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PROPOSAL FOR HARMONISED CLASSIFICATION AND

LABELLING
Substance Name: pitch, coal tar, high temp.
EC Number: 266-028-2
CAS number: 65996-93-2
Registration number (s):
Purity:
Impurities:

Note: the original proposal did not include anyafe concentration limits according to Directive
67/548/EEC or M-factors according to Regulation YB® 1272/2008. RAC concluded to add
specific concentration limits and M-factors inclogia footnote as described below.

Proposed classification based on Directive 67/548E:
Human Health hazards

Carc. Cat. 1; R45

Muta. Cat. 2; R46

Repr. Cat. 2; R60-61

Environment

N; R50/53

Specific concentration limits for the environment:

N; R50/53: Cr» 0.025 %

N; R51/53: 0.0025 % Cn < 0.025

R52/53: 0.00025 % Cn < 0.0025 %

Where Cn is the concentration of CTPHT in the pratian.
The footnote to be considered in Table 3.2. of Anvike

This substance is an UVCB (Unknown or Variable awsiton, Complex reaction products or
Biological materials), and the specific concentoas limits are based on the typical composition of
the substance. It is possible to adjust the sgecdncentration limits if the exact compositiortte
UVCB is known.

Proposed classification based on Requlation (EC) Nk 72/2008:
Human health hazards

Carc. 1A - H350

Muta. 1B - H340

Repr. 1B - H360FD
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Environment

Aquatic Acute 1 - H400, Acute M = 1000

Aquatic Chronic 1 - H410, Chronic M = 1000

The footnote to be considered in Table 3.1 of Anviex

This substance is an UVCB (Unknown or Variable omsitipn, Complex reaction products or
Biological materials), and the M-factor is based the typical composition of the substance. It is
possible to adjust the M-factor if the exact conpms of the UVCB is known.

Proposed labelling based on Directive 67/548/EEC:
Symbol: T,N
Risk phrases: R45 May cause cancer.

R46 May cause heritable genetic damage.
R60 May impair fertility.
R61 May cause harm to the unborn child.

R50/53 Very toxic to aquatic organisms, may cawsgerm adverse
effects in the aquatic environment

Safety phrases: S53 Avoid exposure - obtain spas#lctions before use.

S45 In case of accident or if you feel unwell, sesddical advice
immediately (show the label where possible).

S60/61 This material and its container must beadisd of as hazardous
waste. Avoid release to the environment.

Proposed labelling based on Requlation EC 1272/2Q08
Signal word: Danger

Symbol: GHSO08 Germ cell mutagenicity, hazard aatgdlB; Carcinogenicity,
hazard category 1A; Reproductive toxicity, hazaategory 1B.

GHS09 Hazardous to the aquatic environment.
Hazard statement codes: H340 May cause genetictdefe

H350 May cause cancer.

H360 May damage fertility or the unborn child.

H410 Very toxic to aquatic life with long lastinffects.

As precautionary statements are not included ineXxnkI of Regulation EC 1272/2008, no
proposal is made.
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JUSTIFICATION

Considerations about the classification and labelig of CTPHT

Coal tar pitch, high temperature (CTPHT) is a UV&lBstance and possibly contains thousands of
substances, and because of this complexity andhibty of CTPHT, great difficulties have been
encountered in assessing exposure in the epidegigalostudies. Generally, the presence of coal
tars and derived products is detected by the poesehtheir specific constituents, especially coal
tar pitch volatiles (CTPV) and Polycyclic Aromatitydrocarbons (PAHSs) (IARC, 1985).

The database on possible health hazards induc&iTB¥HT is rather limited, and it is, therefore,
hardly possible to perform a full hazard assessriwerdll the required endpoints. There is, though,
quite some information from epidemiological stud@s workers in specific industrial processes
where CTPHT is produced and/or used, that inditetecarcinogenicity is a hazard associated with
CTPHT. This is attributed to the presence of thedBRAn CTPHT. Given the uncertainties with
respect to the effects of other chemical constimuen CTPHT (and related substances), it is not
completely sure that carcinogenicity is the onlevant effect of CTPHT. However, as it is also
noted that the carcinogenic potencies of these PakElgjuite high, limitation of the risks for cancer
will automatically reduce the risk for any otheispible human health effect, quite possibly even to
zero. Therefore, in view of the limited databases idecided that this classification and labelling
report will focus on the CMR properties, using PAHs guidance substances, in particular
benzo[a]pyrene (see for further information Seibrv, 5.8, and 5.9).

For the environmental hazard assessment it is n@alised that each of the many substances that
constitute coal tar pitch may be relevant for #heeiving environment. In this report, however, the
hazard assessment will be focused on the hazargelpfyclic aromatic hydrocarbons (PAHS)
only. Based on the available information, it isyofdr the 16 homocyclic PAHthat were defined

as priority substances by the United States Enmiemtal Protection Agency (US EPA;
http://www.epa.gov/waterscience/methods/pollutéits. further referred to as EPA-PAHS) that
sufficient effect and exposure data are availadblis. for this reason that the hazard assessment of
CTPHT for the environment is restricted to thisugraf PAHSs, accepting that the potential risk of
CTPHT might be underestimated (see for furtherrmfation Section 7).

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

There are various ‘pitches’, which all exist of muses of an enormous range of individual
substances. The individual substances - if idedtift have usually a CAS registry number.
Furthermore, a whole range of CAS numbers occutgdrature for pitches. Many of these CAS
numbers can not be found in the official CAS ligin Council Directive 76/769/EEC (EU, 1976)
gives a comprehensive listing of “substances”, aygbothers “pitches”, consisting of mixtures of
individual substances. Another comprehensive listapious mixtures that may contain polycyclic
aromatic hydrocarbons (PAHSs) is found in AppendipofA(US-EPA, 1999). Some of the coal tar
pitches present in these lists are shown in Tallld 1

The feedstock for the production of coal tar pitdgh temperature (CTPHT) is tar, coal, high-
temperature with CAS number 65996-89-6. This “samst” is defined in Council Directive
76/769/EEC (EU, 1976) as ‘the condensation prochlmthined by cooling, to approximately
ambient temperature, of the gas evolved in the keghperature (greater than 700 °C (1292 °F))
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destructive distillation of coal. Coal tar is adRaviscous liquid, denser than water and composed
primarily of a complex mixture of condensed ringraatic hydrocarbons. It may contain minor
amounts of phenolic compounds and aromatic nitrdggeses’. Coal tars are condensation products
obtained during the production of coke and/or redtgas through the destructive distillation of
coal, called carbonisation or coking. The composi&nd properties of a coal tar (and coal tar pitch
derived thereof) depend mainly on the temperat@readbonisation and, to a lesser extent, on the
nature of the coal used as feedstock.

Table 1.1.1 Different types of pitches as definedi  n official listings.

CAS number Product " List

61789-60-4 Pitch (EU, 1976)

65996-93-2 Pitch, coal tar, high temperature (EU, 1976, US-EPA, 1999)
92061-94-4 Residues (coal tar), pitch distillation (EU, 1976; US-EPA, 1999)
94114-13-3 Pitch, coal tar, high temperature, secondary (EU, 1976; US-EPA, 1999)
121575-60-8 Pitch, coal tar, high temperature, heat treated (EU, 1976; US-EPA, 1999)

" All of these products are classified in Annex VI of Regulation (EC) 1272/2008 as Category 1B Carcinogen (in Table 3.1) and Category 2
Carcinogen (in Table 3.2).

The distillation of high-temperature coal tars t&sin tar oils (including naphthalene oil, creesot
oil, anthracene oil, and creosote) and a solidtisac(CTPHT) (IARC, 1985). When CTPHT is
heated, coal tar pitch volatiles (CTPV) are relda@TSDR, 2002). However, the term CTPV is
not only used for volatiles released when coalpiéch (CTP) is heated, but also for volatiles
released when coal tar or it's products are he@#&DB, 2004). Figure 1.1.1 shows how CTPHT
and the other coal tar products are produced. Aitieh of the coal tar products can be found in
the glossary (see Annex ).

Coal tars (high temperature)

| distillation

Coal tar oils Coal tar pitch (high temperature)
heating

y

Coal tar pitch volatiles

Figure 1.1.1.  Origin of high temperature coal tar p  roducts.
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This proposal concerns only CTPHT with CAS # 659362.
CAS Number: 65996-9312

EINECS Number: 266-028-2

IUPAC Name: not applicable

Molecular formula: not applicable for UVGBcompounds; coal tar pitch high temperature is a
complex hydrocarbon mixture consisting of three- f$even-membered
condensed ring aromatic hydrocarbons (90%) andigif molecular weight
compounds. Besides these polycyclic aromatic hyttmns and their
(poly)methylated derivatives, it contains heterdicyccompounds and
benzocarbazoles (Steinhauser, 1997).

Structural formula: not applicable
Molecular weight: not applicable

Synonyms: anode pitch, binder pitch, clay pigeonder, electrode pitch, hard pitch,
impregnating pitch, pitch, soft pitch, vacuum pitch

1.2 Composition of the substance

CTP and related substances like CTPV, creosotes tarsd are complex and have variable
compositions. CTP is a complex hydrocarbon mixtooasisting of three- to seven-membered
condensed aromatic hydrocarbons and of high maeaukight compounds. It is a shiny, dark
brown to black solid produced during the distitbatiof coal tars. Coal tars are the condensation
products obtained by cooling of the gas evolvedtha carbonisation of coal. The relative
proportions of the components in the mixture of G complex and variable and dependent on
whether low temperature or high temperature prasesgre involved in the production of the tar.
Over 400 compounds have been identified in coal &ard probably as many as 10,000 are actually
present (Trosset et al., 1978; McNeil, 1983; batidcin IARC, 1985). The number of compounds
present in most coal tar pitches is estimated @& ttitousands. Because of variation in source
materials and manufacturing processes, includifigrdint temperatures and times of carbonization,
no two coal tars or pitches are chemically idemhticageneral, however, approximately 80% of the
total carbon present in coal tars exists in arcmidim. Volatile fumes, designated CTPV, are
released when coal tar, CTP, or their productsheated (HSDB, 2004).

1 It should be noted that this CAS registry numberyrhave been applied to records that deal withl¢aapitches

in a more general sense in files like TOXLINE an®DSHTIC, whereas relevant records in files like MERE
and CA will not be retrieved due to absence ofrégistry number in indexing. Therefore additionefihes on
“coal tar pitch” and “coal-tar pitch” were perforchén MEDLINE, TOXLINE and CURRENT CONTENTS.
However, it is still possible that some relevantiadaere not found with these searches and therefmréiscussed
in this C&L Report.

2 UVCB: Unknown, of Variable Composition, or of Baglical origin.

11
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Purity/Impurities, Additives

The content of the sixteen EPA-PAHSs in pitch usadifpregnation and binding is presented in
Table 1.2.1, along with other aromatic hydrocarbod®st relevant for the classification and
labelling is the composition for binder pitch, &ssithe main source for the production of anodes
and electrodes (Netherlands, 2005). The strucforahulae of the 16 EPA-PAHs are shown in
Figure 1.2.1 (those marked with * belong to the rig&ér 6). Besides polycyclic aromatic
hydrocarbons and their (poly)methylated derivativesal tar pitch contains heterocyclic
compounds and benzocarbazoles. The amount of kspyadne is estimated at 0.1 - 1.5%.
Naphthalene and acenaphthylene were not detecteihier of the pitches used for impregnation
and binding. Yet, the environmental hazards oféahesmpounds are discussed in this report (see
section 7) as it cannot be ruled out that theinviddal toxicity contributes to the overall hazafl
CTPHT.

Table 1.2.1.  PAH content in CTPHT (16 EPA-PAHs and other aromatic hydrocarbons).

Impregnation Pitch Binder Pitch

(mglkg)? (%) (mglkg)? (%)
Aromatic hydrocarbons
Ethylbenzene n.d. n.d. n.d. n.d.
m-/p-Xylene n.d. n.d. n.d. n.d.
1,2,4-Trimethylbenzene n.d. n.d. n.d. n.d.
3- Ethyltoluene n.d. n.d. n.d. n.d.
1,3,5-Trimethylbenzene n.d. n.d. n.d. n.d.
1,2,3-Trimethylbenzene n.d. n.d. n.d. n.d.
Indene n.d. n.d. n.d. n.d.
1,2,4,5-Tetramethylbenzene n.d. n.d. n.d. n.d.
Naphthalene ) n.d. n.d. n.d. n.d.
2,4,6- Trimethylbenzene n.d. n.d. n.d. n.d.
2- Methylnaphthalene n.d. n.d. n.d. n.d.
1- Methylnaphthalene n.d. n.d. n.d. n.d.
Biphenyl n.d. n.d. n.d. n.d.
Dimethylnaphthalenes n.d. n.d. n.d. n.d.
Acenaphthylene ®) n.d. n.d. n.d. n.d.
Acenaphthene ) 390 0.039 432 0.043
Fluorene 144 0.014 472 0.047
2-Methylfluorene 50 0.005 112 0.011
1-Methylfluorene n.d. n.d. 61 0.006
Phenanthrene b 3874 0.387 6299 0.630
Anthracene ) 737 0.074 1311 0.131
3-Methylphenanthrene n.d. n.d. n.d. n.d.
2-Methylphenanthrene n.d. n.d. n.d. n.d.
2-Methylanthracene n.d. n.d. n.d. n.d.
Cyclopenta[deflphenanthrene 918 0.092 821 0.082
4-Methylphenanthrene n.d. n.d. n.d. n.d.
1-Methylphenanthrene n.d. n.d. n.d. n.d.
Fluoranthene®) 17389 1.739 10789 1.079
Acephenanthrylene 828 0.083 386 0.039
Pyreneb) 14849 1.485 9449 0.945
Benzo[a]fluorene 4509 0.451 1974 0.198
Benzo[b]fluorene 4306 0.431 2456 0.246
Benz[a]anthracene®) 15008 1.501 7715 0.772
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Impregnation Pitch Binder Pitch
(mglkg) (%) (mglkg)? (%)

Chrysene b 14041 1.404 8053 0.805
Benzo[b]fluoranthene b 17408 1.741 12131 1.213
Benzo[k]fluoranthene 8704 0.870 6065 0.607
Benzo[e]pyrene 11891 1.189 8976 0.898
Benzo[a]pyrene P 12924 1.292 10021 1.002
Perylene 5014 0.501 3167 0.317
Dibenz[a,h]anthracene ) 2209 0.221 1749 0.175
Indeno[1,2,3-cd]pyrene b 11106 1111 9061 0.906
Benzo[ghi]perylene®) 9945 0.9%4 8664 0.866
Anthantrene 4581 0.458 3464 0.346
Tar acids / phenolics

Phenol n.d. n.d. n.d. n.d.
o-Cresol n.d. n.d. n.d. nd.
m-Ip-Cresol n.d. n.d. n.d. n.d.
2,6-Xylenol n.d. n.d. n.d. n.d.
2,5-Xylenol n.d. n.d. n.d. n.d.
3,5-Xylenol n.d. n.d. n.d. n.d.
3,4-Xylenol n.d. n.d. n.d. n.d.
4-|sopropylphenol n.d. n.d. n.d. n.d.
2,3,5-Trimethylphenol n.d. n.d. n.d. n.d.
3,4,5-Trimethylphenol n.d. n.d. n.d. n.d.
Tar bases / nitrogen-containing heterocycles

Benzonitrile n.d. n.d. n.d. n.d.
o-Tolunitrile n.d. n.d. n.d. n.d.
m-Tolunitrile n.d. n.d. n.d. n.d.
p-Tolunitrile n.d. n.d. n.d. n.d.
Quinoline n.d. n.d. n.d. n.d.
Isoquinoline n.d. n.d. n.d. n.d.
Indole n.d. n.d. n.d. n.d.
Chinaldine n.d. n.d. n.d. n.d.
Acridine 242 0.024 264 0.026
Carbazole 1556 0.156 1664 0.166
Sulphur-containing heterocycles

Thionaphthene n.d. n.d. n.d. n.d.
Dibenzothiophene 269 0.027 438 0.044
Oxygen-containing heterocycles / furans
Dibenzofuran nd. 215 .00
Total 162,892 16.289 116,209 11.621

an.d.: not detected (detection limit: 50 mg/kg). ) These are the 16 EPA-PAHS.
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Naphthalene Acenaphthene Acenaphthylene
Fluorene Anthracene Phenanthrene

Fluoranthene* Pyrene Benz[a]anthracene
Chrysene Benzo[a]pyrene* Benzo[b]fluoranthene*
Benzo[k]fluoranthene* Benzo[ghi]perylene* Dibenz[a,h]anthracene

Indeno[1,2,3-cd]pyrene* PAH marked with * belong to the Bomeff 6.

Figure 1.2.1.  Structural formulae of polycyclic aro matic hydrocarbons covered in this classification
and labelling report.

1.3 Physicochemical properties

The physicochemical characteristics of coal tastphigh temperature are presented in Table 1.3.1.
Because of the importance for the classificatiod belling, the water solubility of CTPHT is
discussed in detail. In Table 1.3.2 and in TabBe3lthe relevant data on water solubility of caal-t
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pitch are summarized. In Table 1.3.4 the physicotb& properties of the individual EPA-PAHs
are presented.

Table 1.3.1.  Physicochemical properties of CTPHT.

REACH ref Property IUCLID Value Comment/reference
Annex, § section
VII, 7.1 Physical state 4.1 black solid at 20°C and 101.3 KPa
VI, 7.2 Melting point 42 65-150 °C softening range (CCSG, 2006)
VI, 7.3 Boiling point 4.3 >360 °C at 1013 hPa
VII, 7.4 Relative density 4.4 1.15-1.40 g/cm?3 at 20 °C (ASTM, 2004; CCSG, 2006)
VI, 7.5 Vapour pressure 4.6 <0.1 hPa at20°C
<10 hPa at 200 °C (CCSG, 2006; OECD, 2006)
VI, 7.6 Surface tension 410 - not applicable
VIL 7.7 Water solubility 4.8 ~0.040 mg/L 16 EPA-PAHS, at a loading of 10 g/L at 22 °C
(Schnitzler, 19994, b)
VI, 7.8 Partition coefficient n- 4.7 - not applicable
octanol/water (log value)
VI, 7.9 Flash point 4.11 >250 °C (1S0O, 2002; CCSG, 2006)
VIl, 7.10 Flammability 413 non flammable 84/449/EEC (EU, 1984); Coal tar pitch, when

heated above its initial boiling point, may
generate vapours that may ignite in the
presence of air and a source of ignition

VI, 7.11 Explosive properties 414 not explosive (CCSG, 2006)
VII, 7.12 Self-ignition temperature >450 °C at 1013 hPa (DIN, 2003; CCSG, 2006)
VII, 7.13 Oxidising properties 415 not oxidizing (CCSG, 2006)

Water solubility

The lowest values were found after elution fromeacplation column (Table 1.3.2, No. 1 and 2)
and after settling following mechanical agitatidrable 1.3.2, No. 5). In the first case, the surfaice
the coal-tar pitch material remained undisturbetilavin the second case the settling time may
have favoured removal from the water-phase by gtisor to the glass wall of the test vessel.
Repetitive elution in an undisturbed system denratesti the limited release of PAHs from coal-tar
pitch (Table 1.3.2: continuation of test No. 1). @e other hand, under agitated conditions, the
permanent mechanical stress on the particle suge®eented a significant decrease in the PAH
level in the water phase over time (Table 1.3.2, NoThe highest value found was about 140 pg/L
at an elevated temperature (Table 1.3.2, No. 4¢rély the data show high consistency taking into
account the different test and analytical condgion

Within the scope of a comprehensive analytical mogne on the availability of PAH from coal-tar
pitch in water (Schnitzler, 1999a, b), a columntaaring 10 g of finely powdered pitch (20-200
pm) was force-percolated by 1.1 L of tap water éwvaecycling for 1 wk). Each experimental
period was terminated by withdrawal of 1 L of thxtract and renewal of the volume by fresh-water
exchange of 1 L each. This procedure was contirfoed39 wk. The total of the EPA-PAHs
comprised 9.9 % (after GC) or 9.2 % (after HPLC)ha pitch sample applied. The dissolved EPA-
PAHs were determined by HPLC analysis after toluertraction from the water samples (2
mL/500 mL water, in duplicate) after each waterlexwe. After the first run, 36.5 pg PAH/L were
found; after 15 cycles, the PAH decreased to 14/&,and after 39 cycles to 0.9 pg/L. The first
water-soluble fraction was dominated by the presari@acenaphthene, phenanthrene, fluoranthene,
and pyrene, followed by naphthalene and fluorerabl@ 1.3.3). All other PAHs were distinctly
below 1 pg/L). The total cumulative amount of wadgtractable EPA-PAHs amounted to approx.
370 pg/10g (= ~0.004 %). The water-soluble fractidrsingle PAHs remained far below their
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theoretical water-solubilities, which confirms tHetely available PAHs got gradually exhausted.
Table 1.3.3 summarises key data and results olbt&iom this experiment.

The highest water solubility in relation to the dosg was 0.0014 % (30 °C) at maximum (Table
1.3.2, No.4). The use of granules resulted in &mwstluble fraction that was a factor of about 10-
25 lower than that for the powder form (Table 1.8@mnpare No. 2 with No. 1, No. 6, or No. 7).

Table 1.3.2. Water solubility data of CTPHT.
No. Form Loading Concentrationin Temp  Analytics Extraction Method Source
(g/L) WSF 2 (ug/L) (°C) (HPLC)

1 Powder 10 37 22 EPA-PAHs Elution column (Schnitzler, 1999a, b)

2 Granules 100 27 25 EPA-PAHs Elution column (Schnitzler, 2000)

3 Molten 42 91 22-25  EPA-PAHs Hot injection into the water (Boenigk, 1997)

pitch phase and 24-h settling

4 Powder 10 137 30 EPA-PAHs 24-h stirring, membrane (Meinecke, 1997)
filtration (0.45 um)

5  Powder 10 22 30 EPA-PAHs 24-h stirring, 24-h settling, (Meinecke, 1997)
centrifugation

6  Powder 10 67 22 EPA-PAHs 8-d stirring, membrane filtration  (Steinhduser, 2000)
(0.45 ym)

7 Powder 10 54-75 22 EPA-PAHs 8-d stirring (6x), 6-fold (Steinh&user, 2000)

repetitive water extraction,
membrane filtration (0.45 pum)

a) WSF = Water-Soluble Fraction based on the16 EPA-PAHSs.

Table 1.3.3.  Multiple elution of coal-tar pitch (10  g/L as powder) in an elution column as compared
to composition of pitch and water solubility of pit ch PAHSs.

16 EPA-PAHs Content in 10 g Pitch Concentration (ug/L)

(rounded values) (rounded values)

(Mg) (%) 1st cycle 15t cycle 39th cycle
Naphthalene 100 0.001 1.5 0.8 0.1
Acenaphthylene nd.a n.d.a n.d.a nd.a nd.a
Acenaphthene 10,000 0.1 7.3 2.7 0.02
Fluorene 4,000 0.04 1.2 0.7 0.01
Phenanthrene 20,000 0.2 8.8 0.7 0.03
Anthracene 3,600 0.036 0.6 0.1 0.02
Fluoranthene 100,000 1.0 9.3 3.6 0.05
Pyrene 90,000 0.9 6.7 2.6 0.25
Benz[aJanthracene 85,000 0.85 0.5 0.2 0.08
Chrysene 100,000 1.0 0.4 0.3 0.15
Benzo[b]fluoranthene 130,000 1.3 0.045 0.1 0.09
Benzo[kfluoranthene 64,000 0.64 0.028 0.01 0.03
Benzo[a]pyrene 110,000 1.1 0.041 0.06 0.03
Dibenz[a,h]anthracene 23,000 0.23 0.01 0.01 0.003
Benzo[ghi]perylene 100,000 1.0 0.02 0.01 0.02
Indenoft23cdlpyrene 100000 10 001 00t 001
Total 920,000 9.2 36.5 11.8 0.9

Values from Schnitzler (1999a, b). 2 n.d.: not detected.
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Table 1.3.4. Physicochemical properties of various PAHs.
Substance CAS nr Molecular Molecular weight Melting point Boiling point Water solubility Log Kow Vapour pressure Density  Henry’s constant
formula (g/mol) (°C) (°C) (4glL) (-) (Paat 25 °C) (g/cm3)  (Pa m3/mol at 25 °C)

Naphthalene 91-20-3  CioHs 128.2 81 217.99 319002 3.349 11.29 1.154 50m)
Acenaphthene 83-32-9  CiaHuo 152.2 96 278 39100 4.009 3.3:10-10 0.899 14.3m
Acenaphthylene 208-96-8  CiaHs 150.2 92 279 161000 3.629 4.8-10-1) 1.024 11.5m
Fluorene 86-73-7  CusHro 166.2 115-116 2959 18002 4.229 8.3:102) 1.203 8.5m
Anthracene 120-12-7  CusHro 178.2 216.4 3429 479 4.68¢ 9.4-104) 1.283 43m
Phenanthrene 85-01-8  CusHuo 178.2 100.5 340 9742 4579 2.6-102) 0.980 3.7m
Fluoranthene 206-44-0  CieH1o 202.3 108.8 375 2009 5.20¢ 1.2:103) 1.252 1.19
Pyrene 129-00-0  C1eHro 202.3 156 360 1252 4,98 1.0-10%) 1.271 1.4n)
Benz[a]Janthracene 56-55-3  CisH1z 228.3 160.7 435 10.29 5.9¢) 7.6-106) 1.226 0.819
Chrysene 218-01-9  CigH12 228.3 253.8 448 1.652 5.81¢ 5.7-107K 1.274 0.0799
Benzo[a]pyrene 50-32-8  CaoH12 252.3 175 496 1.542) 6.13¢ 7.3:107K 1.35 0.034 00
Benzo[b]fluoranthene 205-99-2  CaH12 252.3 168.3 481 1.282) 6.129 3.3:106) - 0.05101
Benzo[kfluoranthene 207-08-9  CaoH12 252.3 217 480 0.93a 6.11¢ 1.3-107) - 0.043 01
Benzo[ghi]perylene 191-24-2  CxH12 276.3 2177 5451) 0.142 6.22¢) 1.4-108% 1.329 0.027 o1
Dibenz[a,h]anthracene 53-70-3  CaHus 278.4 266.6 524 0.829 6.500 3.7:10-10k) 1.282 1.3.1049
Indeno[1,2,3-cd]pyrene ~ 193-39-5  CaHi2 276.3 163.6 536 0.19 6.589 1.7-108) - 0.0469

The data presented in the table were taken form Mackay ef al (1992). @ The values for water solubility were based on generated column methods using geometric means; b The values for water
solubility were based on shake-flask using geometric means; © For indeno[1,2,3-cd]pyrene no data were available, a default value of 0.1 ug/L was used; 9 The values for log Kow were based on slow-
stirring/generator column using average values; © The values for log Kow were based on slow-stirring methods using average values; ) The log Kow values were based on the shake-flask method; 9 The
log Kow values were calculated using ClogP model; M The values for vapour pressure were based on manometry/gas saturation using geometric means;  The values for vapour pressure were based on
gas saturation using geometric means; ) The values for vapour pressure were based on gas saturation/effusion using geometric means; ¥ The values for vapour pressure were based on effusion
method using geometric means; ) The values for vapour pressure were estimated using EPIWIN; ™ The selected values for the Henry’s constant were based on batch/gas stripping/wetted-wall column
using geometric means; " The selected values for the Henry's constant were based on batch/gas stripping using geometric means; o The selected values for the Henry's constant were based on gas
stripping using geometric means; ) The selected values for the Henry’s constant were based on batch column using geometric means; 9 No data were available, so constants were calculated using
EUSES 2.0; "Measurements were performed at 20 °C.
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2 MANUFACTURE AND USE

2.1 Manufacture and import of a substance

High temperature coal tar pitch is produced byiltitibn of high temperature coal tar. The latter

product with CAS No 65996-89-6 is defined as ‘tlmdensation product obtained by cooling, to
approximately ambient temperature, of the gas eblin the high temperature destructive

distillation of coal. It is a black viscous liquatenser than water, composed primarily of a complex
mixture of condensed ring aromatic hydrocarbonsméty contain minor amounts of phenolic

compounds and aromatic nitrogen bases’ (EU, 19Z6al tar is produced at the coke plants of
primary steel works or coke plants as such as progtct. It is supplied to coal tar refineries,

which may be part of the coke oven plant or oparatependently at another site.

Distillation of coal tar produces several oil fiacis and pitch as given in Figure 2.1.1. From 100
tonnes of coal tar; 1 tonne of light oil, 2 tonrascarbolic oil, about 10 tonnes of respectively
naphthalene oil, wash oil and anthracene oil, Ithés of base oil and 50 tonnes of pitch are
produced.

Within the European Union, high temperature coapttch is produced by ten companies at eleven
sites in nine countries. The total European Unioodpction capacity in 2004 was 1,127,000
tonnes. The actual production output of coal testpin that year was about 817,800 tonnes. Import
from outside the EU was reported to be about 91t600es per year and export was about 355,600
tonnes per year. The total consumption of coapitah in the EU from these figures is estimated to
be about 554,000 tonnes per year. Table 2.1.1 mieige market data for coal tar pitch within the
European Union.

Figure 2.1.1 also presents an overview of pitchliegiions (uses). Each application requires
different characteristics and therefore there is‘'standard’ pitch with a chemical composition,
which can be characterised within narrow marginssesveral ‘types of pitches are distinguished. It
should be noted that it might be difficult to dmgjuish between production and formulation. Some
of the pitches can be regarded as blends, whichbdgrmulated at the production site of pitch or
at the site of a user. Pitch coke can be regarsd@dpaoduct made from pitch (industrial applicafion
for which the raw material pitch is processed.

Each type of pitch will have a typical chemical qasition or — more specific — a PAH pattern. It
is obvious that within one type pitch some variatim the pattern will occur. Especially
formulations such as plasticized pitch will havetgua different content and pattern as PAH-
containing components are added. In uses whereastygbe of pitch is usea(g.the former use as

a binding agent in a formulation with bitumen foad paving) the PAH pattern and content may
also change considerably.
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Figure 2.1.1. Schematic overview of the production of CTPHT and the subsequent processing and
formulation possibilities.
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Table 2.1.1.  Market data for coal tar pitch inthe ~ European Union, 2004.

Country Production Import Export

Belgium 129,300 107,800
Denmark 138,000 -

France 48,400 41,600 6,800
Germany 208,000 50,000 158,000
Netherlands 56,300 -

Spain 170,000 83,000
UnitedKingdom 67800 0
Total 817,800 91,600 355,600

2.2 Uses

2.2.1 Introduction

Coal tar pitch is mainly used as a binding agernh@production of carbon electrodes, anodes and
Saderberg electrodes for instance for the alumirinamstry. It is also used as a binding agent for
refractories, clay pigeons, active carbon, coalquetting, road construction and roofing.
Furthermore small quantities are used for heavy datrosion protection, see Table 2.2.1.

A description of the various applications of caalpitch is given in the following sections.
Table 2.2.1.  Use pattern for coal tar pitch, based  on sales in the EU in 2003.

Application Industry category 2 Use category b Quantity Percentage of
(tonneslyear) total sales
Anodes 8 2 322,500 71.3
Electrodes 8 2 81,400 18.0
Refractories 0 2 22,500 5.0
Road construction 16 2 800 0.2
Active carbon 0 2 7,900 1.7
Heavy duty corrosion protection 14 2/39 4,700 1.0
Roofing 16 2 3,200 0.7
Clay pigeons 0 2 5,800 1.3
Coalbriquetting 9 2 3700 09
Total 452,400 100

3 Industrial category 0 is others, industrial category 8 metal extraction, refining and processing industry, industrial category 9 is mineral il
and fuel industry, industrial category 14 is paints, lacquers and vamishes industry, industrial category 16 is engineering industries: civil and
mechanical; ? Use category 2 is adhesives and binding agents and use category 39 is non-agricultural biocides.

2.2.2 Use as binding agent in the production of electrode

As indicated before, the largest application oflpiis its use as a binding agent in the produation
electrodes (including anodes for the primary aluamn production) with 87 percent of the total
amount of pitch used. The electrodes are mainlyg usehe production of primary metals, ferro-
alloys, non-ferrous metals and metal alloys, cafcaarbide and silicon carbide.

The production of electrodes starts with the gneaste or Sgderberg paste production. Green paste
is produced from either coal coke or petroleum cake up to 28% of pitch, which acts as a binder.
Cokes is ground and mixed with pitch in heated msxa a temperature between 100-150 °C and
pressed in the desired form which, after coolimguits in so called Sgderberg electrodes. These
electrodes are commonly used in submerged elertifurnaces for instance for the production of
ferro-alloys and in the electrolysis process famgary aluminium production.
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Prebaked anodes are produced from the green patsespecially prebaked anodes might contain
residual material from old anodes. The green aldels are baked in large furnaces at a temperature
of about 1100 °C in the absence of air for aboutldys. The equipment used for baking may be
open or closed top ring furnaces. Open furnacesauerizontal duct and closed furnaces use a
vertical flue. Open furnaces account for 60% ofahpacity. During the baking process the coal tar
is converted into coke, making the material eleatly conductive. There is a 5% loss in weight
during baking as volatiles and filter tar (EC, 2p0Besides the use of coke also used anodes are
applied for the production of prebaked anodes.

These prebaked electrodes are mainly applied adearia the primary aluminium production. The
baking of anodes might be done at a plant at theessite where also aluminium production takes
place. However, there are also companies prod@iodes and shipping them to their customers. It
should be noted that at sites where anodes fomalimminium are baked also manufacturing of
graphite electrodes may take place.

Graphite electrodes are obtained after additiomaprégnation with pitch and consecutive
graphitisation at temperatures of 2800 °C for tiweeks, usually carried out in Acheson or Castner
furnaces. Single chamber furnaces or pit furnacesused as well as closed ring furnaces for the
baking process. Tunnel furnaces are used for ssnale production of speciality carbon (EC,
2001).

These electrodes are used in electric arc furnBarethe production of a variety of products as
ferro-alloys, silicon carbide calcium carbide ambgphorous.

Prebake and graphite electrodes are produced froaverage of 16% pitch and 84% of petroleum
coke. In addition for the manufacture of prebakedas for the aluminium industry remainders of
used anodes are also applied beside cokes.

2.2.3 Use as binding agent in the production of other prducts

Other carbon and graphite products

Graphite products such as seals, brushes and siprdaducts are produced in a similar way as
graphite electrodes. There are differences initeeand complexity of the products and this affects
the processes that are used. Other additives sustlphur of metals can be added to the blend of
raw materials to give the desired physical propsrto the product. Green shapes are formed by
moulding and these may be baked at temperature® U800 °C, re-baked and graphitised by
heating the shapes up to 2800 °C. Baking and rergak green shapes is done by using a variety
of furnaces such as tunnel, single chamber, maltphamber or annular furnaces depending on size
and complexity of the product. Graphitising is daneAcheson, tunnel, Castner or induction
furnaces. The shapes are then subjected to a nwhliershing processes such as machining and
polishing (EC, 2001). Porous graphite is also poeduin the basic process of blending sawdust
with the raw materials. During baking sawdust isnbasted and a porous matrix of carbon of
graphite remains, see also the section on Produofiactive carbon below. High purity graphite is
produce in a similar way but the graphitising pssces used to remove included impurities such as
metals.

Refractory brick

Refractories are materials that provide linings Hagh-temperature furnaces and other processing
units operating at high temperature. Refractoriastrbe able to withstand physical wear, corrosion
by chemical agents and high temperatures (above°6pORefractories are produced as formed
objects, i.e. bricks and shapes and unformed as granulated t@po A typical refractory
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application is as lining of basic oxygen furnaced alectric arc furnaces in steelmaking (US-EPA,
1995; Hubbleet al 1998).

Several types of refractories are available ran@iom pitch-bonded to the advanced refractories
that are made with resin bonds, metallics, graphatad sintered or fused magnesia. Different types
of pitch-bonded refractories are used like pitcipiegnated fired bricks, pitch-bonded unfired or

tempered bricks (high alumina), pitch-bonded uudfiog tempered magnesia, magnesia dolomite
and dolomite bricks and shapes and pitch-bondddropered oxide-graphite products (Routschka
& Granitzki, 2002).

Production of active carbon

For those applications where active carbon hatshaped, the raw material, such as coal, can be
pulverised, briquetted by using a binder, and nabrbonised. There are a number of patents
describing the production of microporous spheremfpitch. The process involves several stages:
melting, dispersing, oxidising with air to rendé@etmaterial insoluble, and finally, activation by
steam (Vohleet al 2002).

Binder for road construction and roofing

For road paving various products, consisting okalds of mixtures of PAH-containing materials
and (in the case of asphalt) minerals, have beed.us many of them pitch was one of the
components. The following ‘road tars’ have beetimiisished:

- Road tar for low traffic roads based on blends@86% normal pitch with middle oils (boiling
range 170-270 °C), heavy oils (270-300 °C), antiracene oils (boiling range > 300 °C).

— Ageing-resistant road tars having an increased ddtanthracene oil Il (boiling range > 350 °C)
and anthracene oil | (boiling range up to 350 °C).

- Bitumen-containing road tar with low oil contentntaining 15% asphalt basic distillate
bitumen.

— Bitumen-rich road tar containing 35-40% bitumen

- Pitch-bitumen contains 70-85% bitumen

— Carbobitumen is a blend of soft pitch and hardrbé&n, containing 20-30% of a special pitch.

Because of the varying content of PAHs and theabdi amounts of the types of road tars,
emissions from such tars have shown a wide range.

Roofing tars were used as impregnating, coatingd, athesive material for tarred felts and tarred
sealing webs. Usually blends of pitch and filteeedhracene oil were used; by using plasticized
pitches or by adding extenders the plasticity ardperature stability of roofing tars is improved
considerably (Collin & Hoke, 2002).

On the whole the amount of pitch used for thesedpglications have decreased as it is replaced by
other products. On account of the lower PAH contetutmen replaced uses in road construction,
because most of the European countries (for instéme Netherlands) have banned the use of coal
tar pitch in road construction by law or agreembéetween trade unions and road building
companies. According to industry, only very patacuapplications such as anti-kerosene coatings
for parking lots and fuel stations still use pighulsions.

Also for roofing products (national) bans exist iagathe use of coal tae(g. in Germany and
France).
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Clay pigeons

Clay pigeon pitch is used as a brittle binding ageith increased softening point for clay pigeons
used in sport shooting (Collin & Hoke, 2002). Ciageons are designed to withstand being thrown
from traps at very high speeds, but at the same ltieing easily broken when hit by just a very few
pellets from a gun. Instead of clay chalk or dol@mimestone and instead of coal tar pitch
petroleum pitch may be used. Some manufacturers da produce “environmentally” friendly
clay pigeons by applying petroleum pitch in ordermeet the EEC environmental protection
directives, or to apply no binder at all (mixture several clays) (Lireko, 2002; Shootingworld,
2002; Claypigeon Company Ltd., 2010). Clay pigeomsnufacturers, claiming environmental
protection, displaced coal tar pitch by petrocheniinders for more than 80% of their production
and the former clay pigeons are exported outside Ebropean Union. However, information
provided by industry contradicts the assumptiort tha use of CTPHT in clay pigeons has been
reduced significantly and that in the short teriis #pplication will be phased out. For this reason,
industry is requested to provide information on tblease of PAHs from the production and use of
clay pigeons in order to assess the environmeistal r

Coal briquetting

Coal briquetting is intended to turn fine-graineshic(< 6 mm) into a lump form. This conversion
leads to a better manageable solid fuel esped@ilgomestic heating. Briquetting is also necessary
if coal is reacted in a fixed bed subjected to svftaw (e.g.in fixed-bed gasification) and for lump
or formed coke production from non-caking coal.

Regarding the temperature range, briquetting psssesare subdivided into cold briquetting
(<100 °C) and hot briquetting processes (400-%00 The production of high quality briquettes by
cold briquetting without binding agent is only pibds with soft brown coal. Binding agents such as
pitch, tar, and bitumen were formerly used for lgwlatile coals. Because of their (suspected)
carcinogenic effect (which is particularly pronoedcif such binding agents are based on hard
coal), they are being replaced by other bindingntggee.g. biomass materials (for example
molasses). In some Western European countriesstheficoal tar pitch is forbidden (Germany and
Scandinavia). Hot briquetting is a less common wetthbf compacting. Here, a caking coal in its
softening range is used as the binding agent. Ldphsir emission briquettes can be produced by
adding sulphur binding components such as milkirnglto reduce the sulphur dioxide emission
during low- and medium-temperature combustion (&a&itReimert, 2002). Based on information
provided by industry, the capacities for briquegtare decreasing from 2000 ktonnes per year in the
1980s to currently 150 ktonnes per year. Togethtr iwcreasingly use of environmental friendly
binders like molasses and starch this eventuadlgdeo a complete phase out of the pitch for this
application. However, recent information providedibdustry contradicts the assumption that the
use of CTPHT in coal briquetting will be phased.dubr this reason, industry is requested to
provide information on the release of PAHs from pineduction and use of coal briquetting in order
to assess the environmental risk.

Heavy duty corrosion protection

Pitch coatings are used for anticorrosion protectiss the plasticity of normal pitch is too low,
hard pitches with a high content of toluene inskdabare adjusted to the desired softening point
with high-boiling tar oils (Collin & Hoke, 2002).df heavy duty corrosion protection as mentioned
in Table 2.2.1 and for application as sealing commois a further increase in the plasticity range is
achieved by hot-mixing these pitches with extendemsh as finely ground coal, minerals,
diatomaceous earth, or fly ash; to meet espedmdlii anticorrosion requirements, coal tar pitches
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are combined with polymers (Collin & Hoke, 2002)c8 pitch-polymer combinations may consist
of two-pack systems with epoxy or polyurethane pe-pack systems with other polymers or
elastomers.

Physically drying pitch coatings

Special coal tar pitches are used in the produdiamne-pack physically drying paints; the physical
and chemical properties have been modified by appecocesses, such as polymerisation (Sttye
al, 2002). For waterborne coatings high-boiling ctal distillates, mineral oil extracts rich in
aromatics, or plasticizers normally used in thenpaidustry €.g.benzylphthalate) may be used as
plasticizers for hard pitches (Stogeal 2002).

Pitch paints have been used to protect concrefesigeggressive water, for corrosion protection of
steel constructions in industry, hydraulic sterl&ures, and underground pipelines.

Pitch combination coatings

In one-pack, physically drying pitch polymer comddion paints, pitch paints are mixed with
thermoplastic polymers such as PVC, chlorinatedbeubpolychloropyrene, polyacrylonitrile, or
polystyrene (4-8% wt. % of polymer) (Stoge al 2002). They are superior to the conventional
pitch paints, and are especially used to proteatstres in the sewerage and effluent sector (Stoye
et al 2002).

In two-pack chemically drying combination paintscpi and solvent or pitch and high-boiling tar
oils are mixed with reaction-curing resins suchepsxy resins and polyurethanes (Steyeal,
2002). They are widely used in hydraulic steeldtres, ship building (antifouling) and harbour
construction, sewerage sector, and pipeline cartstru(Stoyeet al 2002).

According to industry, corrosion protection withghi-based products is declining and phasing out
of these artefacts is predicted in the next fews/edlso there is a European Union wide ban on the
use of coal tar (pitch) containing coatings for aseships and quays etc. However, information
provided by industry contradicts the assumptiort tha use of CTPHT in heavy duty corrosion

protection has been reduced significantly and ithale short term this application will be phased

out. For this reason, industry is requested to igeinformation on the release of PAHs from the

production and use of heavy duty corrosion prodeciin order to assess the environmental risk.

2.2.4 Application of carbon and graphite electrodes

Aluminium production

Aluminium is produced in reduction plants by thellHieroult process. The electrolytic reduction
of aluminium oxide (alumina) takes place in a molbath of cryolite (sodium aluminium fluoride)
at a temperature of approximately 960 °C, with ap% alumina dissolved in this. Aluminium
fluoride is added to lower the melting point of thath. A reduction cell comprises a carbon
cathode, insulated by refractory bricks inside atamegular steel shell, and a carbon anode
suspended into the molten charge. The cells areredvwith a hood for gas collection and are
connected in series to form an electrical reducliioe (potline). The oxygen in the alumina reacts
with the carbon of the anodes, to form carbon diexhence consuming the carbon anodes. Liquid
aluminium deposits at the bottom of the cell andrawn off.

In the primary aluminium production two differenpes of anodes are applied, Saderberg anodes
and prebaked anodes. The Sgderberg process apptidauous anode paste (green paste). The
paste is baketh situ in the electrolytic cell during the production pess. This process does not
require changing of anodes. Prebaked anodes arafactured at a separate anode plant, which
sometimes is an integrated part of the primary alium production plant.

24



ANNEX 1 —BACKGROUND DOCUMENT TORAC OPINION ONPITCH, COAL TAR, HIGH TEMP. (CTPHT)

There are different sub-processes to be distingdish primary aluminium production depending
on the positioning of the current carrying studstle anodes, a factor which may influence
emissions from the electrolytic reduction procdderizontal Stud Sgderberg (HSS) and Vertical
Stud Sgderberg (VSS). Also the processes with gezbanodes differ in the place where the pot
working (crust breaking and alumina addition) taldsce. The three types are Centre-Worked
Prebake (CWPB), Point Feed Prebake (PFPB) and\8ul&ed Prebake (SWPB) (US-DOE, 1997,
EC, 2001). In case of SWPB cells, alumina is fed the cells after the crust is broken around the
circumference. The gas collection hoods over thgtle of the cells have to be opened during this
operation. CWPB cells are fed with alumina aftex ttrust is broken along the centreline or at
selected points on the centre line of the cell ®FEWPB and PFPB systems use an automatic
feeding system and can be operated without opehingas collection hoods (EC, 2001).

Total primary aluminium production in the fifteetJEnember states in 2003 was 2,573 ktonnes. In
Western Europe, Norway is the largest producerriofigry aluminium with 1,190 ktonnes in 2003.
Other primary aluminium producing countries in iMestern Europe are Iceland and Switzerland
producing 266 and 44 ktonnes primary aluminium eefipely. Altogether these three countries
have a share of 1500 ktonnes primary aluminium total amount of 4,073 ktonnes produced in
Western Europe (37%). The share of Sgderberg témyman the total amount of primary
aluminium produced within the European Union ispgdcent, see Table 2.2.2.

The Sgderberg technology is applied in Sweden @athSvithin the EU 15 and in Norway. About
90 percent of the total aluminium production isqaroed by prebake technologies.

Table 2.2.2.  Primary aluminium production in the Eu  ropean Union, including technology shares
and production capacities for the year 2006.

Country Production? Capacity 2 Technology share ?)
(ktonneslyear) (ktonneslyear) VS§S¢ (Sw)pB9 CWPB®

Austria

Belgium

Denmark

France 444 440 0.11 0.89
Finland

Germany 516 664 1.00
Greece 163 163 1.00
Iceland ) 325 391 1.00
Ireland

Italy 190 190 1.00
Luxembourg

Netherlands 283 340 1.00
Norway 1379 1388 0.13 0.87
Portugal

Spain 400 402 0.45 0.55
Sweden 100 100 0.75 0.25
Switzerland 4412 43 1.00
United Kingdom 362 366 1.00
Slovakia 158 159 1.00
Slovenia 119 132 1.00
Poland 55 ! 55 100
Total EU 2800 3020 0.08 0.02 0.90

3 Production and capacity figures from EAA (2004); ) There is no Horizontal Stud Sederberg production in Europe; @ Vertical Stud
Sederberg; 9 (Side-Worked) Prebake; © Centre-Worked Prebake; f Norway, Iceland and Switzerland are not part of the EU, but together
are significant and additionally part of the EU Environmental legislation.
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Ferro-alloys and non-ferro metals (alloys)

There are principally two primary production proses for the production of ferroalloys, the carbo-
thermic and the metallo-thermic reduction of oxidiees or concentrates. The most important
process is the carbo-thermic reduction in whiclbear in the form of coke, coal or charcoal is used
as a reducing agent. The metallo-thermic reducisomainly carried out with either silicon or
aluminium as the reducing agent.

There are three types of furnaces, which are piiynased for the production of ferro-alloys:

Electric Arc Furnace (EAF)

An electric ‘submerged’ arc furnace is any typdurhace wherein electrical energy is converted to
heat by transmission of a current between elecsrpdetially submerged in the furnace charge. This
can be done by using alternating electric curnemt furnace with usually three carbon electrodes or
by using a direct current in a furnace where tlestikes between a number of electrodes and the
carbon furnace lining. The furnace can be operékedh wise or continuously with a molten
charge. The applied electrodes can be of the Sedgrbf the prebake type. In the case of
continuous operation with a molten charge the méets are submerged and do not strike an arc but
operate as an electric resistance furnace or mlestibmerged arc furnace. The electrodes are
consumed in the process and must therefore becezblzontinuously at certain intervals requiring
shutdown of the furnace. To eliminate this Sgdeyledectrodes were developed. With this type of
electrode it is possible to operate continuoushcafbon paste is baked to a fixed electrode inside
the furnace as it approaches gradually the warragrgd the furnace. The carbon of the electrodes
is consumed during the reduction process or wesay dy the action of the arc. Some installations
use hollow electrodes, which allow raw materiab®fed into the furnace through the electrode.
The furnaces can be open, semi-sealed or totadllede The open furnace has a fume collection
hood above the top of the furnace shell leavingpen area between the furnace and the hood.
Sealed or semi-sealed furnaces have no open angedrethe hood and the furnace. The cover has
feed chutes and sealing valves for charging anéshébr electrodes to pass through. Sealed
furnaces that partially close the hood openingh alitarge material are referred to as semi-sealed.

Table 2.2.3.  Applied technologies for ferro-alloy a  nd non-ferrous metal production.

Material produced? Furnace type Electrode Share electrode Comments
b) consumption
(kg/tonne) )
Ferro-Manganese EAF Sederberg 77 (8-20)
BF n.a. 23

Silico-manganese EAF Sederberg 100 20-30

Silicon-metal EAF (100)

Ferro-chromium EAF Sederberg 100 7-25 carbo-thermic + silico-thermic

FeCrSi EAF same type as ferro-chromium

Ferro-silicon EAF Saderberg 100 40-70 (50)  Norway is biggest EU producer,
which uses semi-open systems

Calcium-silicon EAF Saderberg 100 90 (120) carbo-thermic method commonly
used. Also alumino-thermal is used

Chromium EAF - - - Alumino-thermic, silico-thermic and
carbo-thermic

Silicon EAF Graphite/Prebake - 100-140

Ferro-nickel EAF Saderberg 100

Lead BF n.a.

Secondary lead BF, EF, EAF - - - few EU smelters apply BF

Zinc EL graphite - - only for electro-thermic distillation
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Material produced? Furnace type Electrode Share electrode Comments

b) consumption

(kg/tonne)©)
Nickel EAF,RF, FS  Saderberg/Prebake smelting
Tin EF graphite 33 10 also reverberatory furnaces are used
Copper slag cleaning  EF - - - Slag concentration is an alternative
process. No electrodes used.

Steel (electric) EAF - 100 1.3-14
White phosphorous EF Sederberg/prebake 9 50
Calciumcarbide EAF Sederberg 100 12
Siliconcarbide EF Graphite 100 -

Information taken from Sjardin (2003) and Ullmann (2002). n.a. not applicable;-no information available; @ There is no longer primary
magnesium production in the European Union, only magnesium recycling; ® EL: electric fumnace; EAF: electric arc furnace; BF: Blast
fumace; RF: reverberatory furnace; FS: flash smelting. © Electrode consumption based on Ullmann (2002); 9 Share of Sederberg
technology in total production capacity. Sederberg technology is applied in Europe, generally in the United States of America prebake is
used (Diskowski, 2002).

Electric resistance furnace

This type of furnace uses a similar arrangemettigcelectric arc furnace, Depending on the size of
the furnace 3 to 6 Sgderberg or prebaked electragegnmersed in the liquid raw material. The
temperature is maintained by means of electricstasce heating. These furnaces usually operate
with coke or slagging agents depending on the egjptin. The electrodes are consumed as the
metal oxides are reduced.

Blast furnace

No carbon or Sgderberg electrodes are used wghtype of furnace. It uses heated air, which is
blow into the furnace at the lower part to burn tio&e in the furnace charge, which furthermore
exists of metal ore and secondary material. Patth@fcokes is burned, which provides the heat to
produce the melt. CO gas is formed, which redubestetal oxides. The consumption of coke in
blast furnaces is higher than in submerge arc @saince coke is also used as a heating source.

There is a large variety of ferro-alloys and norrdas metals (alloys) produced applying electric

arc furnaces, electric resistance furnaces or flmsaces. For each type of material produced the
type of furnace generally applied in combinatiothvthe type of electrode commonly used is given

in Table 2.2.3.

Table 2.2.4 gives the production volumes or prodactapacities of ferro-alloys and non-ferrous
metals other than aluminium in the European Unlargest commodities are the ferrochromium
and ferrosilicon alloys with respectively 390,6381a238,356 tonnes in 1998. As a non-member
state Norway is the largest ferro-alloy and nomefes metal producer in Western Europe. The
majority of these ferro-alloys are produced in #lecarc furnaces (EAF) applying Saderberg
electrodes (Table 2.2.4).
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Table 2.2.4 Ferro-alloy and non-ferro-metal product  ion (1000 tonne/year) in the European Union and oth  er Western European countries in 2001.

Country Mg Cra Sn Fe-EAF FeNi® FeMn?® FeCrb) FeSib SiMnb) Si-metal®?  CaC Sia SiC
Austria n.a. n.a. n.a. 503,000 4,000 n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Belgium n.a. n.a. 8,0009 2,433,000 n.a. 20,000 n.a. n.a. n.a. n.a. n.a. n.a.
Denmark n.a. n.a. 1009 790,000 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
France 4,000 7,000 n.a. 8,059,000 n.a. 130,000 n.a. 100,000 50,000 75,000 139,000 16,000
Finland n.a. n.a. n.a. 901,000 n.a. n.a. 236,710 n.a. n.a. n.a. n.a. n.a.
Germany n.a. 1,000 -¢) 12,096,000 n.a. n.a. 19,308 n.a. n.a. 25,000 n.a. 36,000
Greece n.a. n.a. 1509 1,109,000 84,200 n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Iceland ©) n.a. n.a. n.a. - n.a. n.a. n.a. 111,948 n.a. n.a. 46,000 n.a.
[reland n.a. n.a. n.a. 358,000 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Italy n.a. n.a. n.a. 15,272,000 n.a. 40,000 - n.a. 90,000 6,000 n.a. n.a.
Luxembourg n.a. n.a. n.a. 2,477,000 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Netherlands n.a. n.a. n.a. 152,000 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 65,000
Norway ¢ 36,000 n.a. 509 633,000 n.a. 240,000 82,600 450,000 230,000 10,000 180,000 391,000 80,000
Portugal n.a. n.a. -€) 475,000 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
Spain n.a. n.a. -[259 10,537,000 n.a. 10,000 - 40,000 100,000 30,000 n.a. n.a.
Sweden n.a. n.a. n.a. 1,946,000 n.a. n.a. 109,198 22,000 n.a. n.a. 45,000 55,000 n.a.
Switzerland © n.a. n.a. n.a. 800,000 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.
United Kingdom na._ 700 e 3889000 na_ _ na . na__na__ na ___nha_ ... nha__ na__
Total EU 4,000 15,000 8,325 60,997,000 88,200 200,000 365216 162,000 240,000 136,000 194,000 117,000

n.a. not applicable: probably no production in this country;-: production is zero/terminated; open space: no information available; company information from the intemet (http:/www.waddenzee.nl or
http://www.esk-sic.de; @ Production capacity; ® Produced with electric furnaces; © Norway Iceland and Switzerland are not part of the European Union but are the large ferro-alloy producing countries in
Western Europe; 9 Secondary production; & Primary and secondary production.
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3 CLASSIFICATION AND LABELLING

3.1 Classification in Annex VI of Regulation (EC) 12722008

CTPHT is included in Annex VI, part 3 under Indea B48-055-00-5.
Classification in Table 3.1
Classification Carc. 1B

H350
Labelling GHSO08 Dgr
H350
Note H

Classification in Table 3.2
Classification Carc. Cat. 2;

R45
Labelling T

R45

S53-45
Note H

3.2 Self classification(s)

Not applicable.
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4 ENVIRONMENTAL FATE PROPERTIES

The data presented have been taken from differ@ndlbooks (e.g. Mackagt al 1992; Douben,
2003). It should be noted that these data haveeen re-evaluated.

4.1 Degradation

4.1.1 Stability

PAHs are chemically stable, with no functional grsuthat results in hydrolysis. Under
environmental conditions, therefore, hydrolysis sle®t contribute to the degradation of PAHS
(Howard et al 1991). The main abiotic transformation is photroical decomposition, which in
natural water takes place only in the upper fewtinetres of the aqueous phase. PAHs are
photodegraded by two processes, direct photolygidight with a wavelength < 290 nm and
indirect photolysis by at least one oxidizing agévitlkering & Breure, 2003). Singlet oxygen
usually plays the main role in this process, howengactions with nitrite and to a lesser exterthwi
nitrate may take place, to form nitro- and hydremjto-aromates (Suzukiet al 1987).
Endoperoxides may also form an intermediate stagiee reaction chain. The degradation is related
to the content of oxygen dissolved and may be acatld by humic acid (as energy carrier) and
increases exponentially with the temperature (Mofr&amamoorthy, 1984). When PAHs are
absorbed on patrticles, the accessibility for phla¢émaical reactions may change, depending on the
nature of the particles. It was shown by Zepp & |&ahauer that for PAHs in true solution in
“pure” water or seawater, direct photolysis is ¢desably more significant than photooxidation by
means of singlet oxygen. No molecular oxygen isuiregl for this photolysis. In pure water a
photodegradation constant for anthracene of apprateély 1 hour was measured (Zepp &
Schlotzhauer, 1979). There are great differencgshotochemical reactivity between the various
PAHs. Zepp & Schlotzhauer (1979) studied the pleatctivity of a series of PAHs in water and
included the partitioning of PAHs between water andpended sediment in the experimental half-
lives, giving the following sequence of half-livemthracene < benz[a]anthracene < benzo[a]pyrene
< chrysene < phenanthrene < fluorene < naphthaleitie,half-lives ranging from ca. 1 hour for
anthracene up to 71 hours for naphthalene.

4.1.2 Biodegradation

Aquatic biodegradation

The results from standard test for biodegradatiowater show that PAH with up to four aromatic
rings are biodegradable under aerobic conditionghai the biodegradation rate of PAH with more
aromatic rings is very low (WHO, 1998). Althoughs® evidence for anaerobic transformation of
PAHs has been obtained (Thierghal 1993; Coatest al 1997), PAHs are usually considered to
be persistent under anaerobic conditions (Neff91¥blkering & Breure, 2003). Because marine
sediments are often anaerobic, degradation of PiAHkis compartment is expected to be very
slow.

The biochemical pathway for the aerobic biodegiadatof PAHs has extensively been
investigated. It is understood that the initialpsie the aerobic catabolism of a PAH molecule by
bacteria occurs via oxidation of the PAH to a dilmgtiol by a multi-component enzyme system.
These dihydroxylated intermediates may then begased through either an ortho cleavage type of
pathway, in which ring fission occurs between thw thydroxylated carbon atoms, or a meta
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cleavage type of pathway, which involves cleavafj¢he bond adjacent to the hydroxyl groups,
leading to central intermediates such as protobates and catechols. These compounds are further
converted to tricarboxylic acid cycle intermedia{®an der Meeret al 1992). For the lower
molecular weight PAHSs, the most common route ingslthe fission into a C3 compound and a
hydroxyl aromatic acid compound. The aromatic @ag thereafter either undergo direct fission or
can be subjected to decarboxylation, leading tdfdhmation of a dihydroxylated compound. This
compound can be dissimilated as described abovenWegraded via these pathways, the low
molecular weight PAHs can be completely mineralitedCQ, and HO (Volkering & Breure,
2003).

Although the biodegradation pathway of the differ®#\Hs is very similar their biodegradation
rates differ considerably. In general, the bioddgt@mn rate decreases with increasing number of
aromatic rings. For example, for degradation bytdx@ from estuary half lives for anthracene and
benzo[a]pyrene of more than 145 and 1750 daysecotisply, were found (Gerlach, 1981). For
anthracene in pond water, however, a half-life wéro2 days was found (Leslet al 1987). In
static experiments complete decomposition for ragdehe and phenanthrene, partial
decomposition for anthracene and chrysene and wonggosition for fluoranthene was found
(Richards & Shieh, 1986). According to Volkering Breure (2003), two factors are considered
responsible for the difference in degradation raiest, the bacterial uptake rates of the compounds
with higher molecular weight have been shown toldweer than the uptake rates of the low
molecular weight PAHs. The second and most impoftastor is the bioavailability of PAHS, due
to sorption on suspended organic matter and sedins@mce theKow and theKoc are strongly
correlated, high molecular weight PAHs will degrattaver than low molecular weight PAHs. This
is illustrated by Durangt al (1995) who found that the half-life of PAHs in @stine sediment was
reversely related to thkow. Biodegradation rates also are extremely depenadierthe (a)biotic
conditions both in the laboratory and in the fididportant influencing factors are (1) the substrat
concentration; with low PAH concentrations leadinglonger half-lives; (2) temperature, which
reversely relates to the half-live and (3) the enee or absence of a lag-phase (De Maagd, 1996).
In addition, the desorption rate of PAH appearddorease with increase of the residence time of
PAHs due to slow sorption into micropores and oiganatter, and polymerization or covalent
binding to the organic fraction. The consequence tltié aging process is a decreased
biodegradability and a decreased toxicity (Volkgr& Breure, 2003).

Obviously, due to the large variations it is diffic to predict half-lives of PAHs. For the
classification and labelling it is decided to ude suggested mean half-lives by Maclatyal
(1992).

Biodegradation in soil

Biodegradation is the major mechanism for removd?AH from soil, although PAHs with fewer
than four aromatic rings may also be removed bgtidation and photolysis (WHO, 1998). Many
different species of bacteria (both Gram-negativé &ram-positive), fungi, yeasts and algae are
known to degrade PAHs (Cerniglia, 1992; Cerniglizal, 1992; Juhasz & Naidu, 2000; Kanaly &
Harayama, 2000), of which bacteria are generalbpymed to be the most important group of soil
micro-organisms contributing in the biodegradatioh PAHs in soils (Késtneret al 1994;
McGillivray & Shiaris, 1994). Fungi may play a sifjoant role in PAH degradation in the top soil
(Cernigliaet al 1992).

Although the toxicity of the metabolites is ofteswler than the toxicity of the parent compound,
their bioavailability may be higher because of thegher water solubility. Comparing the toxicity
before and after bioremediation however reveals earehse in toxicity along with PAH
biodegradation (Wangt al 1990; Baud-Grassedt al 1993). According to Volkering & Breure
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(2003), a possible explanation for this decreagexitity is that the intermediates, which are more
reactive than saturated PAHs, undergo polymerigagactions or chemical reactions with the soil
organic matter. Recent investigations (Burgbsl 1999; Kastneet al 1999; Niemaret al 1999)
have shown that under natural conditions, interatedi of PAH degradation is irreversibly
incorporated in the humic soil fraction.

Like for the aquatic environment, there is a relaship between PAH environmental persistence
and increasing number of benzene rings which issistent with the results of various studies
correlating environmental biodegradation rates BAGH molecule size (Bossert & Bartha, 1986;
Banerjeeet al 1995), probably due to changes in the aqueousb#it}, bioavailability and
structural stability of PAHs through the compourup. Studies on the microbial ecology of
PAH-contaminated soils have shown that the numb&#Ad1-degrading micro-organisms, as well
as the degrading capacity, are much higher in PAhtaominated soils than in pristine soils, which
implies that an adapted microbial population hasnbeeveloped (Herbes & Schwall, 1978;
Carmichael & Pfaender, 1997). The rate of biodegtiad in soil also depends on other external
factors, like temperature, the characteristicshef $oil (soil type, pH, moisture content, oxygen
content and nutrients) and its microbial popula{ims & Overcash, 1983). Some of these factors
may also explain why the half-lives observed undéoratory conditions are much shorter than
those obtained from long-term field-based experisidn a study with sandy loams, forest soil, and
roadside soil partially loaded with sewage sludgenfa municipal treatment plant (Wild & Jones,
1993), the half lives were in the range of weekkilevin a study with soils enriched with PAH-
contaminated sewage sludge under field conditid¥gd( et al 1991) the half-lives were in the
range of years (see Table 4.1.1). Wild & Jones 199gued that in the laboratory, soils were kept
under conditions that tends to optimize biodegiadgpotential, that is stable temperatures (20-30
°C), stable moisture content, good lighting and @@maand often added nutrients, while in the field
low temperature suspend degradation, oxygen sumgly be limited and water saturation may
make the soil anaerobic.

Table 4.1.1.  The biodegradation rate of PAHs in soi | found under laboratory and field conditions.

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

Naphthalene (2) 14-48 <20
Acenaphthene and Fluorene (3) 44-74 >3.2
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 chrysene (4) 106-313 8.1
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

Coronene 603-2030 16.5

Data taken from Wild et al (1991) and Wild & Jones (1993).

For the classification and labelling it is decideduse the suggested half-lives by Maclsyal
(1992), which based on a literature search, rattkedAHs in different classes (see Section 4.1.3).
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4.1.3 Summary and discussion of persistence

On the basis of model calculations, Macletyal (1992) ranked the 16 EPA-PAHs according to
their persistence in, water, soil and sedimentffer@nt classes (Table 4.1.2) which correspond to
specific half-live in these compartments (Table 3).1For the classification these values are used.

Table 4.1.2. Ranking of PAH in different classes.

Compound Water Soil Sediment
Naphthalene 3 5 6
Acenaphthene @ 3 5 6
Acenaphthylene @ 3 5 6
Fluorene 4 6 7
Anthracene 4 6 7
Phenanthrene 4 6 7
Fluoranthene 4 7 8
Pyrene 5 7 8
Benz[aJanthracene 5 7 8
Chrysene 5 7 8
Benzo[a]pyrene 5 7 8
Benzo[b]fluoranthene 2 5 7 8
Benzo[kfluoranthene 5 7 8
Benzo[ghi]perylene 2 5 7 8
Dibenz[a,h]anthracene 5 7 8
Indeno[1,2,3-cd]pyrene 5 7 8

3 Classified based on information from literature by the rapporteur.

Table 4.1.3.  Suggested half-life classes of PAHs in  various environmental compartments.

class Half-life (h)

Mean Range
1 17 10-30
2 55 30-100
3 170 100-300
4 550 300-1000
5 1700 1000-3000 (42 -125 days)
6 5500 3000-10000 (125-420 days)
7 17000 10000-30000 (420-1250 days)
8 55000 > 30000

Classification as suggested by Mackay et al (1992).
4.2 Environmental distribution

4.2.1 Adsorption/desorption

Many studies have been performed to determine thyanec carbon-water partition coefficient
(Koc) of aromatic hydrocarbons, both mono-aromatic patycyclic compounds. A well known
relationship betweeKoc andKow is the following equation of Karickhoft al (1979) based on
experiments with 10 compounds of which 8 are ndogenated aromatic compounds, mostly
PAHSs, in three sediments:

logK e =logK,,, — 021
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Data for mono-aromatic compounds and PAHSs for sedts(Karickhoffet al 1979) but also for
soils (Karickhoff, 1981) fit well to this equatio&imilar results are presented for PAHs by other
authors by means of the most appropriate techniedlaagdet al 1998b).

Poerschmann & Kopinke (2001) measured the partidoefficient of PAHs andh-alkanes to
dissolved humic organic matter (HOM). When thesditpan coefficients are corrected for the
percentage organic carbon in organic matter (bystaadard factor of 1.7), the resulting Iggc
values for PAHSs are in accordance with the othéa & PAHs (Table 4.2.1).

The last years, more evidence becomes availablestinption of organic chemicals into soils and
sediments can be better described by a two-phaskelnibhis model assumes that two main types
of organic carbon exist: amorphous organic carlvath a linear sorption, and black carbon (or

carbonaceous geosorbents) with non-linear (Frecimdéiorption (Cornelisseet al 2005). A model

to describe a two-phase system is that of BuchelGéstafsson (2000) and Accardi-Dey &

Gschwend (2003):

Kem = Kpoc froc + Kac fBC[PAH]I(Dni;slt))Ived

7

m PAHs and benzene
(Karickhoff et al, 1979;
Karickhoff, 1981)

e PAHs
5 (De Maagd et al, 1998b)
. o PAHs
3 4 (Poerschmann & Kopinke, 2001)
8 o n-alkanes

(Poerschmann & Kopinke, 2001)

The upper drawn line is the selected QSAR
for the aromatic compounds (Karickhoff et
al, 1979), the lower drawn line is the
selected QSAR for the aliphatic compounds
(Sabljic et al, 1995).

l | | | | |
2 3 4 5 6 7 8

log K,,, (ClogP)

Figure 4.2.1.  Organic carbon-water partition coeffi  cients as a function of log  Kow.

From several studies (Jonker & Koelmans, 2001; Bss@t al 2004; Lohmannet al 2004;
Vinturella et al 2004) it appears that the partition coefficietatsoot-like particles (black carbon;
Kgc) are much higher than the partition coefficiemsnmalised to the total of organic carbon in the
sediment or soilKoc). These values fdkgc are a factor of 10 to 59 higher than the valuesius
the risk assessment, except from the data by Jdakarelmans (2001), which are 59 to 950 times
higher than the values used in the risk assessimainonly 3.5 to 22 times as high as K values
for amorphous organic carbon determined in the samag. Overall, the partitioning to
carbonaceous materials can be up to 60 times hitjagr the partitioning to the commonly used
organic carbon.

The relative importance of the non-linear sorptaepends on both the concentration of black
carbon and the concentration of the PAH (see Figu2e2). For more information the reader is
referred to Koelmanst al (2006). Cornelissept al (2005) state that at 10-40 % of the aqueous
solubility of a compound, black carbon has the piigé¢ to dominate sorption. De Maagd (1996)
has used concentrations of 7.5-75% of their aquseolisbilities, with aqueous solubilities ranging
from 0.137 pg/L (benzo[ghi]perylene) to 34800 pdfaphthalene). For these concentrations,
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Koelmanset al (2006) showed that both sorption to black carbad aorption to amorphous
organic matter play a role. Which of these two Borpsites is dominant depends entirely on the
concentration used and the compound used.
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Figure reproduced from Koelmans et al (2006).

Figure 4.2.2.  Fraction of organic pollutant boundt o black carbon as a function of aqueous carbon
concentration (C ), for 1%, 5%, 10% and 20% black carbon (of total 0  rganic carbon).
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Determined by Hawthome et al (2006). Sites A up to F are rural or urban (light) industrial sites with manufactured gas plants as likely PAH sources. Site G and H are rural
industrial sites with aluminium smelters as likely PAH sources.

Figure 4.2.3. Log sediment organic carbon-water par titioning coefficients ( Kqc) values for several
polycyclic aromatic hydrocarbons at different indus trial sites.
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At field-realistic amounts of 1% black carbon (ofal organic carbon), at concentrations of 1 pg/L
80% is sorbed to amorphous organic matter and 2086rbed to black carbon. Thus, for the study
of De Maagd (1996) the sorption of chrysene, bekjapranthene, benzola]pyrene, and
benzo[ghi]perylene, was not dominated by black @arb

In a study of Hawthornet al (2006) it was demonstrated that at different hisédly contaminated
sites, theKoc value of nearly all PAHs show a high degree ofiateon up to three orders of
magnitude (see Figure 4.2.3), likely as a result aiinge of carbon types having different sorption
characteristics. The loweKbc values measured were close to the ones propos&arigkhoff et

al (1979), whereas the median value was an orderagiitude higher. It was concluded that the
dependence oKoc values on the site location was significant fomsosites; however it did not
appear to be related to the likely source of PAH®Bs was illustrated by the difference between the
two sites contaminated by the aluminium smeltetser& one site had highkoc values while the
other site had among the lowé&gic values (see Figure 4.2.3). In this absence ofimmddion on the
black carbon content no relationship betweenKbg values and the black carbon content can be
made.

Koc Measured (Pom)-Koc Predicted (Karickhoff)
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Free-energy relationship calculations are following Karickhoff et al (1979). The ratio is presented for all sediments and all PAHs (from phenanthrene) presented from left to right
with increasing Kows. The median (26) is presented by a blue line. Note logarithmic scale (Ruus et al, 2007).

Figure 4.2.4. The ratio between the organic carbon:  water-partitioning coefficient (  Koc) deduced by
POM-solid phase extraction and the predicted Koc derived from Kow, using free-
energy relationship.
In order to investigate the particle affinity of A& associated with coal tar pitch, freely dissolved
PAH-fractions in sediments outside several Nordicrénium smelters were measured by the use
of polyoxymethylene-solid phase extraction (POM-jPENd sediment-water partitioning
coefficients Kq) were determined (Ruuet al 2007) . The results showed that measugdwere
much higher than predicted from free-energy refainps, following Karickhoffet al (1979) (see
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Figure 4.2.4). However, there was no clear relatigm between the black carbon content in
sediment (ranging from 0.11-5.7%) and tKgc values measured. Moreover, thec values
measured in spiked sediment from a reference sitie & relatively low black carbon content
(< 0.1%) were one of the highest. It is thereforiiadilt to interpret these data in the current
classification and labelling. The PAH concentrasidn the sediments with a high black carbon
content {.e. at the vicinity of smelter B and C) were also #igantly higher than in the other
sediments. In view of the concentration dependesasption at these sites might be less dominated
by black carbon.

In conclusion, the two-phase model may have bptedictive powers than a one-phase model (e.g.
Moermondet al 2005; Koelmangt al 2006). Research in this field is still on-goifig be able to
use this two-phase sorption model, it is importemknow the fraction of black carbon and the
fraction of amorphous organic carbon. It shouldoalse noted that the quantification of
carbonaceous materials still suffers from operati@mortcomings (Cornelisseat al 2005). Thus,
although the two-phase model seems to be an imprentover the one-phase model, in practice it
can only be used when black carbon is measured.i$hiery site-specific. Moreover, care should
be given to the fact that when partition coeffitgerior the ‘pure’ organic carbon phases are
combined, this exceeds the actual, experimentathasured sorption. Thu&gc values for pure
black carbon are not necessarily valid unidesitu conditions, probably due to attenuation effects
by dissolved organic matter molecules (Koelmanal 2006).

For the purpose of the CLH-report the one-phaseetinas proposed by Karickho#t al (1979),
which incorporates field-derived sediments with taies of all types of organic carbon (including
both black carbon and amorphous organic carbon)sésl to derive ‘generaKoc values for the
different PAHs (see Table 4.2.1).

Table 4.2.1. The log Koc for the 16 EPA-PAHS.

Compound Log Kow Log Koc?
Naphthalene 3.34 3.13
Acenaphthene 4.00 3.79
Acenaphthylene 3.62 3.41
Fluorene 422 4.01
Anthracene 4.68 4.47
Phenanthrene 4.57 4.36
Fluoranthene 5.20 4.99
Pyrene 4.98 477
Benz[aJanthracene 5.91 5.70
Chrysene 5.81 5.60
Benzo[a]pyrene 6.13 5.92
Benzob]fluoranthene 6.12 5.92
Benzok]fluoranthene 6.11 5.90
Benzo[ghi]perylene 6.22 6.01
Dibenz[a,h]anthracene 6.50 6.29
Indeno[1,2,3-cd]pyrene 6.58 6.37

3 Values are based on the equation of Karickhoff et al (1979).

Factors influencing the sorption and bioavailapitit PAHs

Aging

The residence time of PAHSs in soil and sedimersty akferred to as aging, will alter the sorption
and in concomitance with the bioavailability (Alexker, 1995; Belfroidet al 1996; Whiteet al

1997; Chung & Alexander, 1998; Nawet al 1998; Tang & Alexander, 1999). Studies with
sediment showed that when freshly spiked PAHs aozemeadily desorbed and thus more
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bioavailable than PAHs from aged sediments (Kukko&elLandrum, 1995; Chung & Alexander,
1998). Landrumet al (1992) observed that sorption of pyrene and phiinamne increased with
increasing residence time (in order of months)fBal et al (1996) hypothesized that sediment and
also soil can be considered as more-compartmernérsgs in which the organic contaminant
partitions between interstitial water and seve@hpartments in the sediment/soil particles. The
molecules bound to the particles will become aWddlaonly after diffusion into the interstitial
water, which is biphasic process with a rapid aitiesorption phase followed by a slow phase. The
impact of this slow desorption process seems toease with increasing residence time of the
contaminant in soil and sediment. Several studigbcate that bioavailability decreases with
increasing residence time, resulting in a reductainbioaccumulation in benthic organisms
(Landrumet al 1992; Harkeyet al 1994; Harkeyet al, 1995). However, the extent of aging differs
between soils at which the soil organic carbon eohappears to be a major determinant, as been
demonstrated by Narat al (1998) who found no aging effects in soils with @ganic carbon
content less than 2%. The low carbon content inldoation with high test concentrations could
also explain the absence of aging effects on theitp of pyrene and phenanthrene Folsomia
fimetaria (Sverdrupet al 2002). Since the standard soil according to tbeTE&SD has a organic
carbon content of 2% and the fact that aging isiffitgently quantifiable, aging is as yet not
considered in the classification and labelling.

Relationship between sorption and the bioavailapiif PAHS

As mentioned above, the origin of the organic carttowhich the PAHs are associated may have
its influence on the partition coefficients and tkieetic rate of desorption. In this way, strong

sorbing carbonaceous materials may limit the bidalb#ity of PAHs to soil and sediment species

more than amorphic organic carbon on average desgrecially the role of carbonaceous materials
such as black carbon, coals and kerogen is sulmidiscussion. This has been reviewed

extensively by Cornelissest al (2005) and Koelmanst al (2006).

The higher partition coefficients to black carbadicate that soot-like materials may have a major
influence on the bioavailability to soil and sedimhespecies. However, the implication for
classification and labelling of coal tar pitch igfidult to interpret. With respect to the emission
from the aluminium production (including paste @egiion and anode baking), all of the 2-, 3- and
part of the 4-ring PAHSsi.e. fluoranthene and pyrene) are mainly emitted in ¢aseous or
dissolved form, whereas the 5-rings and some 44AA#ls {.e. benz[a]anthracene and chrysene)
are mainly bound to particles. The effect of thepion on carbonaceous materials on uptake of
PAHs by biota is still unclear. Where some studsesw that uptake of PAHs is significantly
decreased in the presence of carbonaceous matetiaéss show that this effect is not present or
negligible (see below).

Ghoshet al (2003) determined for two field sediments desorptand biodegradation of PAHs.
Various types of carbonaceous materials were picked of these sediments, and for these
individual types of black carbon also desorptiod biodegradation of PAHs was determined. They
conclude that PAHs present in coal tar pitch wererenbioavailable than PAHs sorbed to
carbonaceous materials such as coal, coke andogthaRAHs associated with the black carbon
fraction were not available for biodegradation, hPAHs associated with coal tar pitch were
available for biodegradation. Differences in biodetation between the two sediments were
explained by a difference in PAH desorption ratesif organic carbon fractions. Finally they show
that even in the presence of black carbon, PAHs mayain primarily associated with original
source materials such as coal tar pitch and mayva#able for microorganisms for biodegradation.

In the effect of activated carbon on the bioavalitybof organic compounds was investigated by
Zimmermanet al (2004) and Millwardet al (2005), which measured accumulation of PCBs from
sediment for polychaete®¢anthes arenaceodentatand amphipodsLéptocheirus plumulosys

In 29 day accumulation experiments it was showh@haonths after the addition of 3.4% activated
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carbon to sediment, bioaccumulation is reduced & forN. arenaceodentatand with 75% for

L. plumulosus Water concentrations and accumulation in senmapable membrane devices
(SPMDs) were reduced in the same order of magnitiitievever, while the reduction of
bioaccumulation was very clear for activated carlibe addition of the same amount of coke did
not have any effect on bioaccumulation, althougteweoncentrations were reduced with 38-64%.

Zimmermanet al (2005) tested the effect of the addition of diéigramounts of activated carbon on
field sediments on water concentrations and accationl in SPMDs. After one month of
equilibration, water concentrations were reduced8ii$6 in the sediments treated with 1.7%
activated carbon. More activated carbon did noticedhe water concentrations further. However,
uptake of PAHs by SPMDs was further reduced wittraasing activated carbon content: at 3.4%
activated carbon SPMD accumulation was reduced 90&. No uptake in biota was measured for
PAHSs, but for PCBs in the same study bioaccumulalipN. arenaceodentatandL. plumulosus
was reduced with 93% and 90% respectively, at adfvated carbon addition.

McLeod et al (2004) reported the effect of sorption of benzoya¢ne on various types of organic
carbon on bioavailability through food uptake fdretclamMacoma balthica The absorption
efficiency was 41% when diatoms were added as ganic carbon source, and decreased in the
order of diatoms > wood > char > anthracite > peatoke > activated carbon. For coke and
activated carbon, the absorption efficiency way dil%e and 2%, respectively.

Several experiments show that despite the effecttasbonaceous materials on sorption to
sediments, bioavailability does not seem to deeresagnificantly with increasing black carbon
content. From experiments with eight marine bentimwertebrates Girriformia grandis
Clymenella torquataMacoma balthicaMulinia lateralis, Mya arenarig Nereis virensPectinaria
gouldii, and Yoldia limatulg it appeared that, normalised to organic carbdoadzumulation
factors of PAHs (1-methylfluorene, phenanthreneiofdnthene, benz[a]anthracene, chrysene,
benzo[a]pyrene, and 7-methylbenzo[a]pyrene, l-nielignanthrene, and 3,6-dimethylphenan-
threne) were not significantly influenced by theesmdment of the sediment with soot, from diesel
exhaust. Median ratios between accumulation withh &ithout soot were only 1.3. The authors
consider it as surprising that significant bioacalation occurs of PAHs from sediments amended
with high levels of soot (1.9% by weight), but th&tate that this might be explained by digestive
exposure to soot-bound PAHSs. It is concluded theamnot be assumed that soot-bound PAHs are
not available to benthic species or that thereusitorm reduction in bioavailability for all berith
species. Other sources of soot than diesel exharstnot investigated (Rust al 2004a).

In a second study by Rust al (2004b) the effect of coal dust, tire rubber, diesoot, creosote,
crude oil, and fuel oil on the bioaccumulation oAH® to three marine benthic invertebrates
(Cirriformia grandis Clymenella torquataandMacoma balthica was studied. Except from coal
dust, the normalised bioaccumulation factors (BAWs)e within a factor of two for the studied
PAHs (1-methylfluorene, phenanthrene, 1-methylphtémwane, 3,6-dimethylphenanthrene, fluor-
anthene, pyrene, chrysene, and benzo[a]pyrend)riosa all cases. Log BAF values ranged from
about -1 to +0.5.

Also for the saltwater deposit feedéereis succine@ was concluded that the presence of soot had
less influence on the bioavailability of benzo[ajye than on the desorption from sediment
(Lamoureux & Brownawell, 2004). In another studpdiailability seems to be strongly reduced
but concentrations in organisms were not direatinpared to sediment concentrations (Vinturella
et al, 2004). Further, the effect of black carbon fraeidf sediments on the bioaccumulation by the
amphipodMonoporeia affinisvas studied (Sundeliet al 2004). Although it is mentioned that the
content of black carbon (ranging 0.13 to 0.45%) &asnfluence on the bioaccumulation, a closer
look at the data reveals that for the six spikedHBA(phenanthrene, pyrene, fluoranthene,
benz[a]anthracene, benzo[a]pyrene, and benzo[ghlgre) this is only the case for phenanthrene.
For the six compounds log lipid normalised BAF wsuange from -2 to 0.67.
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In order to investigate bio-availability of PAHssasiated with coal tar pitch, Rues$ al (2007)
evaluated in the same study as mentioned abovéitaEcumulation of PAHs from sediments
outside several Nordic aluminium smelters in a mesm experiment using the polychabtereis
diversicolor, the gastropodlinia reticulataand the bivalvéNuculoma tenuis

The biota-sediment accumulation factors (BSAFs) sue=d forNereis diversicolorand Hinia
reticulata were very similar to BSAFs expected based on théfl@duced sediment-water
partitioning coefficients (see Figure 4.2.5), Imtrast, the expected biota concentrations caladilate
from the Karickhoffet al (1979) free-energy relationship, sediment conegioins and BCFs
corresponded not as good with the concentrationmby measured in these species.

The good correspondence with the POM-deduced ipaitiy coefficients was not observed for
Nuculoma tenuisin which higher PAH concentrations were measutéere the PAH profiles
(relative concentrations of PAH compounds) show&dnger resemblance to the sediments
(relatively higher concentrations of higher moleculeight compounds).

It was argued that logistical intractabilities cented to this species biology and size rendered it
probable that particulate sedimentary matter comatad theN. tenuistissues samples. According
to the authors, it would seem less likely that diféerence between the other species is due to
differences in metabolism and elimination rateswigeer, in order to draw any conclusion more
information is needed on the exposure routes artdbubc transformation capacities of the species.
For Nereis spit is known that they are able to metabolize PAHSs.

It should also be noted that the degree of vanatim not significantly decline when the “POM-
predicted” biota concentrations were compared écatttual measured concentrations in the species.
If the “POM method” would be a measure for the t@ahvailability, we would expect the variation
among sediments to be lower for the POM-based asbms than when Karickhoff-based
estimations are used. Furthermore, the measurecentation in biota is even lower than what
would be expected with POM-based estimations. Thisld indicate that other processes than
bioavailability (like metabolic transformation!)sal play a role in these low BSAFs.

Summary

Several studies indicate that bioavailability deses with increasing residence time. The extent of
aging seems to be dependent on the organic cadmaerd. As no ageing effect was found at an
organic carbon content of standard soil (2%) ared ftt that this phenomenon is insufficiently
quantifiable, aging is not considered in the classion and labelling.

The adsorption and desorption of PAHs to carbonazeuaterials can show a high degree of
variation, likely as a result of the origin of theganic carbon to which the PAHs are associated.
Consequently, strong sorbing carbonaceous matenajslimit the bioavailability of PAHs to soil
and sediment species. However, the implicatiorckassification and labelling of coal tar pitch s a
yet difficult to interpret. In addition, the effeof the sorption on carbonaceous materials on eptak
of PAHs by biota is still unclear. Where some stsdshow that uptake of PAHSs is significantly
decreased in the presence of carbonaceous matetiaéss show that this effect is not present or
negligible.

Based on these considerations and the uncertaimmigBis topic the eventual binding to soot-like
materials is not taken into account in the clasation of CTPHT.
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From top to bottom: Nereis diversicolor, Hinia reticulata and Nuculoma tenuis. Medians are presented by blue lines. Note different scales (logarithmic) on the figures (Ruus et
al, 2007).

Biota to sediment accumulation factors (BSAFs) calculated from the POM-SPE deduced sediment-water partitioning coefficients, Kows and the organic carbon normalized
sediment PAH-concentrations. The actual measured BSAFs are calculated from the lipid normalized concentrations in the organism and the organic carbon normalized
concentrations in the sediments; The “Karickhoff-predicted” BSAF=1.62.

Figure 4.2.5. The ratio between the “POM-predicted” biota to sediment accumulation factors and
the actual measured BSAFs (left), and the ratio bet ween the “Karickhoff-predicted”
biota to sediment accumulation factor, and the actu al measured BSAFs (right).
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4.2.2 Volatilisation

The Henry law constants for PAHs rank from 49 Pamul for naphthalene to 0.007 P&/mol for
dibenz[a,h]anthracene (see Table 1.3.4). Volatibmaplays a significant role in surface water and
it depends on temperature, water movement, windtla@anolecular size of the PAHs. Especially
for naphthalene and the 3-ring PAHSs volatilizatissignificant (Southworth, 1979).

Under field conditions the following observation neemade: For the Dutch big rivers the Rhine,
Meuse and IJssel the half-lives of PAH have bedoutsted in two extreme cases: (a) a slow-
moving river (0.14 m/s) at a wind velocity of 2 nf&pproximately Force 2) and (b) a fast-moving
river (1.7 m/s) at a wind velocity of 20 m/s (apgroately Force 9). The average depth of water
was put at 5 m and the water temperature &tCLIFor naphthalene and benzo[a]pyrene the half-
lives for volatilization are in situation (b) 0.4 420 hours, respectively. At comparatively low
temperature the Henry coefficient decreases whedteahalf-lives increase (Sloo#t a| 1989).
Naphthalene was volatilized from soil at a rat8@% after 48 hours, with negligible loss of PAH
with three or more rings (Pa& al 1990).

For the classification of CTPHT the Henry’s law stants shown in Table 1.3.4 were used.

4.2.3 Distribution modelling

The distribution of the 16 EPA-PAHs in sewage tmesait plants has been calculated using the
model SIMPLETREAT integrated to EUSES (EU, 2008agdd on th&oc values and the Henry’s
low constants presented in Table 4.2.1 and Tal8et41respectively. They are presented as an
example in Table 4.2.2.

Table 4.2.2. Estimation of removal of the 16 EPAin  a sewage treatment plant.

PAH compound % to air % to water % to sludge % degraded % removal
Naphthalene 38.7 47.2 12.6 1.5 52.8
Acenaphthene 11.0 474 40.3 1.3 52.6
Acenaphthylene 12.4 62.8 229 1.8 37.2
Fluorene 5.7 416 52 0.3 58.4
Anthracene 15 25.2 73.1 0.2 74.8
Phenanthrene 1.6 29 69.2 0.2 71.0
Fluoranthene 0.1 14.3 85.5 0.1 85.7
Pyrene 0.3 18 81.7 0.0 82.0
Benz[aJanthracene 0.0 9.3 90.7 0.0 90.7
Chrysene 0.0 9.6 90.3 0.0 904
Benzo[a]pyrene 0.0 8.8 91.2 0.0 91.2
Benzo[b]fluoranthene 0.0 8.8 91.2 0.0 91.2
Benzo[k]fluoranthene 0.0 8.8 91.2 0.0 91.2
Benzo[ghi]perylene 0.0 8.7 91.3 0.0 91.3
Dibenz[a,h]anthracene 0.0 8.3 91.7 0.0 91.7
Indeno[1,2,3-cd]pyrene 0.0 8.3 91.7 0.0 91.7

Values according to EUSES 2.0.
4.3 Bioaccumulation

4.3.1 Aquatic bioaccumulation

Accumulation of PAHs from water is strongly depemiden the physicochemical properties of the
compound and the species exposed: the rates omataiion and elimination generally decrease
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with increasing molecular weight (correspondincatower solubility). Different factors linked to
animal behaviour and characteristics influence ketand accumulation of PAHSs, such as
biotransformation, size of the organism, avoidamiehighly contaminated sites, burrowing
behaviour, density of the organism population aidupbation. Metabolism may be very important
in explaining PAH accumulation patterns. It is scpd that high molecular weight PAHs
(HPAHs) are more rapidly metabolized than low molac weight PAHs (LPAHs) due to
differences in enzyme affinity (Schneit al 1980). PAHs are metabolized by the phase | engyme
of the mixed function oxygenase system (MFO) to enbiydrophilic products like phenols,
dihydrodiols, quinines and epoxides (Lech & Vodicrii985; Sijm & Opperhuizen, 1989). Some of
the PAHs can be excreted directly as unconjugatéar pnetabolites in bile (via the gallbladder),
but most PAH will be excreted after conjugation fiyase 1l enzymes (Vermeulen al 1992).
Molluscs have a very limited ability to metabol2&Hs, while in algae and oligochaete worms no
evidence of PAHs metabolism has been found. Althopglar metabolites of PAHs are excreted
rapidly to water, some metabolites are releasedenstowly than the unmetabolized parent
compounds (Sloofét al 1989).

Other important behavioural aspects that influebmmavailability and uptake of PAHs are life
history and the feeding strategye. whether an organism is a suspension feeder, ssddpeder, a
herbivore browsing on particle surfaces, or a pi@d@d.eppanen, 1995; Kaagf al 1997). Owing

to their greater ingestion rates, deposit feedensl to accumulate more PAHs than suspension
feeders. Parkerton (1993) concluded from an extenitierature study that organic carbon- and
lipid-normalised BSAF levels in filter feeders, dsg feeders, and omnivores were not similar.
Although the scatter within the groups was consilller, the general pattern revealed that BSAFs
for deposit feeders comprising oligochaete andgiagte worms were slightly higher. Also a study
with two types of bivalves showed that the depéséding tellinid clams Mlacomona liliana
accumulated higher PAH levels than the suspensiediig cocklesAustrovenus stuchbujyand
oysters Crassostrea gigds BSAFs deviated by one to three orders of mageitfrom the
predicted equilibrium BSAF value of 1.7 (Hickey al 1995). Another study with the infaunal
amphipodRhepoxynius abroniuthat does not ingest sediment, and the infaunpbsle feeding
polychaeteArmandia brevisfound similar accumulations of the LPAHs by theotapecies but
substantially more accumulation of HPAHs by theypbhete (Meadoet al 1995). The results of
this study suggest that deposit and non-depoditifigeinfaunal invertebrates will acquire most of
their body burden of LPAHSs through pore water, rdigss of feeding strategy. Experimental and
fitted BCFs provided evidence that the uptakelfioambriculus rubelluof PAHs with logKow < 5

is mediated through direct contact with the solyiilase. For PAHs of higher ld&w, the dietary
uptake may provide an additional route of exposhe will not exceed 10% of the total uptake in
earthworms (Belfroicet al 1994).

Recently, bioaccumulation studies of the 16 EPA-BAsteTable 1.2.1) in aquatic organisms were
extensively evaluated (Bleeker & Verbruggen, 2008)e key studies from this evaluation are

summarized in Table 4.3.1. For naphthalene, acé¢hapb, acenaphthylene and fluorene
invertebrates showed lower BCF values than fishnstable 4.3.1 only fish data are included. For
the other PAHs also data on molluscs and crustacesnincluded (if available), because

considerable differences were found for the diffierdest species due to differences in

biotransformation capabilities.
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Table 4.3.1 Summary of highest reliable BCF values  for the 16 EPA-PAHS.

Substance BCF value BCF value (5% Species Type b) Reference ®
(WW) lipid norm.) ®
Naphthalene? 999 515 Cyprinodon variegatus (Fish) Kin. (Jonsson et al, 2004)
Acenaphthene’ 60 000 Cyprinus campio (Fish) ~ Equi  (RUTI, 19908)
Acenaphthylene’ 87 509 Cyprinus campio (Fish) ~ Equi  (RUT, 19906)
9HAuorene? 1459 1658 Pimephales promelas (Fish) ~ Kin.  (Carlsonetal, 1979)
Anthracene - 973 0 Pimephales promelas (Fish) ~ Equi.  (Hall & Oris, 1991)
-3 19000 Perna viridis (Mollusc) Equi.  (Richardson et al, 2005)
39727 210989 Pontoporeia hoyi (Crustacean)  Kin. (Landrum, 1988)
Phenanthrene w11 a5t Pimephales promelas (Fish) ~ Kin.  (Carlsonetal, 1979)
28043 148939 Pontoporeia hoyi (Crustacean)  Kin. (Landrum, 1988)
Fluoranthene 2439 a2 Pimephales promelas (Fish) ~ Kin.  (Carlsonetal, 1979)
-3 12250 Perna viridis (Mollusc) Equi.  (Richardson et al, 2005)
58884 -9 Diporeia spec. (Crustacean) Kin. (Schuler et al, 2004)
Pyrene 1297 ue Pimephales promelas (Fish) ~ Kin.  (Carlsonetal, 1979)
-3 12250 Perna viridis (Mollusc) Equi.  (Richardson et al, 2005)
166000 881579 Pontoporeia hoyi (Crustacean)  Kin. (Landrum, 1988)
Benzfajanthracene %0 -9 Pimephales promelas (Fish) ~ Equi.  (De Maagd ef al, 1996a)
63000 334579 Pontoporeia hoyi (Crustacean)  Kin. (Landrum, 1988)
Chysene 68 -1 Daphnia magna (Crustacean) ~ Equi.  (Newsted & Giesy, 1987)
Benzofalpyrene 68 - Lepomis macrochirus (Fish) ~ Kin.  (Jimenezetal, 1967)
1910009 119375 Dreissena polymorpha (Mollusc) ~ Kin. (Gossiaux et al, 1996)
73000 387689 Pontoporeia hoyi (Crustacean)  Kin. (Landrum, 1988)
Benzopjfuoranthene - - No experimental data available - -
Benzofioranthene 13225 -0 Daphnia magna (Crustacean)  Equi.  (Newsted & Giesy, 1967)
Benzofghilperylene 28288 - Daphnia magna (Crustacean)  Equi.  (Newsted & Giesy, 1967)
Dibenzfa bjanthracene 50119 - Daphnia magna (Crustacean)  Equi.  (Newsted & Giesy, 1987)
Indenof1,2,3-cdlpyrene  ~ - No experimental data available - -

3 BCF values are normalized to organisms with a lipid content of 5%. ) Kin.: kinetic BCF value (ki/kz); Equi. BCF value at (assumed)
equilibrium (Corganism/Cwater).

") For these compounds invertebrates showed lower BCF values than fish, show only fish data are given. 2 In this study no lipid content
was given, but based on lipid contents in fathead minnows reported by Carlson et al (1979) lipid content is expected to be 5 — 6 %, which
would result in lipid normalized values ranging from 4100 — 5000. 3 In this study only lipid-based BCF values were given, but lipid content
itself was not reported 4 In this study lipid content was expressed only as percentage of dry weight (35%). In addition the ratio between
total wet weight and dry weight was given (0.269). For lipid normalization it was assumed that the same ratio holds for lipids, resulting in a
lipid content of 9.4% based on wet weight. 9 In this study no lipid content was given, but for a lipid normalized value to fall below the trigger
value of 500 the lipid content needs to be 590%, which is impossible. & In this study no lipid content was given, but for a lipid normalized
value to exceed the trigger value of 500 the lipid content needs to be 2.6% or lower, which seems to be unrealistically low To fall below the
trigger value of 100 the lipid content needs to be 13% or higher, which is also not likely. 7 In this study no lipid content was given, but Liu et
al (1996) report lipid contents in Daphnia magna ranging from 4 — 6%, suggesting that a lipid normalized BCF value will be similar to the
wet weight value. If the lipid content is higher than 61%, the normalized BCF value will be below 500, but such a lipid content is highly
unlikely.® In this study no lipid content was given, but for a lipid normalized value to exceed the trigger value of 500 the lipid content needs
to be 6.1% or lower. 9 Higher BCF values were reported, but this is the highest value for which lipid normalization could be applied. 10 In
this study no lipid content was given, but for a lipid normalized value to fall below the trigger value of 500 the lipid content needs to be
130%, which is impossible. ™ In this study no lipid content was given, but for a lipid normalized value to fall below the trigger value of 500
the lipid content needs to be 280%, which is impossible. 2 In this study no lipid content was given, but for a lipid normalized value to fall
below the trigger value of 500 the lipid content needs to be 500%, which is impossible.
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4.3.2 Terrestrial bioaccumulation

According to the Technical Guidance Document (EQQ3), the bioconcentration in earthworm can
be described as a hydrophobic portioning between pbre water and the phases inside the
organism. This equilibrium partitioning approachnclbe modelled according to the following
equation as described by Jager (1998):

BCFe = (0'84+ 0'Olz<ow)/pearthworm

arthworm —

where forpearthwormPy default a value of 1 (kg+/L) can be assumed.

The feasibility of this QSAR for bioconcentratiohRAHs in earthworm is evaluated by Jageal
(2000). Eisenia andreiwere exposed to artificial soil spiked with seradsphenanthrene, pyrene,
fluoranthene and benzo[a]pyrene concentrationsa® the concentration in the organisms did
not reach a steady state, the BCF were expresseghigally as ratio of the uptake and elimination
rate constants. The BCF were slightly higher thgmeeted from the QSAR which might have been
a feature of PAHSs in particular but was considemede likely caused by experimental errcegg(a
slightly overestimated sorption). The BCF basedtlmm elimination rate constanks from the
accumulation phase agree much better with the ¢éage@lues, thereby indicating thatfrom the
depuration experiment was erroneously low. Jaged (2003) also determined the BCF values of
PAHs in E. andreiexposed to field contaminated soils. Both the Bl BSAF values were
generally lower than the equilibrium partitioningtienate (on average a factor of 11) and also lower
than the maxima observed in spiked artificial soddium. Maet al (1998) even found on average a
factor of four lower values for PAHs ltumbricus rubellusHowever, the actual concentration that
the field-collected earthworms had been exposed twt easily reconstructed. It was postulated
that the kinetics of depletion of pore water PAldad the kinetics of their replenishment, have
influenced the accumulation patterns and the ststatg body residues. Jaget al (2003)
concluded that the equilibrium partitioning approa@an be considered to estimate the maximum
amount that can be taken up, but the total vanaitobody residues and uptake kinetics may be
driven by differences in assimilation efficienclestween soils, as well as differences in desorption
kinetics of PAHs from soils. As a reasonable waate subsequent BCF values for the selected
PAHSs are used for the classification and labellimlgich are given in Table 4.3.2.

Table 4.3.2. Calculated BCF values in earthworm.

Compound Log Kow BCF 2
Naphthalene 3.34 27
Acenaphthene 4.00 120
Acenaphthylene 3.62 51
Fluorene 4.22 200
Anthracene 4.68 580
Phenanthrene 4.57 450
Fluoranthene 5.20 1900
Pyrene 4.98 1200
Benz[a]anthracene 5.91 9800
Chrysene 5.81 7800
Benzo[a]pyrene 6.13 16000
Benzolb]fluoranthene 6.12 16000
Benzo[kfluoranthene 6.11 15000
Benzo[ghi]perylene 6.22 20000
Dibenz[a,h]anthracene 6.50 38000
Indeno[1,2,3-cd]pyrene 6.58 46000

3 Calculations based on the equation described in the Technical Guidance Document (EU, 2003).
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While the equilibrium partitioning model is applida for the earthworm-soil system, in which the
BSAF is independent of the Id§ow, the BSAFs for the isopod3orcellio scaberand Philoscia
muscorum are clearly negatively correlated with the lé&gpw. It appears that earthworms
accumulate higher concentrations of PAH than isep&tild sampling of three species of isopods
and an earthworm species from PAH-contaminated sit®wed that earthworms accumulated one
to two order of magnitude more PAHs than the issp@dan Brummelenet al 1996). The
deviation from the equilibrium partitioning modedrcbe explained via non-equilibrium conditions:
(a) metabolism of PAHSs, (b) limited contact amohg tompartments.g. through a lack of pore
water abundance or through physical boundariessfeteton in isopods) or (c) restricted contact
with soil (Van Brummeleret al 1996).

4.3.3 Summary and discussion of bioaccumulation

Almost all EPA-PAHs show BCF values for fish abdfe criterion for bioaccumulating potential
of 500 for Regulation EC 1272/2008 (EU, 2008b), whkealues are corrected to a standard fish with
a lipid content of 5%, although values for acenhpleine and benzo[a]pyrene are close to this
criterion. Due to uncertainties in lipid contentfish, lipid normalized values for benz[a]anthraeen
and benzo[a]pyrene are not certain, but are likelfall between 100 and 500. Consequently BCF
values for all EPA-PAHSs are above the criteriomfrBU Directive 67/548/EEC (EU, 1967).

4.4 Secondary poisoning

There are several indications that biomagnificabb®AHs does not occur in both the aquatic and
terrestrial environment, partly being the resulttbé relatively high rates of metabolism and
excretion of PAHs in vertebrates and some inveatelsr(Neff, 1979; Bromaet al 1990; Clements
et al 1994; Suedelet al 1994). Although some primary consumers and dedritgs may
accumulate high levels of PAHSs, predators usuatigtain low levels (Niimi & Dookhran, 1989;
Hellou et al 1991; Lemaireet al 1993; Clementgt al 1994). This phenomena of biominification
(process of decreasing concentrations with rishogltic levels) is also observed in extensive
biomonitoring studies on aquatic organisms in thenB-Meuse estuary, with the highest PAH
concentrations found in aquatic plants, oligochsetisopods and freshwater clams, lower
concentrations in other molluscs and chironomid$ eancentrations below the detection limits in
roach and liver of 7 week-old cormorant chickensdieg on roach and other cyprinids (Van
Hattumet al 1993; Den Besteat al 1995; Van Hattunet al 1996; Van Hattunet al 1998).

Although biomagnification of PAHs is not expected food webs involving fish, species from the
lower trophic levels that are not able to effedyivmetabolize these compounds may exhibit food
web transfer. Predatory molluscs and polychaetatsgtey on the other polychaetes and molluscs
would likely have higher PAH tissue residues th#imeo similar species that only ingest sediment
(Meador, 2003).

Food web transfer of PAHs metabolites is anothea ahat has received little attention. Even
though parent PAHs may not be biomagnified, prescss may contain high levels of metabolites
that could be accumulated by predators. This wasiaxed by McElroy & Sisson (1989), who fed
polychaetes Nereis vireny containing benzo[a]pyrene and accompanying métaboto winter
flounder Pseudopleuronectes americahasd found that fish had accumulated the metasolit
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5 HUMAN HEALTH HAZARD ASSESSMENT

The database on human health hazards induced bHCT$rather limited, and it is, therefore,
hardly possible to perform a full effect assessnientill the required endpoints. There is, though,
quite some information from epidemiological studas workers in specific industrial processes
where CTPHT is produced and/or used, that indittetecarcinogenicity is a hazard associated with
CTPHT (see Section 5.8.4). This is attributed te fgresence of PAHs in CTPHT, for which
benzo[a]pyrene has been chosen as exposure inditsge Section 1 on general substance
information). For the human health effects assessnas well as for risk characterisation, these
worker population studies, therefore, are very intgot. Because of the rather different scenario-
specific CTPHT-PAH profiles, these data were omldjyn grouped per scenario, using
benzo[a]pyrene as a scenario-specific effect indicaHowever, as is indicated in Section 5.8.4,
such a scenario-specific approach appeared onkitgegor the aluminium smelter industry.

In addition, the scarce data from experimental issudising CTPHT and related substances, and
additional relevant literature were evaluated Fer below section.

In October 2006 CTPHT was discussed in the TC C&ke(Annex IlI). In this discussion the
classification of CTPHT for several non-CMR hazafdsses has been agreed. In addition it was
agreed to classify CTPHT as a category 1 carcin@yehas a category 2 mutagen and reprotoxic
compound. In this light, additional classificatioits non-CMR hazard classes have limited added
value. Therefore, no classification is proposednimn-CMR health classes and these endpoints are
not further discussed in this document.

5.1 Toxicokinetics (absorption, metabolism, distribution and elimination)

No data were available which allow a quantitativaimeation of absorption of CTPHT from
inhalation, dermal, and oral exposure. The absumptf those components that are considered
relevant with regard to the critical toxicologicefifects is, of course, of utmost importance. The
absorption is different for the different toxicologlly relevant components of CTPHT, as
illustrated by different absorption rates for diffat non-particle-bound PAHs. Due to the variable
physical form and composition of CTPHT and CTPVHE predictive value of absorption studies
conducted with non-particle-bound PAHSs is limitédsorption after inhalation of particle-bound
PAHs depend on patrticle size, the smaller the glagti the more extensive the PAH elute from the
particles. Oral and dermal absorption of PAHs frewtid CTPHT is probably low compared to the
absorption of PAHs from CTPVHT and fine dust, do¢hte binding of PAHSs in the pitch matrix of
solid CTPHT. Based on the calculated dermal abswrpaf ten different PAHs from dermally
applied coal tar to pig-ears (ranging from 1 % t80%6; Van Rooijet al 1995) a dermal absorption
of PAHs from CTPHT of 30% is proposed as worst casitmate. Based on these data a dermal
absorption of 30% is taken forward to classificatemd labelling.

Since quantitative data on the absorption of PAldsnfCTPHT and CTPVHT after inhalation and

oral exposure are lacking, default values for giitsmm can be used (EC, 2003): for CTPHT default
values of 100% (in this case) may be used for gibisor of critical components via inhalation and

oral exposure. Although these default values apbalrly too high, especially for the absorption of
PAHSs from solid CTPHT, it is not possible to quéinthe extent of this likely overestimation of the

inhalation and oral absorption rates.

5.2 Acute toxicity

Not relevant for this CLH-report.
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53 [rritation

Not relevant for this CLH-report.

5.4 Corrosivity

Not relevant for this CLH-report.

5.5 Sensitisation

Not relevant for this CLH-report.

5.6 Repeated dose toxicity

Not relevant for this CLH-report.

5.7 Mutagenicity

In vitro andin vivo genotoxicity tests with CTP or CTPV are summarisediable 5.7.1 and Table
5.7.2, respectively.

5.7.1 Invitro data

In vitro: bacteria, yeast and mammalian cells

CTP was mutagenic isalmonella typhimuriunstrain TA98 when tested in the presence of a
metabolic activating system. Negative results wareined when tested without S9 or in strain
TA100 both with and without S9. The doses testedeviz 0.05, 0.25, 2.5, and 5 mg/plate. The
results were confirmed by a second trial (Solorzeina, 1993).

Referring to papers presented at congresses, Seflgmbal (1980) stated that cyclohexane extracts
of dust samples collected from different work plsased foundries-amongst others those using
CTP-showed mutagenic activity 8. typhimuriunstrains TA98 and TA100 in the presence of an
S9 liver metabolic activating system. The mutageattvity did not directly correlate with the
benzo[a]pyrene concentration in the samples (ne@rdetails presented; Schimbergal 1980).

Condensates of fumes generated from CTP by hebdfig samples to 232 or 316°C were strongly
mutagenic when tested B typhimuriunstrain TA98 in the presence of an induced hanister

S9 mix. The condensate generated at 316°C had agenit index 2 to 3 times higher than that
generated at 232°C, and contained significantihdrligconcentrations of PAH. Both condensates
contained considerably lower concentrations of PAHan the CTP from which they were
generated (Machadet al 1993).

A DMSO extract of (unspecified) CTP was found pwesitin S. typhimuriumstrains TA1537,
TA98, and TA100 in the presence of an S9 mix, whigative results were obtained when tested
without metabolic activation (IARC, 1985).

Results from testing dichloromethane extracts adfing-tar pot emissions irs. typhimurium
TA1537, TA1538, TA98, and TA100 were positive ir fhresence and negative in the absence of a
metabolic activation system. No mutagenic actiwgs seen in strain TA1535. This material-which
was characterised in the several underlying papera pitch-based tar, an asphalt tar or derived
from a CTP-was examined in a number of other tgsiems as well. Negative results were obtained
in S. cerevisiad3 (endpoint: mitotic recombination; only one centration tested) and in Syrian
hamster embryo cells (endpoint: DNA fragmentatidogth tests were performed without metabolic
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activation only. Results were positive in BALB/cI 3 cells (ouabain resistance) and in mouse
lymphoma L5178Y cells (TK‘ mutation), both with and without metabolic activat In Chinese
hamster ovary cells, the material induced a sigaifi increase in the frequency of sister chromatid
exchanges (tested both with and without S9), bumuations (tested without S9 only). Finally,
increases in morphologically-transformed foci in IB¥c 3T3 cells (both with and without
metabolic activation; not statistically significardnd in viral transformation in Syrian hamster
embryo cells (statistically significant) were foudRC, 1985).

In vitro: human body fluids

Heussneket al (1985) monitored genotoxicity in 27 smoking andrizi-smoking workers exposed
to CTPV in an aluminium reduction plant and in 28o&ing and 22 non-smoking non-exposed
workers from various other sites of this plant. &yire was not determined at the time of the
investigations, but measurements performed appraiein 10 years before showed levels of CTPV
of 0.5 to 3.42 mg/rhin the anode production area. Extracts of 86 usamaples were analysed for
the presence of mutagenic substances by perfortmiogeparate assays at 2 concentratiorfs. in
typhimuriumstrains TA98 and TA100 both with and without inddcrat liver homogenates. 43
samples were from the exposed workers and an emumaber were from non-exposed workers.
Fourteen out of 43 exposed workers and 7/43 nowseg workers had mutagenic compounds in
their urine. Among the non-mutagenic samples, foxiwas observed in 15 exposed and 7 non-
exposed samples. Negative results (no mutagenitoxac response) were observed in 14/43
exposed and 29/43 non-exposed workers samplespidsence of toxic urines complicates the
interpretation of the results. The difference intagenic compounds in urine between exposed and
non-exposed workers was statistically significdribkic urines were not included (p<0.01). If the
toxic urines are pooled with the non-mutagenic esirthe significance level drops (p<0.08).
However, if the toxic urines were combined with thetagenic urines, the observed difference is
highly significant (p<0.002). Cigarette smoking wekated to urine mutagenicity in similar ways in
both the exposed and non-exposed workers. Amondersoincidences of mutagenic urine were
10/23 and 6/19 in exposed and non-exposed work&B.15), respectively; among non-smokers,
4/20 and 1/24, respectively (p<0.05) Overall chreome aberration rates in lymphocytes were
similar in both exposed and non-exposed workersognexposed workers a significant inverse
correlation (p<0.05) between age and chromatidrabien rate was observed. Results of semen
analysis failed to detect differences between eagpand non-exposed workers (Heusseieal
1985).

In its review on selected non-heterocyclic polyaychromatic hydrocarbons, WHO (1998)
summarised studies in which the mutagenicity oheidf persons exposed to polycyclic aromatic
hydrocarbons has been testedSintyphimuriumstrains TA98 or TA100 both with and without
metabolic activation. Frequently, several urine glas from both exposed and control persons
appeared to be too toxic to allow evaluation of tingtagenic potential. In most of the studies of
workers exposed during activities such as cokingal dar distillation, work in aluminium
(Sederberg potrooms), anode, and graphite elecpiaahes, the results were negative. Only in cases
of heavy exposure (patients with psoriasis to t¢aalapplications; workers at coke ovens or in a
carbon plant) positive results were obtained. Iditamh, expectorate from workers in a coke and
UK in a aluminium (Sgderberg potrooms) plant wexported to be positive when tested in the
presence of a metabolic activating systemSintyphimuriumstrains TA98 and TA100 (WHO,
1998).
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Table 5.7.1.  Genotoxicity of CTP or CTPV in vitro.

Assay Compound Species Result Reference
Bacteria

Bacterial gene CTP S. typhimurium ~ Positive +S9 in TA98, (Solorzano et al,

mutation test

Bacterial gene
mutation test

Bacterial gene
mutation test

Cyclohexane extracts of dust
samples in iron foundries (using
CTP)

Condensates of fumes generated
from CTP by heating to 232 or 316
‘C

(TA 98, 100) negative -S9 in TA98 and +S9

and -S9 in TA100

S. typhimurium ~ Positive +S9
(TA 98 100)
S. typhimurium ~ Positive +S9

(TA 98)

1993)

(Schimberg et al,
1980)

(Machado et al, 1993)

Bacterial gene DMSO extract of (unspecified) CTP  S. typhimurium  Positive +S9, negative -S9  (IARC, 1985)
mutation test (TA 98, 100, 1537)
Bacterial gene Dichloromethane extract of roofing-  S. typhimurium  Positive +S9in TA 98, 100,  (IARC, 1985)
mutation test tar pot emissions (TA 98, 100, 1535, 1537, 1538, negative +S9 in
1537, 1538) TA 1535 and -S9 in TA 98,
100, 1535, 1537, 1538
Yeast
Mitotoc Dichloromethane extract of roofing-  S. cerevisiae D3~ Negative without metabolic ~ (IARC, 1985)
recombination tar pot emissions activation
Mammalian cells
DNA fragmentation Dichloromethane extract of roofing-  Syrian hamster ~ Negative without metabolic ~ (IARC, 1985)
tar pot emissions embryo cells activation
Gene Mutation Dichloromethane extract of roofing-  BALB/c3 3T3 cells Positive with and without (IARC, 1985)
tar pot emissions (oubain metabolic activation
resistance)
Gene Mutation Dichloromethane extract of roofing- Mouse lymphoma Positive with and without (IARC, 1985)
tar pot emissions L5178Y cells metabolic activation
(TK*)
Sister Chromatid  Dichloromethane extract of roofing-  Chinese hamster  Positive with and without (IARC, 1985)
Exchange tar pot emissions ovary cells metabolic activation
Gene mutation Dichloromethane extract of roofing-  Chinese hamster Negative without metabolic ~ (IARC, 1985)
tar pot emissions ovary cells activation
Morphological Dichloromethane extract of roofing-  BALB/c3 3T3 cells Increase in transformed foci ~ (IARC, 1985)
transformation tar pot emissions (not statistically significant)
with and without metabolic
activation
Viral transformation Dichloromethane extract of roofing-  Chinese hamster Increase in transformed foci ~ (IARC, 1985)

Human body fluids

Bacterial gene
mutation test

Bacterial gene
mutation test

Bacterial gene
mutation test

tar pot emissions

Human urine sample, occupational
exposure in an aluminium reduction
pant to a.0. CTPV

Human urine sample, occupational
exposed during coking, coal-tar
distillation, work in Sgderberg
potrooms of aluminium plants,

anode plants, and graphite electrode

plants

Human urine sample, heavy
exposure of psoriasis patients to

coal-tar applications, and coke oven,

and carbon plant workers

ovary cells (statistically significant) with
and without metabolic

activation

Positive with and without
metabolic activation

S. typhimurium
(TA 98 100)

S. typhimurium
(TA 98 100)

Negative with and without
metabolic activation

Positive with and without
metabolic activation

S. typhimurium
(TA 98 100)

(Heussner et al, 1985)

(WHO, 1998)

(WHO, 1998)
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Assay Compound Species Result Reference
Bacterial gene Human expectorate sample, S. typhimurium  Positive with metabolic (WHO, 1998)
mutation test occupational exposed workers of ~ (TA 98 100) activation

coke plant and aluminium
(Sederberg potrooms) plant

In addition to these tests with CTP(V) or humanybfidids of workers exposed to CTP(V), various
in vitro genotoxicity studies with coal tar, coal tar progu@nd several individual PAHs
demonstrated the genotoxicity of these substarstadiés not summarised) (WHO, 1998; ATSDR,
2002).

5.7.2 Invivo data

There were no data on the results of testing thenpal genotoxicity of CTPHT in experimental
animals.

Oral administration of coal tar or coal tar wastsuited in increased DNA adduct formation in
severalin vivo studies (ATSDR, 2002). Dose-related increasesN Rdduct levels were observed
in B6C3FR mice fed up to 2 g coal tar/100 g food for 28 dé&@slp & Beland, 1994; Culet al
19964, b). DNA adducts were detected in liver, Juamy forestomach b{P-postlabeling.

In addition to this study, several othevivo genotoxicity studies in experimental animals witialc
tar, coal tar waste, coal tar products, and indi@ldPAHs demonstrated the genotoxicity of these
substances (studies not summarised) (WHO, 1998DR],2002).

5.7.3 Human data

Several studies have been carried out on mutagenicfoxic effects €.g. micronuclei,
chromosomal aberrations, SCEs in lymphocytes, DNduats) in individuals and populations
occupationally exposed to mixtures of PAH among ohiCTP. However, basically, these
investigations did not address the potenitialvivo mutagenicity/genotoxicity due to exposure to
CTP or other complex mixtures containing PAH buted at finding sensitive methods for
measuring exposure to CTP or similar PAH-contaimmxgtures.

Heussneret al (1985) monitored genotoxicity in workers exposedQTPV in an aluminium
reduction plant (study is described in more detatllerin vitro studies). Blood was sampled for
cytogenetic analysis. No statistically significalifferences in chromosomal aberrations were found
between exposed and non-exposed groups (Heussakd985).

Buchetet al (1995) investigated cytogenetic endpoints (siskeomatic exchanges, high frequency
cells, and micronuclei) in peripheral lymphocyté$6 male workers of 2 coke oven/steel foundry
plants and 93 workers of one graphite electrodatpka control group consisting of 137 workers
mainly from the steel foundry (rolling mills) plantvas included. PAH exposure was assessed by
means of personal air sampling of 13 selected PAld measurement of 1-hydroxypyrene
concentrations in post-shift urine. The groups dad differ with respect to education level and
smoking habits but the mean age of the graphitetrelde workers was slightly lower than that of
the coke oven workers and the controls. Althougitdlwas no statistically significant difference in
mean total PAH exposure levels between the coken @rel graphite electrode workers-15.96
(range: 0.540-1106.4 mgfnand 20.5 mg/f (range: 0.13-1212 mghAnrespectively,s. 0.700
mg/m°’ (0.120-3.830 mg/ﬁ) in controls -, some differences in individual PAdinong which
benzo[a]pyrene (0.068 and 0.219 my/mespectively) were seen. In addition, graphieciebde
workers had significantly higher mean urinary 14oygpyrene levels although pyrene air levels
were similar. When compared to controls, (arithojetmean values for the percentage of
micronuclei found in lymphocytes were lower in #veposed groups. There were increases in the
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(arithmetic) mean number of SCEs per cell in the-smoking graphite electrode workers (4.8, n=4
observationws. 3.9 in hon-smoking controls, n=29) as well ashia smoking coke-oven workers
(4.9, n=16vs.4.0, n=30), but decreases in SCEs in smoking @eaplectrode workers (3.7, n¥k

4.0, n=30) and non-smoking coke-oven workers (4#£16 vs. 2.9, n=71) were observed. The
(square-root) mean percentage of high-frequencis aehs increased in the non-smoking and
smoking coke-oven workers (5.3, n=1% 2.3, n=29, and 7.0, n=1. 3.1, n=30, respectively) and
decreased in smoking and non-smoking graphite weri&®9, n=4vs. 2.3, n=29, and 2.6, n=is.

3.1, n=30). Based on logistic regression, highdespy cells were associated with the intensity of
current exposure to PAHs, but not with duratioregposure. No consistent associations between
other cytogenic effects and PAH exposure were fd@uthetet al 1995).

Van Delft et al (1998) examined PAH-DNA adduct levels in periphdsmod lymphocytes of
workers of a carbon-electrode manufacturing planaB*P-postlabelling method. On basis of job
conditions, workers were divided into three growpth presumed low, intermediate, and high
exposure, based on historic data from air sampddysis. The low-exposure group consisted of 5
smoking and 14 non-smoking laboratory and officelk&cs and served as a control group, the high-
exposure group of 9 smoking and 8 non-smoking wsrk®m the carbon-anode factory while 19
(7 smokers, 12 non-smokers) workers basically tationed in this factory-mainly maintenance
technicians active across the entire plant -forriel intermediate-exposure group. Groups were
comparable as to age although within the high-expogroup, there was a considerable difference
in average age between smokers and non-smokeks (83 vy, respectively). Personal air sampling
resulted in median total PAH levels of 8.4 (rande8-80 mg/m; n=12 air samples) for the
intermediate exposure group and 32 nmigfrange: 2.3-185 mg/fn n=18; p=0.099) for high
exposure group, while those of benzo[a]pyrene We3& (range 0.09-5.0 mgfjnand 1.20 mg/
(range: 0.43-3.2 mg/ffn p=0.024) for the intermediate and high exposureup, respectively.
Urinary 1-hydroxypyrene levels were significantligher in the intermediate-exposure (3.6-fold)
and high-exposure (8.2-fold) groups when compargith whe control group. There were no
statistically significant differences for any ofetiPAH-DNA adduct clusters.¢. combining all
adduct areas or taking various zones and spotgaelya between groups. The levels of total
adducts and of adducts in some zones and spotshigdrer in lymphocytes of smokers than in
those of non-smokers, being statistically signiiicir the latter only (Van Del#t al 1998).

Arnould et al (1999) monitored benzo[a]pyrene-DNA adducts irctaytes from 17 (12 smoking, 5
non-smoking) workers of a carbon-electrode-prodygitant by a*’P-postlabelling method and a
competitive immunoassay using polyclonal antibodibgined from rabbits immunised with DNA
modified by benzo[a]pyreneans7,8-dihydrodiol-9,10-epoxide. The control groumsisted of 10

(5 smoking, 5 non-smoking) administrative workefsie exposed workers were older than the
controls (age ranges: 27-53 and 18-35 y, respég)iienzo[a]pyrene exposure levels determined
by sampling at different fixed workstations in ghlant ranged from 0 mg/fhfor the control group

to 575 to 1149 ng/fhfor the exposed group. Levels of adducts (expreasefmol/50 pg of DNA)
obtained by the immunoassays were significantiynérgthan those obtained by postlabelling.
Adduct levels in smokers were higher than thosean-smokers and those in exposed higher than
those in non-exposed. No statistical analysis wesgmted (Arnoul@t al 1999).

Carstensenet al (1999b) have analysed aromatic adduct formationDtéA in peripheral
lymphocytes from 98 male potroom workers (mediae: &p y; range: 22-60 y) in an aluminium
reduction plant and 55 male blue-collar workersi(mmarriers and city council employees; median
age: 41 y; range: 22-61) from the same town asné&r@logroup, using &°P- postlabelling method.
Thirty-one percent of the exposed group were snsolisrcompared with 22% of the control group.
Personal air sampling of both particulate and desse PAHs performed during a full workday for
the workers and for 5 randomly selected contraslted in median levels of the sum of 22 selected
particulate PAHs of 13.2 (range: 0.01-270 pd/mnd 0.11 pg/th(range: 0.01-0.37 pgfnfor
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workers and 3/5 controls (no detectable levels inother ones), respectively. Median
Benzo[a]pyrene levels were 1 ug/frange: 0.02-24 pg/h for the workers and 0.004 and 0.02
ng/nt for the 2 controls with measurable levels. Lewsdlthe sum of 7 gas phase congeners ranged
from 0.01 to 131 pg/th(median: 16.3 pug/f in workers to 0.008 to 0.41 pgingmedian: 0.20
ng/nt) in controls. No difference in the frequency in Bdducts was found between the potroom
and blue-collar workers. Smoking habits did noeeffresults (Carstensenal 1999b).

In a study on the influence of genetic polymorplasof biotransformation enzymes on genotoxic
events, micronuclei in peripheral Cbdnd CD8 lymphocytes, DNA single-strand breaks, HPRT
mutation frequency, and urinary 8-hydroxydeoxygusm® were investigated in the aforementioned
potroom and blue-collar workers. No differencesthese endpoints were found between the 2
groups (Carstenseat al 1999a).

Concerning other genotoxic endpoints, it was statdade WHO review (1998) that no increases in
the rates of micronuclei, chromosomal aberrationssister chromatid exchanges were reported in
coke-oven, carbon-plant, aluminium-plant, or gréglelectrode plant workers, or in chimney-
sweeps; in most cases, significant effects of sngpkibuld be detected. In one study in coke-oven
workers in which an increase in chromatid aberrsti@nd sister-chromatid exchanges was
observed, no difference was found between smoketsian-smokers. Elevated DNA adduct levels
have been reported in studies on, among otherskenorin coke-oven plants, aluminium
manufacturing, and foundries (WHO, 1998).

In a review on the validity of the biomarkers mengd above for estimating individual exposure to
PAH, Dor et al only discussed DNA-adducts because the other mmikere stated to have poor
specificity for PAH (Doret al 1999).

In addition to these studies, several otherivogenotoxicity studies of workers exposed to coal tar
coal tar products, and individual PAHs demonstratedgenotoxicity of these substances (studies
not summarised) (WHO, 1998; ATSDR, 2002).

Table 5.7.2 Genotoxicity of CTP or CTPV in vivo.
Endpoint Compound Species Result Reference
Human blood cells
Chromosomal Occupational exposure  Human blood No statistically significant (Heussner et al, 1985)
aberrations in (smoking and non- differences between exposed
smoking) aluminium and non-exposed
reduction plant workers
Sister Chromatid Occupational exposure  Human peripheral blood No consistent associations (Buchet et al, 1995)
Exchange (SCE) in (smoking) coke oven  lymphocytes between SCEs and PAH
and (non-smoking) exposure were found
graphite electrode
workers
High frequency Occupational exposure  Human peripheral blood HFCs were associated with the ~ (Buchet et al, 1995)
Cells (HFCs) in (smoking and non-  lymphocytes intensity of current exposure to
smoking ) coke oven PAHSs, but not with duration of
workers exposure.
Micronuclei Occupational exposure  Human peripheral blood No consistent associations (Buchet et al, 1995)

PAH-DNA adducts
(by 3P-
postlabelling)

in coke oven and
graphite electrode
workers

Occupational exposure
in carbon-electrode
manufacturing workers

lymphocytes

Human peripheral blood
lymphocytes

between micronuclei and PAH
exposure were found

No statistically significant
differences

(Van Delft et al, 1998)
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Endpoint Compound Species Result Reference
Benzo[a]pyrene- Occupational exposure  Human leucocytes Increase in exposed compared  (Amould et al, 1999)
DNA adducts (by  in carbon-electrode to non-exposed (and smokers

32P-postlabelling
and immunoassay)
Aromatic DNA
adducts (by 32P-
postlabelling)

manufacturing workers

Occupational exposure
in potroom workers of
an aluminium reduction
plant

Human peripheral blood
lymphocytes

compared to non-smokers)

No statistical significant
differences between exposed
and non-exposed

(Carstensen et al,
1999b)

Micronuclei Occupational exposure  Human peripheral CD4* No statistically significant (Carstensen et al,
in potroom workers of ~ and CD8* lymphocytes  differences between exposed ~ 1999a)
an aluminium reduction and non-exposed
plant
DNA single-strand ~ Occupational exposure  Human peripheral CD4* No statistically significant (Carstensen et al,
breaks in potroom workers of ~ and CD8* lymphocytes differences between exposed ~ 1999a)
an aluminium reduction and non-exposed
plant
HPRT mutation Occupational exposure  Human peripheral CD4*  No statistically significant (Carstensen et al,
frequency in potroom workers of ~ and CD8* lymphocytes  differences between exposed ~ 1999a)
an aluminium reduction and non-exposed
plant
Micronuclei Occupational exposure  Human lymphocytes No increase between exposed ~ (WHO, 1998)
in coke-oven, carbon- and non-exposed (in most
plant, aluminium-plant, studies differences between
or graphite-electrode smokers and non-smokers were
plant workers, orin observed)
chimney sweeps
Chromosomal Occupational exposure  Human lymphocytes No increase between exposed  (WHO, 1998)
aberrations in coke-oven, carbon- and non-exposed (in most
plant, aluminium-plant, studies differences between
or graphite-electrode smokers and non-smokers were
plant workers, orin observed)
chimney sweeps
Sister Chromatid Occupational exposure  Human lymphocytes No increase between exposed ~ (WHO, 1998)
Exchange in coke-oven, carbon- and non-exposed (in most
plant, aluminium-plant, studies differences between
or graphite-electrode smokers and non-smokers were
plant workers, orin observed)
chimney sweeps
Chromosomal Occupational exposure  Human blood cells Increased in exposed compared Bender (1988 cited in
aberrations in coke-oven workers to non-exposed (however, no WHO, 1998)
difference between smokers
and non-smokers was
observed)
DNA-adducts Occupational exposure  Human lymphocytes Increased in exposed compared (WHO, 1998)
in coke-oven, to non-exposed
aluminium-plant, and
foundry workers

5.7.4 Summary and discussion of mutagenicity

From mutagenicity testing i8. typhimuriuntonducted according to EC guidelines, it is codetl
that CTP is a bacterial mutagen. Results fiomitro genotoxicity testing in mammalian cells are
somewhat inconsistent, but mostly positive. Humadybfluids are generally not mutagenic in
bacterial gene mutation tests, except for urineptasnof heavily exposed psoriasis patients (to
coal-tar applications), and coke oven, and carbbantpvorkers.
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There were no data dn vivo genotoxicity testing of CTPHT in experimental aals Results on
genotoxic endpoints in human blood cells after pational exposure to CTP(V) are inconsistent,
but in heavily PAH-exposed people increased DNAwatitevels have been reported.

The data set available on the mutagenicity/genoityxiof CTPHT does not meet the basic
requirements as specified in Annex VIIA of Direei67/548/EEC (completed by Directive

2001/59/EC; EU, 2001). However, numerous genottxitudies with coal tar, coal tar waste, coal
tar products, and individual PAHs demonstratedgieotoxicity of these substances (WHO, 1998;
ATSDR, 2002).

In its criteria document, WHO (1998) has discustesl mutagenicity/genotoxicity testing of 33
individual PAHs. Based on the evaluations of IARK&3) and the results of genotoxicity studies
reported after 1983, it was concluded that the enippounds with negative results in all tests were
anthracene, fluorene, and naphthalene. Of the atbempounds, 16 (including benzo[a]pyrene)
were considered to be genotoxic, 8 probably genotoxhile data concerning the remaining
compounds were inadequate or inconsistent (WHO8)199

According to EU Regulation (EC) 1272/2008 (EU, 200&ubstances containing more than 0.1%
of a mutagen category 1A or 1B (in Table 3.1 of &xiVI) or a mutagen category 1 or 2 (in Table
3.2 of Annex VI) need to be classified as a catgdok or 1B (or 1 or 2 according to DSD)
mutagen. CTPHT contains a variable amount of muiagBAHS, whose individual mutagenic
effects are considered to be at least additiveatnne. This includes benzo[a]pyrene (CAS 50-32-8)
which is included in Annex VI of EU Regulation (EQR72/2008 (entry 601-032-00-3) with
amongst others the classification Muta 1B; H340.

Therefore, based on the available genotoxicity dat& TPHT, CTPVHT, coal tar, coal tar waste,
coal tar products, and individual PAHs, and thet that the amount of category 1B mutagenic
PAHs in CTPHT is estimated to be more than 0.1% goweight/weight basis) in almost all

circumstances, classification of CTPHT as a cate@8 mutagen is proposed (H340) according to
Regulation (EC) 1272/2008 and as category 2 mutd@em46) according to 67/548/EEC (EU,

1967).

Note:

The classification of CTPHT for mutagenicity acdagito 67/548/EEC (Muta. Cat. 2; R46) has
been discussed and agreed by the TC C&L in Oct20@8 (see Annex II).

5.8 Carcinogenicity

5.8.1 Carcinogenicity: oral

There were no data available on the potential naganicity of CTPHT after oral exposure in
experimental animals. In 1989 the RIVM judged thaikable bioassay data in PAH mixtures all to
be of insufficient quality for human cancer risls@sment. However, in 2001, they investigated the
implications of two more recently conducted studies the carcinogenic effects of oral
administration of coal tar mixtures and/or benzoyag¢ne in rats and mice, on human cancer risk
assessment after exposure to PAHs (Kroeseal 2001). These two studies are described
underneath.

In a study conducted by Cugt al (1998), the tumorgenicity of two coal tar mixturgas compared

to that of benzo[a]pyrene in female B6C3F1 micer@d8e per group) after 2 years of feeding. Coal
tar mixture 1 (CT1), a composite of coal tar froaven manufacture gas plant waste sites, was fed
to female B6C3F1 mice at doses of 0, 100, 300, 18000, 6000, and 10000 ppm (calculated by
the rapporteur member state as equivalent to 036,2120, 360, 720, and 1200 mgfKg coal tar
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mixture 2 (CT2), which was composed of coal tanfriwo of the seven waste sites and another site
having a high benzo[a]pyrene content, was fed aeslof 0, 300, 1000, and 3000 ppm(calculated
by the rapporteur member state as equivalent 86,0120, and 360 mg/kg). benzo[a]pyrene was
fed at doses of 0, 5, 25, and 100 ppm (calculayetthd rapporteur member state as equivalent to O,
0.6, 3, and 12 mg/kg). Two additional groups of 48 mice served as aistrone group was fed
the standard diet, while the other group was fedstlandard diet treated with acetone in a manner
identical to the benzo[a]pyrene diets.

A significantly lower survival rate was observedniice exposed to both coal tar mixtures at doses
of 360 mg/kgy and higher and in mice exposed to benzo[a]pyresesiof 3 mg/kg, and higher.
Food consumption and body weight was significaddgreased in mice fed 720 and 1200 mgy/kg
CT1 and 360 mg/kg CT2. Liver weights of mice fed 360 mgikgCT1 or CT2 were significantly
increased (approximately 40%; corresponding bengpfane doses were 0.8 and 1.1 mgkg
corrected for reduced food consumption) compareithéocontrol group, whereas treatment with 3
mg/kg,w benzo[a]pyrene did not result in increased liveights (liver weights of higher exposed
animals were not determined due to tumour developrnaecompanied by decreases in body
weights) (Culpet al 1998).

Table 5.8.1. Incidence of neoplasms in female B6C3F 1 mice fed coal tar mixtures 1 and 2.
Site Mixture Coal tar concentration (ppm) p-value for
0 100 300 1000 3000 6000 10000 dose related
trend
Incidence
Liver (hepatocellular adenomas 1 0/47 4/48 2/46 3/48  14/45a  1/42 5/43 0.007
and/or carcinomas) 2 0/47 747 44T 10/459) 0.0004
Lung (alveolar/bronchiolar 1 2/47 3/48 4/48 4/48  27/472 25/474 21/453  <0.00001
adenomas and/or carcinomas) 2 2/47 4/48  10/48a 23/47 <0.00001
Forestomach (papillomas 1 0/47 2/47 6/45 3/47  14/469 15/454  6/41 <0.00001
and/or carcinomas) 2 0/47 347 2047 13/449 <0.00001
Small intestine 1 0/47 0/46 0/45 0/47 0/42  22/36a" 36/412  <0.00001
(adenocarcinomas) 2 0/47 047 047 137 Not significant
Hemangiosarcomas 1 1/48 0/48 1/48 1/48  11/482 17/48a  1/45 <0.00001
2 1/48 1/48 4/48  17/482 <0.00001
Histiocytic sarcomas 1 1/48 0/48 0/48 1/48 7/48 5/48 0/45 <0.00001
2 1/48 3/48 2/48  11/482 0.00003
Sarcomas © 1 1/48 4/48 3/48 2/48 7/48 1/48 2/45 0.006
2 1/48 0/48 4/48 5/48 0.003

3 Significantly different (p<0.05) from control group; ® Organs involved include skin, mesentery, mesenteric lymph nodes, heart, spleen,
urinary bladder, liver, uterus, thoracic cavity, ovary and skeletal muscle; © Organs involved include mesentery, forestomach, skin and
kidney.

The coal tar diets induced a dose related increa$epatocellular adenomas and/or carcinomas,
alveolar/bronchiolar adenomas and/or carcinomaesfomach squamous epithelial papillomas
and/or carcinomas, small intestine adenocarcinomiasiocytic sarcomas, hemangiosarcomas in
multiple organs and sarcomas (see Table 5.8.1).ifldiéence of the liver, lung, and forestomach
neoplasms and hemangiosarcomas was statisticgilifisant greater than the control group at dose
levels of 360 mg/kg, and higher. Benzo[a]pyrene treatment resulted dose related increase in
papillomas and/or carcinomas of the forestomacbopleagus, tongue and larynx (see Table 5.8.2).
The incidence of the forestomach neoplasms wasststatly significant greater than the control
group at dose levels of 3 mglggand higher, while the incidence of oesophagus tangue
neoplasms was statistically significant increadedbae levels of 12 mg/kg
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Table 5.8.2. Incidence of neoplasms in female B6C3F 1 mice fed benzo[a]pyrene.
Site Benzo[a]pyrene concentration (ppm) p-value for
0 5 25 100 dose related
Incidence trend
Liver (hepatocellular adenomas) 2/48 7148 5147 0/45 Not significant
Lung (alveolar/bronchiolar adenomas and/or carcinomas) 5/48 0/48 4/45 0/48 Not significant
Forestomach (papillomas and/or carcinomas) 1/48 3/47 36/46 2 46/472) <0.00001
Esophagus (papillomas and/or carcinomas) 0/48 0/48 2/45 24/469 0.0014
Tongue (papillomas and/or carcinomas) 0/48 0/48 2/46 23/482 0.0003
Larynx (papillomas and/or carcinomas) 0/35 0/35 3/34 5/38 0.014
Hemangiosarcomas®) 1/48 2/48 347 0/48 Not significant
Histiocytic sarcomas 2/48 2/48 1/47 0/48 Not significant
Sarcomas © 1/48 2147 7147 0/48 Not significant

3 Significantly different (p<0.05) from control group; ® Organs involved include liver, mesentery and spleen; 9 Organs involved include
forestomach, glandular stomach, skin and skeletal muscle.

A comparison of the results indicated that the b@ajpyrene in the coal tar diets could be
responsible for the forestomach tumours. In cohtthe lung and liver tumours appeared to be due
to other genotoxic components contained withindbal tar mixture, while small intestine tumours
appeared to result from chemically-induced cellifg@ation (determined by no. of S-phase cells)
that occurred at high doses of coal tar in additmf®NA adduct formation (b§*P-postlabeling)
(Culp et al 1998; Goldsteiret al 1998).

In a study conducted by the RIVM (Kroestal 2001), Riv:TOX rats of the Wistar strain (52 per
dose, per sex) were administered 0, 3, 10, or 3eanyo[a]pyrene/ky dissolved in soy-oil by
gavage 5 days a week for 104 weeks.

Table 5.8.3. Incidences of some major treatment-rel  ated neoplasms in rats treated with
benzo[a]pyrene.
Site Dose (mg/kgow) females Dose (mg/kgow) males
0 3 10 302 0 3 10 302
Incidence females Incidence males
Forestomach
Squamous cell papilloma 1/52 3/51 20/51**  25/52*** 0/52 7152 18/52*** 17/52***
Squamous cell carcinoma 0/52 3/51 10/51*  25/52*** 0/52 1/52 25/52*** 35/52***
Liver
Hepatocellular adenoma 0/52 2/52 7/52* 1/52 0/52 3/52 15/52*** 4/52
Hepatocellular carcinoma 0/52 0/52 32/52**  50/52*** 0/52 1/52 23/52** 45/52***
Auditory canal ®
Squamous cell papilloma 0/0 0/1 0/0 1/20 0/1 0/0 07 4/33
Carcinoma© 0/0 0/1 0/0 13/20* 0/1 0/0 27 19/33**

The most advanced stage of lesions is scored. 2 Note that this group had a significantly shorter lifetime; ® These tissues were examined

only when abnormalities were observed upon macroscopic examination; © Composite tumours of squamous and sebaceous cells
apparently arisen from the pilosebaceous units/ "Zymbal glands”; * Significantly different (p<0.01) from control group; ** Significantly
different (p<0.001) from control group; *** Significantly different (p<0.0001) from control group.

A dose related decrease in survival was observedtim males and females. In males of the highest
dose group (30 mg/kg), body weights were decreased from week 10 onwéodsl consumption
was statistically significantly reduced (with lefisan 10%) from week 36 onwards. Water
consumption was statistically significantly and elaglated increased in males from week 13
onwards. Benzo[a]pyrene treatment had no majorcefie body weight, food consumption and
water consumption in female rats. Dose dependeméases in tumour incidence in a variety of
organs and/or tissues were observed in both seses Table 5.8.3). The most prominent
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carcinogenic effects were observed in the liverestomach, and epidermal structures (amongst
others auditory canal, lip, and skin), of which ther is considered the most relevant for human
risk assessment in terms of pathogenesis and iségsitA statistically significant increase in
incidence of liver neoplasms was observed in malesfemales exposed to benzo[a]pyrene doses
of 10 mg/kgw and higher (Kroeset al 2001).

5.8.2 Carcinogenicity: inhalation

Female rats (Wistar; n=72 group) were exposed tb.D, or 2.6 mg/thof a CTPHT aerosol, 17
hours/day, 5 days/week, for 43 or 86 weeks followgdn exposure-free period of up to 86 or 43
weeks, respectively. The aerosol was generated dnting CTP to 750°C under nitrogen
atmosphere and diluting the high temperature taipvapour with 12°C clean air, resulting in a
PAH-rich condensation aerosol with a mass mediandgeamic diameter (MMAD) of 0.5 um.
The 1.1- and 2.6-mgfnaerosols contained among others 20 and 46 {itpemzo[a]pyrene,
respectively, resulting in cumulative doses of Iebabenzo[a]pyrene of 71 (43-wk exposure), 142
(86-wk exposure), 158 (43-wk exposure), and 321-wR6exposure) mg benzo[a]pyrené/m
respectively. Exposure to 2.6 mg/ior 43 or 86 weeks caused an increased mortadigy when
compared to those of controls. Especially the alimaposed for 86 weeks had to be sacrificed
because of the development of large, multiple ltungours. No exposure-related tumours were
observed in organs other than the lung. Most of Iting tumours were benign and malignant
keratinizing squamous-cell tumours while some bhoralveolar adenomas and adenocarinomas
were found. Tumour rates were 4.2 and 33.3% fomtfimals exposed to 1.1 mgfrfor 43 and 86
weeks, respectively, and 38.9 and 97.2% for thmalsi exposed to 2.6 mgirfor 43 and 86 weeks,
respectively (Heinriclet al 1986; Heinrichet al 1994a; Heinrictet al 1994b).

Intratracheal instillation was used to study thecicengenic effects of CTPHT in male and female
Wistar rats. A total of 190 animals were dividetbifiour groups receiving 10 weekly instillations
of charcoal powder suspension and of about 0.657,181d 20.0 mg CTPHT (particle size
distribution: 90% <10 pm; 75% <5 pum) suspendedhysplogical saline per animal per treatment
(group sizes not given). Thirty-six of these ansnedceived one treatment only (see also Section
5.2); the remaining animals were killed one, thré2, and 18 months after the last instillation,
respectively. Treatment did not affect survivalesabr average body weights when compared to
controls. Histological changes found were mainlgaled in the bronchiolo-alveolar areas, and
dose-dependent as to severity. They ranged frorerpigstic, metaplastic, and dysplastic changes
to extensive cancers. No tumours were found inrdte treated with a total dose of about 6.5 mg
while incidences were 4/32 and 10/40 in animalegitotal amounts of about 137 and 200 mg,
respectively. Most of these tumours were squamelsarcinomas (10/14) (Chamg al 1992).

Eight-week old female mice (lva:NMRI; n=28-31) wengposed to combustion product from a coal
stove, containing 0.3 pgfmbenzo[a]lpyrene, 16 hours/day, 5 days/week, for @nths, and
subsequently to a PAH-rich effluent gas generatgdnéating CTP to 750°C under nitrogen
atmosphere, containing about 60 pgbmenzo[a]pyrene, 16 hours/day, 5 days/week, fomdths.
The particle mass concentrations and the MMAD vﬂe]temg/n’? and 0.1 um, respectively, for the
coal stove combustion product and 4.6 (£5.1) n"?girrd 0.8 um, respectively, for the CTP product.
This treatment induced statistically significantri@ases in lung tumour incidence (79% vs. 32% in
control animals) and in multiplicity,e. the average number of tumours per lung (7.0 3. 9.7 £
1.7 in controls). From previous similar experimernk® authors suggested most of the tumours to
be benign adenomas, but results of histologicainéxations were not available. The total duration
of the experiment was 25 monting, the lifespan of the mouse (Heinriehal 1986).

Newborn female mice (NMRI/BR; n=40/group) were esg@d to 0, 0.5 (+ 0.85), or 2.44 (= 0.40)
mg/nT of an aerosol generated by pyrolizing preheate® @iTnitrogen atmosphere at 750-800°C
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and diluted with fresh air, 16 hours/day, 5 daygkydor 44 weeks from postnatal day 1 onwards.
The MMAD of the aerosols was 0.55 + 0.03 pm. Thentained 0, 50, and 90 pgim
benzo[a]pyrene, respectively. At the end of theosxpe period of 44 weeks, survival rates were
38/40 and 35/40 in the low- and high-concentratyooup, respectively, vs. 39/40 in the control
group. Treatment induced multiple foci of bronchiallveolar hyperplasia in almost all mice (low
concentration: 38/40, high concentration: 39/4Mtews: 0/40) and squamous metaplasia in 6/40
animals of the high-concentration group, and caustdistically significant increases in the
incidence of lung adenomas (low: 40/40, high: 4Q/déntrol: 5/40), of lung adenocarcinomas
(10/40, 33/40 vs. 6/40), and of lung squamousazgitinomas (0/40, 6/40 vs. 0/40). In addition, one
adenosquamous carcinoma was found in an animdleohigh-concentration group (Schuétal
1994).

5.8.3 Carcinogenicity: dermal

When 40% solutions of CTP (not further specifiea)oienzene were painted on the hairy skin of
white mice (n=49; strain and sex not reported),eoneekly, for 19 months, painted skin lost its

hair after the first application. The first tumoappeared three months after the first application,
and, by the end of month 12, there were skin tusiaur37 of the 43 mice alive at that time, 29

being keratinizing squamous-cell carcinomas. Otherours observed were pulmonary adenomas
in eight animals and a squamous cell carcinomaeitomach. Animals of the control group were
painted with pure benzene. They developed epideatrimphy, focal hyperplasia, atrophy of the

hair follicles and sebaceous glands only (charetiereffects of this substance). There were no
skin tumours among the control group, although omsuse developed pulmonary adenomas
(Kireeva, 1968).There were no data on control alsinfantreated or solvent-treated) (Kireeva,

1968).

Application of about 1.7 mg each of two differeabgples of CTP (from coke-oven production and
of the grade commonly used in roofing, no furthBoimation of its origin was given) dissolved in
benzene to the shaved back skin of mice (Swisa@llni=15/sex/group), twice a week, resulted in a
decreased mean survival time (31 wk vs. 82 wk fenzene-treated controls). Treatment with
CTPHT caused increases in the number of tumouritigeanimals (53/58 vs. 1/26 in benzene-
treated controls), in the incidence of skin caroias (31/58 vs. 0/26) and papillomas (53/58 vs.
1/26). Some other tumours were found as well, twes stated that the numbers observed were not
significantly greater than would be expected imatml group (Wallcavet al 1971).

When male mice (C3H/HeJ; n=50) were dermally tréatéth 50 mg of a toluene solution of a
“traditional CTP”, twice weekly, 45/49 and 3/49 mibad developed malignant and benign skin
tumours, respectively, by the end of the experinadier 32 weeks. The average time of appearance
of papillomas was 18.0 weeks. Both incidence atehtzy period differed statistically significantly
from those found in the toluene- and benzo[a]pyre@rol groups: no tumours were found in the
toluene-exposed group, while the benzo[a]pyreneigshowed an average latency period of 31.8
weeks and incidences of 24/39 and 7/39 for maligaad benign tumours, respectively (Emnegtt

al, 1981).

IARC (1985) refers to an experiment from the 1980svhich dermal treatment with a benzene
extract of a hard residue from a coke-oven tar éedulung tumours, but no skin tumours in mice
(strain and sex not reported), while no lung ongkimours were found in control animals.

In a Polish study, it was reported that applicatainseveral pitches to the skin of mice, twice
weekly, for 22 weeks, induced skin tumour incidence27-50% (Gorski, 1959).
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5.8.4 Carcinogenicity: human data

Already in the 19 century, reports on the induction of cancer irspas occupationally exposed to
combustion products containing PAHs have been ghibtl. Studies on possible carcinogenic
effects due to exposure to CTPV have been revidweskveral working groups of the International
Agency for Research on Cancer (IARC, 1984, 198871%nd by the UK Health and Safety
Executive (HSE) (HSE, 1993; Armstroeqg al 2003). The IARC concluded that there is suffitien
evidence that coal-tar pitches are carcinogeniciumans (IARC, 1985, 1987, 2010). Several
additional studies have been published (Ronnebergaggmark, 1992; Armstrongt al 1994;
Partanen & Boffetta, 1994; Ronneberg & Anderse®519remblayet al 1995; Culleret al 1996;
Sternet al 2000; Armstronget al 2004). Quantitative cancer risk estimates haen lmalculated by
Armstronget al (Armstronget al 1986; 1994), and Tremblagf al (1995) attempted to quantify the
relationship between exposure to CTPV in Sgderipetgopoms and the risk of bladder and lung
cancer (based on a Canadian cohort of aluminiurdymtion workers). More recently, Armstrong
et al (2003; 2004) performed a meta-analysis on lung laladder cancer risk after exposure to
PAHS.

The epidemiological data relevant for each exposaemario are summarised in the next section. In
addition a summarizing table is included in AnngxThe summary is based on the publications by
IARC and HSE. These publications were not consuiteld/idually. Below the next section, the
meta-analysis of Armstrongt al (2003; 2004), which combined studies conducteiddustries that
share (almost exclusive) exposure to PAHSs, is desdr

Meta-analysis on lung and bladder cancer risk a&ft@osure to PAHS

The meta-analyses by Armstroagal (2003; 2004) combined studies conducted in thestrées
that share (almost exclusive) exposure to PAHsc&wbining a much larger body of data, the risk
estimates become statistically much more stable.

The meta-analyses included 39 occupational coleoesed to PAHs for which risk estimates for
lung cancer could be estimated and 27 cohorts Factwrisk estimates were published for bladder
cancer. Only epidemiological studies on occupatioggposure by inhalation were included.
Biomarker studies, studies only reporting propar@iocancer analyses, non-English publications
and non-primary research papeesg( reviews) were excluded. Studies in which PAH was
considered unlikely to be the predominant lung ladter carcinogen (because of the presence of
other known, possibly confounding tissue specifeazctogenic substances,g. in workplaces
including those in the rubber industry and founslaed those involving exposure to diesel exhaust)
were excluded as well. Also studies for which assest of exposure was not possildeg(case-
control and registry studies) were excluded. Tadidouble counting of information from the same
workforce reported in several papers, only theragorted results were included.

The cohorts included in the meta-analyses were patmnally exposed to CTPVHT in several
industries (aluminium smelting, carbon anode plaasphalt, and tar distillation), but also cohorts
from other industries exposed to PAHs were includedh as coke ovens, coal gas production and
carbon black production, where the main cause nf@&ainduction is their exposure to PAH® (
irrespective of whether they are scenarios inAmeex VI report on CTPHT). Although it is likely
that the composition (PAH profile) and therefore trarcinogenic potential of the exposures is not
exactly similar across industries, deriving a statally stable risk estimate based on all PAH-
exposed cohorts is still considered superior toivawy industry-specific but very uncertain
estimates. In a meta-analysis, exposures have tietieed as the same metric on the same scale.
The underlying studies, however, showed a subsiawdriation in exposure definition, ranging
from no explicit definition to quantitative assest of exposure to benzo[a]pyrene. Exposures
were measured as benzo[a]pyrene, as a proxy (bersoduble matter, total PAHS, carbon black)
that could be converted to benzo[a]pyrene, or nasue of exposure. For the studies lacking
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information on exposure, the authors defined suppldary estimates for exposure to
benzo[a]pyrene for each industry/workgroup combamatbased on available published exposure
estimates in the same industries. Furthermoregxpesure variables were converted to cumulative
exposure (duration x time-weighted mean conceorgtiif necessary. Where risk by cumulative
exposure was not published, it was derived as tioeuyct of mean estimated concentration of
exposure in each group for which risk was repoded the mean duration of exposure in that
group. In absence of information on duration of@sye, 20 years was assumed, representing the
average found in studies for which the duration veg®rted.

In the meta-analyses, relative risks (RRs) werenaseéd for each study for a benchmark exposure
level of 100 pg/myear cumulative benzo[a]pyrene. The authors hacsem this benchmark level
such that it was comprised within the exposure earaf the studies included in the meta-analyses.
These Unit Relative Risks (URRSs) were estimatefltiig an exposure-risk model to the data with
Poisson regression. The fitted model was a loglinexponential) model as normally used in
epidemiological studies and meta-analyses thereof:

In(RR) =bx (equivalent toRR = &™)

where x is the cumulative exposure atdis the slope of the exposure-risk relationship.tavie
regression was applied to assess the impact of shatacteristics on the final risk estimate.

Lung cancer

An overall relative risk estimate (URR) of 1.20 ¥9%onfidence interval: 1.11-1.29) peamit of 100
pg/nt-year cumulative benzo[a]pyrene exposure was kilfor lung cancer. This implies that
the risk for lung cancer was 20% higher in workesposed to 100 pgfhyear cumulative
benzo[a]pyrene (~ 40 years exposure to an avemmgeatration of 2.5 pglifrbenzo[a]pyrene). In

a meta-analysis, it is common practice to invegtigehether the data from the studies included are
sufficiently in agreement with each other by tegtior heterogeneity. In the current meta-analysis,
a statistically significant heterogeneity in URRstween the individual studies was observed,
indicating that some studies (mainly the smalliest|east precise studies) had deviating estimates.
Nevertheless, statistical significant heterogeneifis observed between industry groups, but not
between and within the major contributing groups, coke ovens, gas works and aluminium
smelters. The combined URR estimate in aluminiunelsrs, the only industry exposed to
CTPVHT for which a statistically stable industryesjfic estimate could be established, was 1.16
(95% confidence interval: 1.05-1.28) per unit of01Qg/nt-year cumulative benzo[a]pyrene
exposure.

For other characteristics (such as study desiggiomeor type of exposure measurement) no
statistically significant heterogeneity was detdcte

Although limited, information on total dust exposudid not suggest that dust exposure was an
important confounder or effect modifier.

A requirement for establishing and quantifying asariation between PAH exposure and lung
cancer is that confounding due to other risk factdrlung cancer, such as smoking, are unlikely to
explain the results. Confounding can arise fromlgngphabits that differ between the exposed and
unexposed groups. In general, in occupational epimegical studies the effect is limited, but
unpredictable, as there is no systematic and densiassociation between exposure and smoking
(unlike studies ore.q. lifestyle and cancer, where smoking is always glewt in persons with the
least healthy lifestyle habits). Regarding the raatalysis of Armstrongt al (2003; 2004), only in
four out of 39 studies (mainly nested case-congtoidies from cokes ovens and aluminium
smelters) in the meta-analysis for lung cancemsidjent of risk estimates for confounding due to
smoking was performed; the meta-analysis obsen@debline statistically significant higher
estimates for the studies adjusted for smoking tdwanthose that had not (URR = 1.31, 95%
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confidence interval: 1.16-1.48 versus 1.16, 95%fidence interval: 1.11-1.21, respectively).
Failure to adjust for smoking in the majority okthktudies is, if anything, therefore more likely to
underestimate than to overestimate the true ritiknate. This higher risk estimated from studies
that did control for smoking prove at least that tisk of cancer is not always overestimated when
no adjustment is made.

Bladder cancer

An overall relative risk estimate (URR) of 1.33 ¥@®onfidence interval: 1.17-1.51) per unit of 100
pg/nt.year cumulative benzo[a]pyrene exposure was catedlfor bladder cancer (Armstroeg

al, 2003). Although the results support a PAH-bladd@ncer association, this finding was less
robust than that for lung cancer, as it appeardzbtargely dependent on two studies of aluminium
production workers (Tremblagt al 1995; Romundstaet al 2000a; Romundstaet al 2000b). For
the aluminium production industry the evidencedarassociation was strong. Although the URRs
from other industries were statistically compatiblih those for aluminium, there was little
independent evidence for an association of bladdecer with PAH in coke ovens or in other
industries.

Armstronget al (2003) concluded:

“Previous reviews have similarly concluded thatréhis a much stronger weight of evidence that
PAH causes lung than that it causes bladder ca@ecey recent review (Negri & La Vecchia, 2001)
noted specifically that the evidence for bladdes wanfined to the aluminium production industry.
Other co-exposures, in particular aromatic amimesratro-PAH (Tremblayet al 1995) known to

be present in small concentrations in aluminiumrquonhs, have been suggested as alternative
causal agents. However, it is unclear why theseldvoat also be present in other PAH-exposed
workplaces.”

The combined URR estimate in aluminium smelters, dhly industry exposed to CTPVHT for
which a rather precise industry-specific estimaiald be established, was 1.42 (95% confidence
interval: 1.23-1.65) per unit of 100 pgfiyear cumulative benzo[a]pyrene exposure.

5.8.5 Other relevant information

Epidemiological data relevant for the different egpre scenarios
Scenario 1: Production of CTPHT in coal tar distilon plants

In a review by the HSE (Armstroreg al 2003) three cohort studies were identified, nohehich
contained data on exposure. The study by Hanse&9)1@as not solely related to tar distillation but
also to asphalt and roof felt processing. Statifiticnon-significant increased lung cancer risks
were observed in all three studies and non-sigmitiéncreased bladder cancer in two of the three
studies.

Scenario 2: Use as a binder for electrodes
Sub-scenario 2i: in the aluminium industry (studi@saluminium production workers)

Several studies among aluminium production workeiGanadian, French, Italian, Norwegian, US
and Russian industries have been published. Masttaleen from a review of Ronneberg &
Langmark (1992), complemented with information froime IARC (1984, 1987, 2010) and HSE
(HSE, 1993; Armstronget al 2003). Five more recent publications not includedhe reviews
(Armstronget al 1994; Ronneberg & Andersen, 1995; Trembéhyal 1995; Cullenet al 1996;
Ronneberget al 1999; Romundstadt al 2000a; Romundstagt al 2000b; Armstronget al 2003;
Armstronget al 2004) were also consulted.

The lung and bladder have been the most commorgyntiited sites for excess cancer in
populations of aluminium production workers. In @dian studies dose-response relations were
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found for bladder and lung cancer. The Norwegiamliss have shown inconsistent results. Excess
risk of stomach, kidney, prostate, pancreas, lyriplaaad haemopoietic cancer and leukaemia were
noted in several studies among aluminium produckiorkers.

The IARC concluded that there is sufficient evidertbat certain exposures occurring during
aluminium production cause cancer and that pitdhtites have fairly consistently been suggested
in epidemiological studies as being possible cawsaigents (IARC, 1987).

Sub-scenario 2ii: Use as a binder and impregnatibelectrodes

In a review by Armstrongt al (2003) three papers (reporting 3 cohort studiesare case control
study) were identified on carbon workers. One pdpmn China includes workers of six carbon
plants (not further specified) and one aluminiurduation plant (working potroom and carbon
department). Although part of this cohort falls andub-scenario 2i, the study is described under
this scenario, assuming most workers were involiredhe use of CTPHT as a binder and
impregnation of electrodes. The other two papesciilee workers in carbon (graphite) electrode
plants in Italy and France.

In one of the available studies on the use of CTRH® binder and impregnation of electrodes, a
statistically significant increased lung cancek nsas observed (Litet al 1997). In the other
studies non-significant increases in lung and @addhncer risks were observed (Mouéh al
1989; Donatcet al 2000).

Scenario 3: Use as a binder in Asphalt industry anBoofing

Several studies among asphalt workers have beedisipedh. This review of Partanen & Boffetta
(1994), who examined and combined the results oéf@emiologic studies conducted on asphalt
workers and roofers, complemented with informatfoom the IARC (1985) and more recent
publications by Stern (2000), Boffeta al (2003), Randeret al (2004) and Armstrongt al (2003)
were consulted. Assuming that the review of ParniafReBoffetta, the IARC document and the
meta-analysis of Armstrongt al (2003; 2004) contain the most important issueh vaspect to the
evaluated epidemiological studies, original dattheke studies were not consulted.

Most of the studies evaluated by Partanen & Baif€t994), the IARC (1985) and Armstroagal
(2003) have limitations, with respect to power kladf exposure data, or failure to control for
confounding. In roofers, some studies with smoladgisted results suggest an excess lung cancer
risk unexplained by tobacco smoking. Since roofeosk with hot pitch they have probably been
exposed to great amounts of carcinogenic PAHs. hewehe data were insufficient to specifically
address the carcinogenicity of the different expesuencountered in roofing (and other asphalt
workers), including coal tar derived exposures.

Scenarios 4 through 8: Use in heavy-duty corrogiostection or as a binder for refractories,
active carbon, coal briquetting, and clay pigeons

There are very few epidemiological studies avadain these occupational scenarios. In the IARC
evaluation (1985) only one study was describedaal briquetting in which an increased mortality
due to bladder and prostatic cancer was observed.

5.8.6 Summary of carcinogenicity

The IARC concluded that coal-tar pitches are cagémic to humans (Group 1), based on
sufficient evidence for carcinogenicity in experimed animals and humans (IARC, 1985, 1987,
2010).

There were no data available on the potential saganicity of CTPHT after oral exposure in
experimental animals. However, oral studies witlaldar in mice resulted in increased tumour
incidences in various organs, including the livemg, and forestomach. Oral studies with
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benzo[a]pyrene resulted in increased tumour in@dsnin a.o. the liver, forestomach, and
epidermal structures in rats and the forestomadhtanupper digestive tract in mice.

Inhalation of CTPHT caused broncho-alveolar lesiand lung tumours in rats and mice, while
dermal exposure to CTP (not further specified) @16PHT caused skin tumours in mice. Although
the available experimental animal studies werecoatlucted according to EU or OECD guidelines,
they clearly indicate that CTPHT) is carcinogemitdwing inhalation and dermal exposure.

With respect to human data, statistically non-digant increased lung cancer risks were observed
in all three available cohort studies on coal testilthtion. In two of these three studies non-
significant increased bladder cancer risks wereeasl. In the other study a non-significant
reduced SMR for bladder cancer was observed. Nbttestudies contained data on exposure and
one of the studies was not solely related to tatilldition but also to asphalt and roof felt
processing.

Among populations of aluminium production workessgnario 2i), the lung and bladder have also
been the most common sites identified for excesgera In several studies among aluminium
production workers excess risks of stomach, kidneypstate, pancreas, lymphatic and
haemopoietic cancer and leukaemia were also noted.

In one of the available studies on the use of CTRIdTa binder and impregnation of electrodes
(scenario 2ii), a statistically significant increddung cancer risk was observed. In the otheiestud
non-significant increases in lung and bladder carisks were observed.

Among roofers and asphalt workers (scenario 3) &x&eng and skin cancer risks were observed,
however, the data were unsufficient to specificaldress the carcinogenicity of the different
exposures, including coal tar derived exposures.

On the other exposure scenarios (scenarios 4 thr8ugno or very few epidemiological studies
were available.

Based on experimental and epidemiological datehencarcinogenicity of CTPHT and CTPVsSHT
and the evaluation of these data by the IARC, iflaaon of CTPHT and CTPVsHT as a category
1A carcinogen (H350) is proposed according to Retgart (EC) 1272/2008 and as category 1
carcinogen (T; R45) according to 67/548/EEC (EW7)9

Note:

The classification of CTPHT for carcinogenicity aoting to 67/548/EEC with Carc. Cat. 1; R45
has been discussed and agreed by the TC C&L inb®c006 (see Annex II).

5.9 Toxicity for reproduction

No experimental data on the potential reproductioicity of CTPHT were available. High-boiling
coal liquid, coal tar derived products, and creesbave been shown to produce reproductive
toxicity in animals by the inhalation, oral, andmal routes.

5.9.1 Effects on fertility

In its criteria document, the WHO discussed theadpctive toxicity of several individual PAHs,
among which benzo[a]pyrene. It was concluded th& PAH had adverse effects on female
fertility and reproduction (WHO, 1998).

Inhalation

In a repeated dose inhalation toxicity study byir@par et al (1986a; 1987) fertility toxicity was
also evaluated by examination of the reproductigaies. No change in relative weights of ovary or
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testis were recorded for Fischer rats exposed 10180, and 690 mg/fof a high-boiling coal
liquid aerosol (heavy distillate, the highest-bwilimaterial derived from the solvent refined caal-I
process) for 6 hours/day, 5 days/week for 5 weldksvever, after exposure of Fischer rats and CD-
1 mice to the same concentrations of high-boiliogldiquid aerosol for 13 weeks, statistically
significantly reduced relative ovary weights weteserved at the highest dose level. Testis weights
were statistically significantly increased in ratgposed to 140 mg/frand higher. Examination of
ovarian section showed a significant decreasearathount of luteal tissue in rats exposed to 690
mg/nT high-boiling coal liquid aerosol for 5 or 13 weeks

Oral

In a repeated dose oral toxicity study (Weyandl, 1994, cited in ATSDR, 2002) fertility toxicity
was also evaluated by examination of the reprodeairgans. B6C3F1 mice fed a control gel diet
or adulterated diets containing 0, 51, 251, or #6@kg/day (males) and 0, 42, 196, or 344
mg/kg/day (females) Manufactured Gas Plant resi@uby-product of coal gasification, coal-tar
like material), exhibited no adverse effects ondpalidymides, preputial gland, ovaries, uterus, or
clitoral gland after treatment for 94 or 185 days.

The summary of a multi-generation reproduction dibyistudy with creosotes indicated that oral
exposure to creosote produced reproductive toxigityale and female fertility and pregnancy
indices) at a dose level (25 mggkérlay) below maternal toxic dose levels (75 mgfkday) in rats
(CCE, 2004).

Coal tar creosote (fractions or blends of coabils, sometimes including coal tar pitch, which are
used for timber preservation) was tested for estayactivity using an assay in ovariectomised
(OVX) ICR and DBA/2 mice. OVX mice were gavaged lwi, 10, 50, or 100 mg/kg creosote in
sesame oil or 0.1 mg/kg d-&thynylestradiol (positive control) once a day f#odays. Treatment
with 17a-ethynylestradiol produced a significant increaseuterine weight and vaginal cell
cornification compared with animals receiving oslgsame oil, but no fertility effects (significant
increase in uterine weight or vaginal cell corrafion) were observed in animals treated with this
creosote (Fieldeat al, 2000, cited in ATSDR, 2002).

Dermal
No studies with regard to effects on fertility afteermal exposure are available.

5.9.2 Developmental toxicity

In its criteria document, the WHO discussed thaaepctive toxicity of several individual PAHSs.
According to the WHO, reproductive toxicity studidsave been reported on anthracene,
benz[a]anthracene, benzo[a]pyrene, chrysene, dibéjanthracene, and naphthalene. Embryo-
toxicity was reported in response to benz[a]an@mac benzo[a]pyrene, dibenz[a,h]anthracene, and
naphthalene. Benzo[a]pyrene also had adverse gfi@gpbostnatal development (WHO, 1998).

Inhalation

In a study by Springest al (1982) mated female rats were exposed to 0, 17918860 mg/m of a
high-boiling coal liquid aerosol (heavy distillatthe highest-boiling material derived from the
solvent refined coal-ll process) for 6 hours/daygastational days 12-16. Developmental effects,
including a significant increase in the incidencé rid- and late-gestational resorptions,
significantly reduced crown-rump length, foetal gldi foetal lung weight, and placental weights
and significantly increased incidence of reducesificaition, were observed in the highest dose
group, and a significant trend for reduced osdificawith increasing coal tar concentrations. Cleft
palates were also observed in this group, butrtbeeased incidence was not significant. Animals
exposed to the highest dose groups showed somes sifjnmaternal toxicity (statistically
significantly reduced thymus and increased lungspiden weights) (Springet al 1982).

67



ANNEX 1 —BACKGROUND DOCUMENT TORAC OPINION ONPITCH, COAL TAR, HIGH TEMP. (CTPHT)

Oral

Heavy distillate, the highest-boiling coal liquidom the solvent-refined coal-Il process, was
administered by intragastric intubation to pregratg. Five dose levels of heavy distillate (900,14
180, 370 and 740 mg/kg/day), were given daily frbinto 16 days of gestation and the rats were
killed at 20 days of gestation (Hackettal 1984). Maternal body weights and weights of tier|
kidneys, spleen, adrenals, thymus, ovaries andjtiied uterus were obtained. Gravid uteri were
evaluated for prenatal mortality. Live foetuses evexamined for malformations and weighed;
foetal lungs were excised and weighed. Maternay vegight gain (excluding extragestational body
weight) was significantly reduced in all dose greuBlacental weight was depressed from the dose
level of 140 mg/kg/day. Adrenal weights were insezhin all treated animals, except for those in
the lowest-dose group. However, the weights ofshleen, liver, kidneys, and ovaries of all dosed
groups were similar to controls. There was sigaiftcmaternal mortality at 740 mg/kg/day. These
findings suggest that maternal toxicity may haveyptl a role in the elicitation of the
developmental toxicity observed in this study.

Regarding developmental toxicity, a significant @ase in the number of live foetuses/litter and a
significant increase in the number of resorptiomere observed at 370 mg/kg/day. A statistically
significant increase in resorptions was also olexrin rats treated with 180 mg/kg/day. A
significant decrease in relative foetal lung weightl a significant increase in anomalous foetuses
were observed in offspring of females treated wiif® mg/kg/day. In the offspring of females
treated with 370 mg/kg/day, a significant increasethe incidence of cleft palate, syndactyly,
ectrodactyly and missing toenails on hind feet,emebserved. In addition, increased intrauterine
mortality at doses of 370 and 740 g/kg was reported

Several developmental effects were observed in lerSBarague-Dawley rats gavaged with 740
mg/kg/day high-boiling coal liquid (heavy distiligtthe highest-boiling material derived from the
solvent refined coal-ll process) on gestational sddp-14. Early mortality was significantly
increased in treated pups, within the first 3 dafysr birth, 54% of the treated pups died compared
with 9% of the untreated pups. Body and lung wesigifttreated pups that died or were sacrificed at
1 or 3 days postdelivery were significantly reducedhpared with controls. Body weight gain was
significantly reduced (15%) for treated pups corepawith the controls at all time points. Treated
pups that died showed signs of severe dehydralibpmus and lung weights in treated animals
were significantly lower than in the correspondowntrol animals. In treated pups that died, the
incidence of small lungs (size more than two steshdkeviations below the mean of the control
group) was 27% (in 90% of litters). 10% (in 80%dlitkrs) had cleft palates, and 33% of the pups
(in 80% litters) had both small lungs and clefttedga No controls had small lungs or cleft palates.
No malformations were detected in 30% of the trekgieps that died and microscopic examination
of foetal lung tissue revealed no overt histolobdieierences between treated and control animals.
The data from this study suggest that high-boitingl liquid is a teratogen in Sprague-Dawley rats,
however, given the moderate, yet statistically $igant maternal toxicity, the possibility of foéta
effects secondary to maternal toxicity cannot belweed (Springeet al, 1986a, cited in ATSDR,
2002).

Summaries of two teratogenicity studies with créesandicate that oral exposure to creosote
produced reproductive toxicity (increased post-mmphtion loss, foetus length and weight,
impairment of viability, and morphological malfortians) at or above maternal toxic dose levels
(NOAEL of 75 mg/kgw/day and LOAEL of 175 mg/kg/day) in rats (CCE, 2004).

In a summary of a multi-generation reproductiondibx study, however, it was reported that oral
exposure to creosote produced reproductive toxigityale and female fertility and pregnancy
indices) at a dose level (25 mggkérlay) below maternal toxic dose levels (75 mgfkday) in rats
(CCE, 2004).
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Dermal

In a developmental study Sprague-Dawley rats anellGhice, were dermally exposed to 500 or
1500 mg/kg high-boiling coal liquid on gestatiom#ys 11-15. A significant decrease in gravid
uterine weight compared with controls in both i@tsl mice at both dose levels exposed to coal tar
was reported. In mice, no difference in extragestat body weight gain was observed, next to
significantly increased weights of the liver, kigneand spleen at both dose levels. In rats,
extragestational body weights were decreased cadparthe controls and the relative weights of
maternal liver and kidney were significantly incsed while those of the thymus were significantly
decreased at both dose levels.

Developmental effects, including a dose dependentedise in foetal and placental weights and
crown-rump lengths, and decreased foetal lung atesaind relative weights were observed in both
low and high dose rat groups. Resorptions werdfiigntly increased for all exposed rats and high
dose mice compared to controls. There was no signif difference between foetal weight,
placental weight and foetal lung weights and craumyp lengths in control and exposed mouse
foetuses. A significantly increased incidence oiriungs, cleft palate, oedema, midcranial lesion,
and reduced cranial ossification was observed posad rat foetuses and a significantly increased
incidence of cleft palate, dilated ureter, andlrptvic cavitation was observed in exposed mouse
foetuses (Zangaat al, 1989, cited in ATSDR, 2002).

Another animal study reported that dermal contaith woal tar creosote-treated wood produced
fetotoxic effect in pregnant sows. Four sows warafioed to wooden farrowing crates for 2-10

days before delivery. The platforms of the cratesemcoated with three brush applications of a
commercial wood preservative containing 98.5% taatreosote. Following contact with creosote,

24 of the 41 pigs delivered were dead at birth, afhdpigs died by day 3 postfarrowing. The

surviving pigs had rough skin and suffered fromyaiehtion and severe diarrhoea. The pigs failed
to gain weight until they were 5-6 weeks old. Nritaeffects on the sows were reported. Four sows
confined to untreated lumber crates at least 24shbafore farrowing delivered 36 pigs, 1 died

within 24 hours and 3 died postfarrowing. No toeffects were noted in mother or baby pigs

(Schipper, 1961, cited in ATSDR, 2002).

5.9.3 Human data

No differences in sperm count, sperm morphology, the frequency of sperm-carrying fluorescent
bodies-“1-F” and “2-F”, the latter thought to repe&t nondisjunction of the Y chromosome in
meiosis-were found between 20 workers exposed ®\VCif an aluminium reduction plant and 20
unexposed controls matched as to age, smoking laadakdrinking habits from the same facility.
Exposure data were not given (Heussatml 1985). These findings were confirmed by Ward
(1988, cited in ATSDR, 2002), who also found no exde effects on sperm characteristics,
including sperm count and morphology, in workerpased to CTPV in an aluminium reduction
plant (Ward, 1988, cited in ATSDR, 2002).

No other human data on the reproductive toxicityCaiP (V) were available. Dermal exposure to

coal tar was studied in a retrospective human situclyding 64 women who had been treated with

coal tar for psoriasis or dermatitis. Fifty-six thie women returned the questionnaire. In total the
women had been pregnant 103 times. In 59 of themgnpncies, no coal tar had been used, in 21
pregnancies it was unclear whether coal tar had beed or not, and in the remainder, coal tar had
been used at some point during pregnancy. Untreateghancies resulted in 19% spontaneous
abortion while treated pregnancies resulted in 2§86ntaneous abortion. The authors did not
consider this to be a significant increase in spo@bus abortion compared with the general
population, but pointed out that their sample siss small and this study probably did not have
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sufficient resolution to detect a modest increaseisk ((Fransseret al, 1999, cited in IARC,
2002).

Studies on developmental effects in humans araveitable.

5.9.4 Summary and discussion of reproductive toxicity

No valid experimental animal studies were availabléch addressed the potential reproduction
toxicity of CTPHT. Animal data was available on Imoiling coal liquid, coal tar derived products
and creosote (inhalation, oral and dermal route).

High-boiling coal liquid hadeffects onfertility in a repeated dose inhalation toxicity study (13
weeks): statistically significant increased testeghts were observed in rats from a concentration
of 140 mg/m (NOAEC 30 mg/m). At the highest tested concentration (690 niy/aiso decreased
ovary weights and loss of luteal tissue were oleskrv

Coal tar derived products and coal tar creosotertmadffects on fertility in mouse studies (with
NOAELs of 344 mg/kgw/day and 100 mg/kg, respectively). In a summara ahultigeneration
study it is reported that creosote had effectsentility in rats (at a dose level of 25 mgjkéfay)
below maternal toxic doses (75 mgftglay) (Springeet al 1982; Hacketet al 1984; Springeet
al, 1986b; Springeet al 1987; Zangaet al 1989; CCE, 2004).

Table 5.9.1 Summary of reproductive toxicity studie s with high-boiling coal liquid, coal tar
derived products, and creosote.

Type of study Species Exposure Results Reference
Repeated dose Mouse 0, 30, 140, or 690 mg/m?3 coal tar Significantly reduced relative (Springer et al, 1987)
toxicity study- aerosol; 6 hours/day; 5 days/week;  ovary weights at 690 mg/ m3.

Inhalation 13 weeks Significant decrease in luteal

tissue at 690 mg/ m3
Repeated dose Fischer 0, 30, 140, or 690 mg/m?3 coal tar No effects on reproductive organ  (Springer et al, 1986b)
toxicity study- rat aerosol; 6 hours/day; 5 days/week; 5 weights.
Inhalation weeks Significant decrease in luteal
tissue at 690 mg/ m3
Repeated dose Fischer 0, 30, 140, or 690 mg/m?3 coal tar Significantly reduced relative (Springer et al, 1986b)

toxicity study- rat aerosol; 6 hours/day; 5 days/week;  ovary weights at 690 mg/ m3.
Inhalation 13 weeks Significant decrease in luteal
tissue at 690 mg/ m3
Repeated dose Mouse 0,51, 251,462 mg/kg/day (males)  No effects on reproductive (Weyand et al, 1994)
toxicity study-Oral 0,42, 196, 344 mg/kg/day (females) organs

MGP residue @ for 94 and 185 days
a Manufactured Gas Plant residue is a coal-tar like material.

Although developmental effectsere observed in the available studies, it isakear whether they
were directly induced by high-boiling coal liquihal tar derived products, and creosote. In most of
the studies, the observed foetal deformities agoktar be related to maternal toxicity except fa&r th
study by Schipper (1961), which showed an increadeetal mortality in pigs without apparent
maternal toxicity.

In humans no adverse effects on sperm charactstisticluding sperm count and morphology,
were observed in workers exposed to CTPV in an @ium reduction plant (Heussnet al 1985;
Ward 1988 cited in ATSDR, 2002). In a retrospecsuady among psoriasis or dermatitis patients,
dermal exposure to coal tar did not induce a sicgmit increase in spontaneous abortion compared
with the general population (Franssenhal 1999). However, the sample size was probably too
small to detect a modest increase in risk.
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CTPHT may contain up to 1.5% benzo[a]pyrene, whigltlassified as toxic for reproduction
(Repr. 1B, H360). According to Regulation (EC) N272/2008 (EU, 2008b), substances
containing more than 0.3% of a substance (impucdig3sified as toxic for reproduction in category
1B should be classified as a toxic for reproductibhe same applies to 67/548/EEC above 0.5%.
For these reasons the dossier submitter proposeddsify CTPHT as toxic to reproduction (Repr.
1B, H360FD) according to Regulation (EC) 1272/2@d@l as category 2 reprotoxic (T, R60/61),
according to 67/548/EEC (EU, 1967).

As there are no sufficiently valid experimentalemidemiological studies available which address
the potential reproduction toxicity of CTPHT, RAGraes to the proposed classification (Repr.1B,
H360FD) according to the CLP Regulation and asgate2 reprotoxic (T, R60/61), according to
Directive 67/548/EEC , based on benzo[a]pyreneasunt

Note:

The classification of CTPHT for Reproductive toxycaccording to 67/548/EEC with Repro Cat 2;
R60/61 has been discussed and agreed by the TCiiC&ttober 2006 (see Annex II).

5.10 Other effects

Other effects cannot be excluded, but have not lmksrtified.

5.11  Derivation of DNEL(s) or other quantitative or qualitative measure for dose response

Not relevant for this type of report.
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6 HUMAN HEALTH HAZARD ASSESSMENT OF PHYSICOCHEMICAL
PROPERTIES

6.1 Explosivity
CTPHT is not explosive.

6.2 Flammability
CTPHT is not flammable.

6.3 Oxidising potential
CTPHT is not oxidising.
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7 ENVIRONMENTAL HAZARD ASSESSMENT

In the effect assessment below the ecotoxicity dets been evaluated for the 16 EPA-PAHs
separately. The data from both literature and ofi@RARs are used. In the different sections the
most decisive toxicity studies are described. Thibased on the data presented in the transition
dossier for CTPHT (Netherlands, 2008), in whichshedies were summarized in an Annex.

PAHSs can be toxic via different mode of actiong;tsas non-polar narcosis and phototoxicity. The
last is caused by the ability of PAHs to absorbawiblet A (UVA) radiation (320—400 nm),
ultraviolet B (UVB) radiation (290-320 nm), and some instances, visible light (400—700 nm).
This toxicity may occur through two mechanisms: tpBensitization, and photomodification.
Photosensitization generally leads to the prodoctibsinglet oxygen, a reactive oxygen species
that is highly damaging to biological material. Rimodification of PAHs, usually via oxidation,
results in the formation of new compounds and aauounder environmentally relevant levels of
actinic radiation (Lampet al 2006). The phototoxic effects can be observesr aftshort period of
exposure, which explains why for PAHs like anthrage fluoranthene and pyrene, where
phototoxicity is most evident, the acute toxicitglves are even lower than the chronic toxicity
values.

According to Weinstein & Oris (1999) there is awiog body of evidence which suggests that
phototoxic PAHs may be degrading aquatic habitssgicularly those in highly contaminated areas
with shallow or clear water. For example, the phataced chronic effects of anthracene have been
reported at those UV intensities occurring at depth 10 to 12 m in Lake Michigan (Holst &
Giesy, 1989). In addition to direct uptake of PAfitsm the water column, another potential route
of exposure for aquatic organisms is their accutiariafrom sediments (see e.g. Clemeetsal
1994; Kukkonen & Landrum, 1994), followed by subsewt solar ultraviolet radiation exposures
closer to the surface.

Ankley et al (2003) also concluded in their peer review thatHiBAare present at concentrations in
aguatic systems such that animals can achieve etissancentrations sufficient to cause
photoactivated toxicity. Although UV penetratiomcaary dramatically among PAH-contaminated
sites, in their view it is likely that at least serportion of the aquatic community will be exposed
UV radiation at levels sufficient to initiate phatdivated toxicity. They do recognize that at pne¢se
time, the ability to conduct PAH-photoactivatekrassessment of acceptable uncertainty is limited
by comprehensive information on species exposuf®Alid and UV radiation during all life stages.
PAH exposure and uptake, as well as UV exposueelilely to vary considerably among species
and life stages as they migrate into and out ofaraimated locations and areas of high and low UV
penetration. For all but sessile species, thederpatof movements are the greatest determinant of
the risk for photoactivated toxicity.

Despite these uncertainties, it is thought thatpth@totoxic effects can not be ignored in the pnese
risk assessment. It should be noted that the U\bsxe levels of the selected studies did not
exceed the UV levels under natural sun light cooilst.

7.1 Aquatic compartment (including sediment)

7.1.1 Toxicity test results

A Water-Accommodated Fraction (WAF) method to deiee the toxicity of coal tar pitch was
developed by Tadokoret al (1991) by studying different test solution prepam methods in
absence of UV irradiation: direct addition to mediathout filtration, direct addition with
supernatant after the solid material was siphongdbsolution and diluting the stock solution of
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the saturated concentration. KillifisDyzias latipe¥ read sea brean®Pégrus majoy and daphnia
(Daphnia magnawere used for testing. In the direct addition moet an extraction time of 24 hr
was used followed by a settle time of 2 hr. In dilation method, coal tar pitch was spread over a
glass plate at a rate of 50 mgfcrafter which the plate was dipped into the wafearoaquarium in
order to obtain a wider surface area for the ekittac The possible number of glass plates that
could be dipped into 1 litre of water correspondedl000 mg/L as an added amount. The total
detected amount of major components (not specified)e prepared test solutions was 0.3 % and
0.13 % (relative to total nominal loading with CTPHwith the direct addition and dilution method,
respectively. Using direct addition (with and witttdiltration) the LGo value was between 100 and
1000 mg/L for all species. With the dilution methbe LG, was > 1000 mg/L foD. latipes(other
species were not tested).

More recent, acute toxicity studies with alg@eg¢modesmus subspicgtasmd daphnidsaphnia
magng have been performed based on a WAF method (Aeti@| 2007a, b). For this purpose
pitch material was reduced to small pieces wittestlp and stirred in the test medium at different
loadings. Mixing was carried out at a speed thas wiww enough not to cause dispersion or
emulsification of the undissolved fraction of tlesttitem. After stirring for 24 h the WAFs were
allowed to stand for 1 h before use to facilitateage separation. The extracts gained with this
method were clear. Both tests where further comtlieiccording to OECD 201 and 202 in the
absence of UV irradiation. In both test thesE@alue was > 100 mg/L. No analytical data on the
PAHSs content of the test media are available.

In addition a semi-static chronic study wltaphnia magnavas performed for 21 days according
to OECD 211 (Noaclet al 2009). CTPHT material was crushed with a mortad aieved to
remove all particles >12pm. For each preparation of the test solution ahfyeprepared column
was rinsed for 48 hours by a peristaltic pump tw rate of 2 mL/min, which was used to refresh
the test medium every 48 hours. The nominal loadiag reported to be 100 mg/L. No significant
effect on mortality and reproduction was obsen/dday 0, 2, 6, 16 and 18, the test solution was
analysed for PAH content (see Table 7.1.1).

Table 7.1.1. Initial PAH concentration (ng/L) in fr  esh test solution of the chronic daphnia study
(Noack et al, 2009).

16 EPA-PAHs Day 0 Day 2 Day 6 Day 16 Day 18 Mean
Naphthalene <LOQ <L0Q <L0Q <LOQ <LOQ <LOQ
Acenaphthylene <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ
Acenaphthene 30.7 <LOQ 84.5 54.1 132 63.3
Fluorene <LOQ <LOQ 49.8 91.0 98.9 53.9
Phenanthrene 247 153 296 185 380 252
Anthracene 53.0 31.1 725 40.9 82.3 56
Fluoranthene 395 195 379 176 445 318
Pyrene 326 158 297 141 280 240
Benz[a]anthracene 102 52.6 78.8 35.7 90.3 71.9
Chrysene 95.2 50.4 69.8 36.0 91.3 80.1
Benzo[b]fluoranthene 444 <LOQ 42.3 <L0Q 49.5 33.2
Benzo[kfluoranthene <LOQ <L0Q <L0Q <LOQ <LOQ <LOQ
Benzo[a]pyrene 47.0 <LOQ 47.8 <LOQ 52.0 35.4
Dibenz[a,h]anthracene <LOQ <L0Q <L0Q <LOQ <LOQ <LOQ
Benzo[ghi]perylene <LOQ <LOoQ <L0oQ <L0Q <L0Q <L0Q
Indeno[1,2,3-cd]pyrene <LOQ <L0Q <L0Q <LOQ <L0Q <L0Q

Additional information is available concerning tkelubility of pulverized CTPHT (see Section
1.3). At 100 and 10,000 mg/L, stirred (rate unknpatroom temperature for 24 hr and filtered (0.2
pm) afterwards, the concentration in solution, egped in DOC, is 0.3 mg/L at both loading rates,
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corresponding to 0.3 and 0.003 % relative to thminal loading rates. It should however be noted
that the authors of this study specified the resa#t preliminary and not fully reliable. A blank
control was not presented for this examinationoat loadings. In a second test (pH dependence),
the control value was stated to be 0.9 mg/L TOC.

In another experiment a column containing 10 grwgly powered CTPHT (20-200 pm) was force-
percolated by 1.1 L of tap water (water recyclimy i wk). Each experimental period was
terminated by withdrawal of 1 L of the extract asubsequent replacement of this volume by 1 L
fresh tap water. This procedure was continued $owv8eks. The total of the EPA-PAHSs in the pitch
sample applied comprised of 9.9% (after GC) or 9(2%er HPLC). After the first run, 36.5 ug
PAH/L was found, after 15 cycles the total PAH cemication decreased to 11.8 pug/L and after 39
cycles to 0.9 ug/L. The first water-soluble frantwas dominated by the presence of acenaphthene
(7.3 pg/L), phenanthrene (8.8 pg/L), fluorantheds (ug/L) and pyrene (6.7 ug/L), followed by
naphthalene (1.5 pg/L), fluorene (1.2 pug/L) andheatene (0.6 pg/L). The total cumulative amount
of water-extractable EPA-PAHs amounted to approxétye870 ug/10 g (= ~0.004%).

Apart from these data, toxicity data for the indival PAHs were analyzed, which are summarized
in the next paragraphs.

Fish

Naphthalene

In the EU-RAR for naphthalene (United Kingdom, 2P@3study with fry of the pink salmon
(Oncorhynchus gorbuschdested in a flow-through system for 5 weeks whssen as the key
study, resulting in a NOEC of 120 pg/L (Moles & Rid983). This species was tested in seawater
with a salinity of 28%o. The tested life-stage obthpecies lives in seawater and not in fresh water
The lowest NOEC for naphthalene for fresh watecsgseis 370 pg/L in a similar test with fry of
Coho salmon@ncorhynchus kisutglexposed for 40 days by a continuous flow systhholgs et

al, 1981). However, Blackt al (1983) and Millemaret al (1984) reported an Lgg of 110 or 120
pHg/L for an early life stage study (ELS) with raomb trout exposed from 20 minutes after
fertilization of the eggs until 4 days after hatahiof the fry (after 23 d, total exposure 27 d)eTh
presented data by Blaek al (1983) show a clear dose-response relationshig.L 5, value of 117
Hg/L derived from a dose-response relationship witbg-logistic equation {0.96) is similar to
the values mentioned above. The;Efr survival after 4 days post-hatching is 20 pdZlearly,
this is the lowest usable effect concentratiomfgphthalene in fresh water species.

In the RAR of naphthalene the study of Blatkal (1983), was disregarded because the method
could not be repeated with toluene and it genexgirgs much lower results than standard studies.
After reconsideration, it is thought that there smene differences with naphthalene. For toluene the
difference with the other toxicity data is sevevallers of magnitude. For naphthalene, there are
several studies which show the onset of chroniecéffor effects on sensitive life stages around the
value of 20 upg/L. The Efg for toluene is also an order of magnitude loweanthtthat for
naphthalene, a compound with a Kgw that is 0.6 unit higher. Both B do further not originate
from the same publication, or at least tolueneldgen omitted from the publication. If a read-across
is performed with the data for phenanthrene from shme study instead of toluene, the data are
very well in line with another study with the saspecies and with data for other species.

Acenaphthylene

In a 96-h acute toxicity study with the Japanesed&fa Qryzias latipey the LGy for
acenaphthylene was 6400 pg/L (Yoshioka & Ose, 1993)
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Acenaphthene

The lowest Eggs for acenaphthene are for the fish speSiaisno truttaandOncorhynchus mykiss
from studies with continuous flow-system and meaduroncentrations (Holcombet al 1983).
The 96-h LGes are 580 and 670 pg/L, respectively.

Two independent ELS tests witlPimephales promelaswere carried out, one with
dimethylformamide as solvent and one without carf@airns & Nebeker, 1982). The fish were
exposed by a flow-through system and concentratiare measured. No significant effects on fork
length and wet weight were observed at concentratiower than 330-350 pg/L. In a flow-through
ELS study with the marine fis@yprinodon variegatysthe EGo derived from the presented data
for hatching was 760 pg/L (NOEC = 970 ug/L) andrfartality after hatching 610 pg/L (NOEC =
520 pg/L) (Wardet al 1981).

Fluorene

In a continuous flow system fingerlings bépomis macrochirusvere exposed for 30 d. Growth
and mortality were scored, resulting in a NOEC ¢powth of 125 pg/L (based on nominal
concentrations; Fingeat al 1985).

Anthracene

Anthracene is very phototoxic and toxic effects £4s} are observed at concentrations lower or
equal to the lowest chronic effect concentratidrigeese acute effects are observed when organisms
exposed to anthracene are irradiated by a sourakratiolet radiation for a relatively short padio

of time (e.g. half an hour). The strongest effects are obsefeedatural sunlightd.g. Allred &
Giesy, 1985; Borovskegt al 1987). The UV-intensity of sunlight on a cleaydeas measured to be
4245 pWicrf (Allred & Giesy, 1985). With the assumption thanbght has a ratio of 100:10:1
visible light:UV-A:UV-B (this is the simulated salaadiation used in most experiments) this
corresponds to an UV-intensity of 420 pWfcm

In the 6-w continuous flow toxicity study withimephales promelas light regime during hatching
was used of 16:8 light:dark by fluorescent lighthMUV-A 67.94 + 9.02 pW/ch (365 + 36 nm)
and UV-B 6.71 + 0.81 pW/cm2 (310 = 34 nm). The NO&Chatching was 6.7 pg/L.
Phenanthrene

The EGy for the largemouth baddicropterus salmoidesvas derived from an ELS test withone
effect concentration and the Efwith a log-logistic relationship and hence the enainty in this
value is rather high. Unlike the results f@ncorhynchus mykissthe effect data for the
concentration series are not reportedMiicropterus salmoideéBlack et al 1983).

Pyrene

Pimephales promelawere irradiated with UV-radiation at 750 pW/kiior 30 minutes after 30
minutes of incubation and mortality was recordesl nlext day (Kagaet al 1985). The LG was
220 pg/L.

Chrysene

In an ELS study witiBrachydanio reriono effects were observed up to concentrationsaif Qg/L
(Hooftman & Evers-de Ruiter, 1992).

Benz[a]anthracene

For fish, no standard acute toxicity data are awdd. In a study with larvae dPimephales
promelasthe median lethal time was determined (Oris & §id987). 7-d old larvae were exposed
to a measured concentrations of 1.8 pg/L benz[ajaoéne for an incubation period of 24 hour in
the absence of UV-radiation and thereafter expaeedV-light with an intensity of 20 pW/ct
UV-B (290-336 nm), 95 uW/c?nUV—A (336-400 nm). After the incubation time of Béurs, the
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medium was renewed every 12 hours. The medianllétha after UV-radiation started was 65
hours. Thus, after 89 hours, of which the last 68rk were with UV radiation, 50% mortality of the
fish larvae occurred at 1.8 pg/L.

Fluoranthene

From an ELS study witBrachydanio rerioEC,o values for length (18 pg/L) and weight effects (21
pg/L) were determined (Hooftman & Evers-de Ruite992). In an ELS study witRimephales
promelasthe no effects on growth were determined belowt 10y/L, unless UV-light was used,
which resulted in a NOEC of 1.4 pg/L (Spekaal 1999).

Benzo[a]pyrene

Two ELS studies for fish in fresh water were fouhmda 28-d ELS study witBrachydanio reriono
significant effects were observed for mortality tdieability, length, and weight up to measured
concentrations of 4.0 pg/L (Hooftman & Evers-detBi1992).

In a 36-d ELS study witlOncorhynchus mykissolutions were renewed every 7 to 10 days and
water concentrations were measured every five d&ygeous concentrations appeared to be rather
constant. It appeared that mortality and hatchirgewnot dose-response related in a range of
measured concentrations ranging from 0.08 to 3/Q #dannahet al 1982). Only at 2.4 ug/L a
significant difference in mortality was observedheTlength of alevins was significantly reduced at
all benzo[a]pyrene concentrations. However, a despense relationship was completely lacking
and the effect percentage did not exceed 8% atatentrations. At 0.21, 2.4, and 3.0 pg/L
significantly more abnormalities were observed. lde@r, at intermediate concentrations of 0.37
png/L and 1.5 pg/L no significant effects were oledr Therefore, the NOEC for abnormalities is
1.5 pg/L. If the presented data are evaluated aithg-logistic relationship, an Egof 2.9 ug/L is
derived. Due to the absence of dose-responseamsaips for mortality, hatching, and length, this
EC,o for abnormalities is considered as most criticalpoint forOncorhynchus mykiss

In a 7-d ELS study with the marine fistundulus heteroclitusnild deformities were observed in
the benzo[a]pyrene treatment groups ranging frodb @0 10 pg/L, while these effects were not
observed in the controls (Wassenbet@l 2002). The percentage effect ranged from 0 to H8%
a dose-response relationship was completely missimghe second lowest concentration of 0.5
pg/L 0% deformities were observed. Therefore, reabke endpoint can be derived from this study.

In 6-d ELS study with the marine flatfistsettichtys melanostichtise only tested concentration of
0.1 ug/L resulted in significantly reduced hatchsugcess (on the fifth day of the study) and in 5%
of the embryos deformities were found (Hosteal 1982). However, in the control group only
57.0% hatched on average, with a range from 21.89t6%. In the treated group the average
hatching success was 28.1% with a range of 7% t6%.7 The meaning of these results can
therefore be questioned, especially because a#@rhburs the percentage hatching was almost
equal.

Benzo[b]fluoranthene
No toxicity data for fish are available.

Benzo[k]fluoranthene

In two studies, the effects of benzo[k]fluoranthénean ELS test wittBrachydanio reriowas
examined. In the first 28-d study one concentratbf.58 pg/L was tested. At this concentration
52% mortality occurred (Hooftman & Evers-de Ruit&B92). In a second 42-d study a dose-
response relationship was examined. The mentionedentrations here are based on measured
concentrations per concentration and not on averagevery times the nominal concentration as
given in the report. The L{g estimated from the presented data with a log-tmgislationship was
0.65 pg/L. From the data for weight and lengthy&8e derived of 0.31 and 0.17 pg/L. Due to the
good fit of the log-logistic equation, these estiesehave a low uncertainty.
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Dibenz[a,hlanthracene

For fish, no standard acute toxicity data are awel for dibenz[a,h]anthracene. A study with larvae
of Pimephales promelasas performed to determine the median lethal ({@ws & Giesy, 1987).
7-d old larvae were exposed to a measured contiensaof 0.15 pg/L dibenz[a,h]anthracene for
an incubation period of 24 hour in the absence \éfradiation and thereafter exposed for 96 hours
to UV-light with an intensity of 20 pW/chlUV-B (290-336 nm), 95 pW/cAUV-A (336-400 nm).
After the incubation time of 24 hours, the mediuaswenewed every 12 hours. After 120 hours, of
which the last 96 hours were with UV radiation, mortality of the fish larvae occurred at 0.15

pa/L.
Benzo[ghi]perylene

In a study with Pimephales promelag-d old larvae were exposed to benzo[ghi]perylene
concentrations of 0.15 pg/L benzo[ghi]perylenedarincubation period of 24 hour in the absence
of UV-radiation and thereafter exposed to UV-liglith an intensity of 20 pW/cfrlUV-B (290-336
nm), 95 pW/crh UV-A (336-400 nm). After the incubation time of 2urs, the medium was
renewed every 12 hours and exposure in combinatitnUV-radiation lasted for 96 hours. After
120 hours, of which the last 96 hours were with tadiation, less than 20% mortality of the fish
larvae occurred at 0.15 pg/L.

In an ELS study witlBrachydanio reriono effects were observed up to concentrationsid Qg/L
(Hooftman & Evers-de Ruiter, 1992).

Indeno[1,2,3-cd]pyrene
No toxicity data for fish are available.

Aquatic invertebrates

Naphthalene

For the marine environment, some studies are dlailthat show low effect concentrations.
Caldwell et al (1977) found that naphthalene at 130 pug/L (measaomcentration) significantly
prolonged the development of larvae of the Dungemeab Cancer magistgrin a 40-d toxicity
study with continuous flow. At the lower conceniat of 21 pg/L this effect was not observed.
However, this effect was only observed with crafesnf Alaska and not with crabs from Oregon in
a duplicate experiment for 60 d. Still, the resut® significant (P<0.01) and were not only
observed for naphthalene but also for the highacenotration of the water soluble fraction of crude
oil in the same experiment.

At the only concentration tested of 14 pg/L éttal (1978) found significant adverse effects on the
lifetime (15 days) of adult marine copepod&uytemora affiniy (P<0.01) and their brood size
(P<0.01) and number of eggs (P<0.05). The testpgdg®rmed in closed bottles and solutions were
renewed daily. Concentrations were measured astédm and from preliminary measurements it
was concluded that the loss of naphthalene isthess8% in 24 h.

Sanborn & Malins (1977) tested newly hatched zdghe Dungeness cralCéncermagistej and
stage | and IV larvae of the spot shrinBaGdalusplatycero$ with radiolabelled naphthalene (5.10
Ci/mol: regular activity) exposed by continuouswlat only one concentration. The measured
concentrations varied from 8-12 pg/L. Within 36 ®0% mortality occurred. In the controls less
than 1% mortality occurred.

From the three studies above only the one fromw@alicet al (1977) is considered useful as from
the two latter studies, no NOEC could be derivedweler, these results suggest that marine
crustaceans are a sensitive group of species. Bremesults withCancer magistea NOEC of 21
Mg/L can be derived.
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NOECs are available for algae, crustaceans, fisheghinodermata. For the latter taxonomic group
the NOEC results from a toxicity test with only 4ys of exposure (Falk-Petersen & Lgnning,
1982; Saethreet al 1984). However, these studies with the greenusehin Strongylocentrotus
droebachiensisre ELS studies with eggs and because it is aevalite life-stage it can also be
regarded as a chronic NOEC.

Acenaphthylene

In a acute toxicity study 48-h withaphnia magnaacenaphthylene concentrations were measured
and the EG for immobility was 1800 pg/L (Bissoat al 2000). In a 7-d renewal reproduction
study withCeriodaphnia dubidhe EGo was 64 ug/L (Bissoet al 2000).

Acenaphthene

The 7-d EGy for reproduction ofceriodaphnia dubiaexposed to acenaphthene is 42 ug/L (Bisson
et al 2000).

Fluorene

The lowest effect value for fluorene is ang©f 25 pg/L from the 7-d reproduction study with
Ceriodaphnia dubigBissonet al 2000). The second lowest value is the NOEC 05 §@)/L from
the 21-d reproduction study witbaphnia magngFingeret al 1985). In the first study the medium
was renewed daily, in the second study the exposystem was intermittent flow. The EJor
Ceriodaphnia dubias similar to the E¢ presented in a figure for the immobility DRphnia pulex
from an acute 48-h study (Smi¢hal 1988).

Anthracene

Anthracene is very phototoxic and toxic effects {4S¥ are observed at concentrations lower or
equal to the lowest chronic effect concentratiae (also Section 0).

Ultraviolet radiation in the most sensitive chronaxicity studies was less harsh than that of
(simulated) solar radiation. The 21-d static rerlewaxicity studies withDaphnia magngHolst &
Giesy, 1989; Forast al 1991) had a light regime of 16:8 light:dark anmtal UV-radiation of 117
HW/cnt with a ratio of UV-A:UV-B of 8:1. This resulted iNOECs or EGes for reproduction of
1.5-2.0 ug/L. In a study by Allred & Giesy (198&jultDaphnia pulexvere exposed to anthracene
in the dark for 24 hours. Then they were exposefdltsunlight for half an hour. A dose-response
relationship can not be easily determined, becangeone exposure concentration does not result
in 100% effects (see Figure 7.1.1). Thes$. estimated to be 1 pg/L. From the figures it ban
concluded that all treatments with different UVensities result in very steep dose-response
relationships. If first the L& is estimated and exposure concentrations are ssguieas a ration of
this LGso for each light intensity, then a clear dose resporelationship can be derived. For
exposure to full sunlight, the lggis estimated to be 1.0 pg/L.

Daphnia pulex exposed to
anthracene and natural light

1004

% mortality
wn
o
1

log C/LC50
Reproduced from Allred & Giesy (1985). Anthracene exposure lasted for 24 hrs, followed by %2 hour of full sunlight.

Figure 7.1.1. Dose response curve for Daphnia pulex exposed successively to anthracene and full
sunlight.
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For the marine environment he lowest value is fdneb shrimp Artesia salina exposed to
anthracene for 10 hours of with irradiation by sgimi for the last eight hours (Peachey & Crosby,
1996). Similar to fresh water, this is the lowef§é& concentration available. From the figureg th
ECyo is estimated to be 1.7 pg/L. This is slightly leghhan the Eg for Daphnia pulex For the
brine shrimp, however, the exposure to sunligmtigh longer, 8 hours instead of half an hour.

Phenanthrene

For insects only 50% effect concentrations for @imthrene were reported (Landrwenal 2003).

In the study by Bleekeet al (2003) exposure is via sediment, which makesss leseful for the
aqguatic risk assessment. The lowestEHT3 pg/L) is for reproduction aferiodaphnia dubian a

7-d toxicity test.

At 20 pg/L reproduction effects were observed imparison with the solvent (acetone) control for
the marine polychaete wormNeanthes arenaceodentatxposed to phenanthrene for 8 weeks
(Emery & Dillon, 1996). However, only one subletlz@ncentration was tested and effects were
seawater without solvent showed the same effetis.validity of these results is therefore limited.
For the same species also a 96-hdfGr emergent juveniles of 51 pg/L was reportedsTast was
used to determine the sublethal concentration meet above (Emery & Dillon, 1996).

Pyrene

The lowest value for pyrene f@aphnia magnavas observed after exposure of neonates for 24 h
with 16:8 hour light:dark, then at an UV-intensitfy370+20 pW/crh (295-365 nm; peak 340 nm)
for 2 hours and 1 hour of recovery in the test mediThe EGy for immobility was 1.38 pg/L
(Wernersson, 2003). In a similar treatment (2 hafreecovery instead of 1, the gJor 4-d old
daphnids was 5.7 ug/L (Wernersson & Dave, 1997}erAbne hour of exposure in the dark
followed by one hour UV-irradiation, at 1300 pW/c(820-400 nm; peak 350 nm), the 4g@vas 4
png/L (Kaganet al 1985; Kagaret al 1987). When exposed to UV-B radiation only (irsiéy 64
uW/cnf) for four times two hours during 48 hours, thesgf@r immobility of neonates ranges from
2.7 to 20 pg/L at different hardness of the aitificest media and different concentrations of
dissolved organic matter of natural waters (Nikké@& al 1999). For the fresh water mollusc
Utterbackia imbecilisthe 24-h LG, was 2.63 pg/L with UV-A radiation (320-400 nm) a
intensity of 70 uWi/crh (Weinstein & Polk, 2001). The reported concentrai were not
analytically verified.

After 7 days of exposure Bissaet al (2000) found an Ef of 2.1 pg/L for reproduction of
Ceriodaphnia dubia

When exposed for 2 hours in the dark followed bg dour with UV-radiation (320-400 nm; peak
350 nm) at an intensity of 1300 pW/gnthe LG for nauplii of Artemia salinawas 8 pg/L (Kagan
et al 1985; Kagaret al 1987). When exposed for 2 hours in the dark ¥a#id by eight hours with
UV-radiation (peak 312 nm) at an intensity of 97T®Q pWi/cni, the LGy for nauplii of Artemia
salinawas estimated from the presented figure to bedib (Peachey & Crosby, 1996). The same
treatment with sunlightu>290 nm) at an intensity of 407-1429 pWfcrasulted in an E& of 3.4
png/L (Peachey & Crosby, 1996). From these restltsiday be concluded that the maximum
intensity of the radiation is more important thdre ttime of irradiation. Of the crustaceans
Mysidopsis bahiawas the most sensitive species. Under ultravibggtt with an intensity of
397+35.1 pW/crh UV-A (365+36 nm) and 134+22.8 pW/émUV-B (310+34 nm) with a
photoperiod of 16:8 hour light:dark the §Qvas 0.89 pg/L. Under the same conditions, the,LC
for embryos/larvae dfulinea lateraliswas 0.23 pg/L, while the Lggfor juveniles of 1 to 1.5 mm
of the same species was 1.68 pg/L (Pelletieral 1997). For embryos/larvae of the mollusc
Crassostrea gigashe shell development was monitored after an exgosf 48 hours under UV-
light with an intensity of 456.2+55 pW/éntUV-A and 6.3+0.1 pW/chmUV-B with a photoperiod
of 12:12 hour light:dark. The NOEC was 0.5 pg/L¢hget al 2002). Although the exposure time

82



ANNEX 1 —BACKGROUND DOCUMENT TORAC OPINION ONPITCH, COAL TAR, HIGH TEMP. (CTPHT)

of this study is rather short (48 hours), the emmpois a chronic one (shell
development/malformation). Except from the studyP@jletieret al (1997) concentrations were not
analytically verified.

Chrysene

The only study, that showed a considerable efféchoysene, was a determination of the median
lethal time to neonates dbaphnia magna(Newsted & Giesy, 1987). In this experiment, the
daphnids were exposed to one concentration of ehey$measured concentration of 0.7 pg/L). The
test was performed as a static-renewal acute tgxiest. After 24 hours of exposure with a 16:8
light:dark photoperiod, the animals were exposed¥6light with an intensity of 25 + 3 pW/cm
UV-B (310 + 36 nm), 120 + 5 pW/chiUV-A (365 + 36 nm), and 680 + 10 pW/énisible light
(400 to 700 nm). The median lethal time after Udiagéion started was 24 hours. Thus, after 48
hours, of which the last 24 hours were with UV adidin, 50% mortality of the daphnids occurred
at 0.7 pg/L.

Benz[a]anthracene

The 96-h LG, of Daphnia pulexexposed to benz[a]anthracene under a 12:12 h péatal to
mixed fluorescent and natural light was 10 pg/Lu€boet al 1983). The 48-h L§; of Daphnia
magnafrom a test in the dark was higher than 9.1 p@isgonet al 2000). Also under artificial
light with a photoperiod of 16:8 h light:dark 50%ortality was not reached in the highest
concentration wheBaphnia magnavas exposed for 24 hour. The same test followeidragiation
with UV (295-365 nm; peak 340 nm) with an intensify370 + 20 pW/crhfor 2 hours and 1 hour
of recovery in the test medium lead to ans4-6f 3.4 pg/L. UV-radiation thus increases the tiyic
of benz[a]anthracene.

For Ceriodaphnia dubiano effects were observed in a 7-d study at conatoms up to 8.7 pug/L
(Bissonet al 2000).

Fluoranthene

For the annelidtylaria lacustristhe reported data are from a study with sedimepbgure (Suedel
et al 1996) and are also less suitable for the rislessssent for the aquatic compartment. The
number of taxonomic groups is thus reduced to six.

The lowest chronic NOECs or E€are in between 1.0 and 1.5 pg/L. Bissdral (2000) found an
ECyo of 1.2 pg/L for the reproduction @eriodaphnia dubizexposed to fluoranthene for 7 days
under laboratory light with an intensity less tHs®0 lux. Oriset al (1991) found for the same
endpoint NOECs of 57 and 32 pg/L. Wilcoxeinal (2003) reported a 10-d Lgfor the amphipod
Hyalella azteceof 1.1 pg/L. This test was performed under UV-erdeal light with a photoperiod
of 16:8 hours light:dark and an intensity of 7.5#fem® UV-B, 102.08 pW/crhUV-A, and 289.24
HW/cn? visible. The LG, decreased strongly with UV-intensity. Under gatght (intensity of 0.17
HW/cn? UV-B, 0.09 pW/cm UV-A, 167.72 uWi/cr visible) and fluorescent light (intensity of
1.32 uW/cm UV-B, 13.65 pW/crh UV-A, 424.69 uWi/crh visible) the LGes were 56 and 8.0
pg/L, respectively. However, these values are coaipe with the reported EgS.

When exposed under laboratory ultraviolet lightha®83 pW/cm UV-A and 47 pW/crh UV-B
and a photoperiod of 12:12 h light dark, Spettaal (1999) found a NOEC of 1.4 pg/L for growth
of Daphnia magnaexposed for 21 days. With UV-enhanced light veithintensity of 102 pW/cfn
UV-A, 7.5 pW/cnf UV-B, and 289 pW/crvisible light and a photoperiod of 16:8 h lightklaa
10-d LG, for Hyalella aztecawas found of 1.1 pg/L (Wilcoxeret al 2003). In all these
experiments concentrations were experimentally rdeteed. For the fresh water mollusc
Utterbackia imbecilisthe 24-h LGy was 2.45 pg/L with UV-A radiation (320-400 nm) a
intensity of 70 pW/crh(Weinstein & Polk, 2001).
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However, the same effect that was observed forracgime is also observed for fluoranthene.
Fluoranthene appears to be extremely phototoxiawgloene organisms are exposed in combination
with ultraviolet radiation, such as sunlight. Treue LGgs of fluoranthene for fresh water species
exposed under laboratory lighting with UV are conafde or even lower than the chronic NOEC.
The 96-h LGgs for the freshwater oligochadtembriculus variegatusndHydra americanavere

1.2 pg/L and 2.2 pg/L, respectively, with ultragblight with 359-587 uW/cmUV-A and 63-80
HW/cn? UV-B and a photoperiod of 12:12 h light dark. ™&h LGy, for Daphnia magnavas 1.6
Hg/L, with ultraviolet light with 783-850 pW/chiUV-A and 104 pW/crhUV-B and a photoperiod

of 12:12 h light dark (Spehat al 1999).

In the marine environment studies by Boeseal (1999) and Swartet al (1990) are sediment
studies in which the overlying water was measutedhe study by Spehat al (1999) a 31-d
chronic NOEC for the reproduction of the Mysid shpi Mysidopsis bahiaare reported. With a
photoperiod of 16:8 hours light:dark in fluoreschgit the NOEC was reported to be 11.1 pg/L. If
instead UV-radiation was applied (465-724 pW/dsv-A and 68-109 pW/chmUV-B), the NOEC
dropped to 0.6 pg/L.

Under the same UV-conditions conditions, also stu@e, values were found. The 48-h gdfor
the marine mollusdulinia lateralis was 2.8 pg/L, the 96-h Lgg for Mysidopsis bahiavas 1.4
Mg/L, the 48-h LG, for the urchinArbacia punctulatawas 3.9 pg/L and the 96-h k&Lfor
Pleuronectes americanwgas 0.1 pg/L (Spehat al 1999).

Benzolalpyrene

Only acute toxicity data with exposure to UV-ligtgsult in effects at concentrations near the
aqueous solubility (1.2-1.8 pg/L; Mackay al 2000). The lowest acute value is thesgE@f 1.2
pg/L for immobility of Daphnia magnaafter exposure for 24 h with a 16:8 light:dark fgperiod,
then 2 hours exposure to UV (295-365 nm; peak 3dPwith an intensity of 370 + 20 pW/érfor

2 hours, followed by 1 hour of recovery in the testdium (Wernersson, 2003). In an earlier study
with similar exposure except from the fact the xexy period was 1 hour instead of 2 hours, the
ECso was 8.6 pug/L (Wernersson & Dave, 1997).

The 7-d EGy for reproduction ofCeriodaphnia dubias 0.5 pg/L (Bissoret al 2000). Also in this
case concentrations were measured. The,EStimated from the presented data, and NOEC for
reproduction oDaphnia magnan 14-d study were 12.5 pg/L (Atienzer al 1999), a value which

is above the aqueous solubility of benzo[a]pyrdriee actual concentrations were not measured in
this study.

A 48-h study with eggs and sperm of the echinod8trongylocentrotus purpuratu$loseet al
1983) might be considered as chronic as well, b®xausensitive part of the life-cycle of this
organism is incorporated. No significant effectsravebserved on fertilisation success of eggs.
After 48 hours however, the embryos exposed to aima concentration of 1.0 pg/L
benzo[a]pyrene and higher showed a significantijnér percentage abnormalities of the gastrulae.
Only the nominal concentration of 0.5 pg/L was wsanificantly different from the solvent
(ethanol) control. All treatments, including thdvamt control were significantly different from the
sea water control. The percentage effect shows se-tesponse relationship in the nominal
concentrations of 0.5, 1, and 5 pg/L. At higheraanirationsj.e. above the agueous solubility, the
effect percentage remains rather constant. The ecdrations were measured and initial
concentrations were within 10% of the nominal valuAfter 48 hours all concentrations had
declined to about 0.5 pg/L except from the higlestcentrations of 50 pg/L, which had declined
to 2 pg/L.

The shell development of embryos of the moll@assostrea gigasvas investigated in a 48-h
study (Lyonset al 2002). Under UV lacking fluorescent laboratoghling with a photoperiod of
12:12 h light:dark, the NOEC for abnormal shellsligig/L. With a log-logistic relationship, the
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derived EGo from the presented data is 1.1 pg/L. When UV iathoh with an intensity of 456.2 +
55 uW/cnf UV-A and 6.3 + 0.1 pW/cmUV-B with a photoperiod of 12:12 h light:dark wased,

the NOEC reduced to 0.5 pg/L. The presented datev shclear dose-response relationship and the
EC,o derived from these data with a log-logistic eqoraiis 0.22 pg/L.

A method for evaluating pollutant genotoxicity, emyditoxicity and teratogenicity using sea urchin
(Strongylocentrotus purpuratusembryos was developed by Hose (1985) and testdgu
benzo[a]pyrene. No effects were observed on thiitieup to 50 pg/L. However, significant fewer
embryos treated with at least 1 pg/L had complgestrulation than the control. Genotoxic effect,
as evidenced by increased anaphase aberrationwateseven significant at the lowest dose tested,
0.5 pg/L. Chromosomes or acentric fragments outsiide spindle apparatus and translocation
bridges.

The effect of benzo[a]pyrene and other compoundsbiean investigated on survival, development,
and reproduction of the estuarine copeadytemora affinis For survival of the adult stage a
NOEC of 12 ug/L was observed (96-h LC50 was 58 judlarvae (nauplii stage) exposed to this
NOEC never reached the copepodid stage and subgbqded (Forget-Lerayet al 2005). The
NOEC for the complete life cycle should therefoee<12 pg/L.

Benzo|blfluoranthene

Some acute toxicity studies for benzo[b]fluoranthéave been performed wilaphnia magnaln

a standard 48-h study performed in the dark, naityxwas found up to 1.1 pg/L (Bissaet al
2000). In a 24-h study with a photoperiod 16:8dhti dark no toxicity was found either. In the
same treatment but extended with 2 hours of irtemiavith UV light (295-365 nm; peak 340 nm)
with an intensity of 370 + 20 pW/cmand a recovery period of 2 hours, thesgfor immobility
was 4.2 pg/L (Wernersson & Dave, 1997). This i atiove the aqueous solubility of 1.1-1.5 pg/L
(Mackay et al 2000). No toxic effects were observed as weliwn chronic toxicity studies with
the algaePseudokirchneriella subcapitatand the crustaceaBeriodaphnia dubiaBissonet al
2000).

Benzolk]fluoranthene

Acute toxicity data for benzo[k]fluoranthene ardyoavailable forDaphnia magnaHowever, in
the two available studies (Bissat al 2000; Verrhiestet al 2001) no effects were observed.
However, due to the low solubility of benzo[k]fl@mthene of about 1 pg/L (Mackay al 2000),
acute effects are not anticipated. However, inftereproduction study witReriodaphnia dubia
no effects were observed either (Bissbal 2000).

Dibenz[a,hlanthracene

The lowest acute value for immobility 8faphnia magnaexposed to dibenz[a,h]anthracene is the
ECso of 1.8 pg/L after exposure for 24 h with a 16ghtidark photoperiod, then 2 hours exposure
to UV (295-365 nm; peak 340 nm) with an intensity3@0 + 20 pW/crhfor 2 hours, followed by 1
hour of recovery in the test medium (Wernersso®320In an earlier study with similar exposure
except from the fact the recovery period was 1 hiostead of 2 hours, the B£was 4.6 pg/L
(Wernersson & Dave, 1997).

No chronic effect was observed at concentrationstwp0.032 pg/L in a 7-d study with
Ceriodaphnia dubia

In studies with the annelidlNeanthes arenaceodentat@ossi & Neff, 1978) no effects at
concentrations near the aqueous solubility of difgeh]anthracene were observed.

Benzo[ghi]perylene

The 48-h LG, for Daphnia magnaxposed to benzo[ghi]perylene was higher tharu@/2, which
is in itself higher than the aqueous solubilityoof4 pg/L (Mackayet al 2000). The Eg of 0.082
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png/L from a 7-d reproduction study with the crus@tCeriodaphnia dubigBissonet al 2000) is
below the aqueous solubility.

Indeno[1,2,3-cd]pyrene

Indeno[1,2,3-cd]pyrene was not acutely toxid@phnia magnaat concentrations up to 357 pg/L.
The 7-d EGo for reproduction ofCeriodaphnia dubiawas 0.27 pg/L. In all three cases
concentrations were measured (Bissbal 2000).

Algae and aquatic plants

Naphthalene

In a study with the duckweddemna gibbahe lowest Eg for growth was 280 ug/L (Reet al
1994), but this was after photomodification of nidnathene. Otherwise no effects were observed
below 2000 pg/L (Reet al 1994).

Acenaphthylene

In a 72-h static long term study wiPseudokirchneriella subcapitaaxposed to acenaphthylene
the EGo was 82 ug/L (Bissoet al 2000). An EGy value was not reported, but should be higher
than the reported Bgvalue.

Acenaphthene

For acenaphthene no Effor algae is reported. However, a good toxicitydst with
Pseudokirchneriella subcapitata available (Bissoret al 2000) for which only the Efg of 38
pg/L is reported. The Bgmust therefore be higher than this value.

Fluorene

In a 72-h static long term study wiBseudokirchneriella subcapitaexposed to fluorene the EC
for growth was 820 pg/L (Bissogt al 2000), but in a 7d test with the same speciesE@ for
cell number was 1400 pg/L (Finget al 1985). In a study with the duckweédmna gibbathe
lowest EC10 for growth was 280 pg/L (Rehal 1994), but this was after photomodification of
naphthalene. Otherwise no effects were observanhb2000 pg/L (Remt al 1994).

Anthracene

Anthracene is very phototoxic and toxic effects £s} are observed at concentrations lower or
equal to the lowest chronic effect concentratizes (also Section 0).

In a short-term study (Gala & Giesy, 1992) algaesnexposed to anthracene in a static renewal set-
up for 34-36 hours with 765 pW/@ryV-A during the last 22-24 hours. UV-B was filtdreut. The
NOECs and Egs for growth rate and primary production rangednfrb.4 to 1.5 pg/L. In these
three chronic studies experimental concentratiom®wneasured.

Short-term (24-h) experiments were performed taréra the effect of anthracene on green alga
Scenedesmus armatgeown in a batch culture system at irradiance$f33, 48, and 64 W/nof

the photosynthetically active radiation range. ngs were aerated (0.1 or 2% £Or nonaerated.
As a result of aeration (evaporation) the concéintmeof anthracene dropped from 0.45 mg/L at the
beginning of the experiment to an undetectable evaditer 10 h. At nominal concentrations
exceeding 0.05 mg/L inhibited the growth of theaalgn a concentration- and irradiance-dependent
manner. The effect observed at 64 and 48 ims independent of the G@evel, whereas the
growth inhibition at 33 and 12 W/mwas much greater in cultures aerated with 2% thigm 0.1%

COo.
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Phenanthrene

For phenanthrene the lowest £G10 pg/L) is for growth rate of the alg&seudokirchneriella
subcapitata(Halling-Sgrenseet al 1996), but this is not the only value for thigae species. The
authors tested several different experimental pstuarying in exposure time and enrichment with
bicarbonate to control the pH and whether or netsystem was closed. In another recent study the
ECyo for growth rate ofPseudokirchneriella subcapitataas also higher (23 pg/L: Bissat al
2000).

Pyrene

The lowest chronic value for algae is the 72-hd&@ 1.2 pug/L for growth oPseudokirchneriella
subcapitata(Bissonet al 2000). For the macrophyteemna gibbaRenet al 1994; Huanget al
1995; Huanget al 1997a; Huangt al 1997b) and the cyanophyfamabaena flos-aquéBastian &
Toetz, 1982) no toxic effect were observed at cotragions up to the aqueous solubility. All
concentrations except data from Huan@l (1997a; 1997b) were analytically verified.

Chrysene

In a 72-h static long term study withseudokirchneriella subcapitataxposed to chrysene no
effects were observed below 1 pg/L (Bissetnal 2000). In a study with the duckweéémna
gibbano effects were observed below 2000 pg/L (Beal 1994).

Benz[alanthracene

The growth ofPseudokirchneriella subcapitgt@xposed to benz[a]lanthracene concentrations far
above the aqueous solubility, was not inhibitedbb% when illuminated with a 16:8 h light:dark
photoperiod with cool white fluorescent light (Coeltyal 1984).

The 72-h EG for inhibition of growth of Pseudokirchneriella subcapitattom a study with
measured concentrations of benz[a]anthracene igd/I2 (Bissonet al 2000). For the same algae
species Codet al (1984) presented a dose-effect relationship. Rteendata in the figure, a 96-h
ECyo of 18 pg/L can be estimated with a log-logistitatienship. However, the uncertainty in this
estimate is substantial due to the flatness of dbge-response curve, probably as a result of
solubility limitations: the aqueous solubility oéhz (a)anthracene is around 10 pg/L (Maokag|
2000). Further, this value is based on nominal eotrations. Probably most important, from the
presented spectra it is estimated that the tagat intensity is less than 50 pW/gnalthough the
light intensities are given at single wavelengi@edy et al 1984). The light intensity may play an
important role in the lower Eg@ from the study by Bissoret al (2000). Therefore, the
aforementioned values of 1.2 pg/L is considerelgetonore realistic than this value of 18 pg/L, due
to the low light intensity. For the cyanophyteabaena flos-aquthe NOEC for after two weeks of
exposure was 8.3 ug/L although at 5 pg/L also Bagmit effects were observed (Bastian & Toetz,
1982). Therefore, no clear dose-response relatipnslas observed. The light regime was
continuous light at 951-1903 pW/@m(200-400 foot candles). The concentration of
benz[a]anthracene declined by 85% in 14 days. Tded effect concentration is therefore
overestimated. Not the growth rate was determinetis study, but the biomass after 14 days.

In a study with the duckweddemna gibbaonly concentrations far above the aqueous solylzile
reported (Huangt al 1997a; Huangt al 1997b).

Fluoranthene

The EGy derived from the graphs for the cyanobacteridinabaena flos-aquéBastian & Toetz,
1982) is rather uncertain. The lowest concentratiame a relatively high effect percentage in
relation to both the control and the second comaénoh. Therefore, a NOEC could not be derived
(<0.38 pg/L) (Bastian & Toetz, 1982). The @or the algadPseudokirchneriella subcapitaia
8.6 ug/L (Bissoret al 2000).
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Benzo[a]pyrene

The lowest EG, for algaePseudokirchneriella subcapitaexposed to benzo[a]pyrene is 0.78 pg/L
(Bissonet al 2000). This test was performed with a light irsign of 6000 to 8000 lux (~ 2000
HW/cn? with cool white fluorescent lamps). Concentratiovere measured. For the same species,
the EGy can be estimated from the data presented by €bdl(1984). The Eg under cool white
fluorescent light was 10 pg/L, under black ligh®®.ug/L. Here, reported concentrations are
nominal. Although the light intensities are givdrsengle wavelengths, from the presented spectra it
is estimated that the total light intensity is I¢ésan 50 pW/crhin all cases. Therefore, the light
intensity may play an important role in the lowe;Efrom the study by Bissoet al (2000).

Benzo[b]fluoranthene

For algae no E& is presented. However, in the 72-h study vidgeudokirchneriella subcapitata
the EGo for growth is larger than 1 pg/L (Biss@t al 2000) and hence the E{must also be
higher than this value.

Benzolk]fluoranthene

For algae no E&g is presented. However, in the 72-h study wigeudokirchneriella subcapitatay
Bissonet al (2000) the Eg for growth is larger than 1 pg/L and hence thgdg@Bust also be
higher than this value.

Dibenz[a,h]lanthracene

For algae no E& for dibenz[a,h]anthracene is presented. Howewuerthie 72-h study with
Pseudokirchneriella subcapitathe EGo for growth is 0.14 pg/L (Bissoat al 2000) and hence
the EGo must be higher than this value.

For Lemna gibbano chronic effects at concentrations near the @gueolubility were observed
(Huanget al 1997a; Huangt al 1997b).

Benzo[ghi]perylene

For algae no E&gis available. However, in the 72-h study witkeudokirchneriella subcapitatae
ECyo for growth is larger than 0.16 pg/L (Bisseh al 2000) and hence the EfOmust also be
higher than this value.

For Lemna gibbahe reported effect concentrations are far abbeeatjueous solubility (Huaresf
al, 1997a; Huangt al 1997b).

Indeno[1,2,3-cd]pyrene
The 72-h EGy for the growth rate dPseudokirchneriella subcapitatgas 1.5 pg/L.

Sediment organisms

Not relevant for this type of report.

Other aquatic organisms

Not relevant for this type of report.

7.1.2 Calculation of Predicted No Effect Concentration (NEC)

Not relevant for this type of report.
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7.2 Terrestrial compartment

Not relevant for this type of report.

7.3 Atmospheric compartment

Not relevant for this type of report.

7.4 Microbiological activity in sewage treatment systern

Not relevant for this type of report.

7.5 Calculation of Predicted No Effect Concentration fo secondary poisoning
(PNEC_oral)

Not relevant for this type of report.

7.6 Conclusion on the environmental classification antabelling

General

Because CTPHT is a UVCB substance, it is very diffito classify CTPHT on the basis of the
individual components. In addition, not all the gmments can be analyzed when diluted in water.
Furthermore, the different CTPHT components infeeerach other’s solubility in the water phase
and consequently the composition in the water phalsaot be the same at different loadings.

Therefore, the water-accommodated fraction (WAR)rapch is considered most appropriate to
classify CTPHT, as recommended for oil products pratlucts such as creosote in the OECD
Guidance Document on Aquatic Toxicity Testing dffifilt Substances and Mixtur§©ECD,
2000). With this approach the toxicity of complexiltacomponent substances, which are only
partially soluble in water, can be determined bgparing water-accommodated fractions (WAFS)
at different loadingsg(.g.1, 10 and 100 mg/L). The term water-accommodatactibn is applied to
agueous media containing only the fraction of radtnponent substances that is dissolved and/or
present as a stable dispersion or emulsion. Téatatdained with WAFs apply to multi-component
substances as an entity. The classification cait@m applied to the loading rate.

A WAF method to determine the toxicity of coal fatch was developed by Tadokogbal (1991)

by studying different test solution preparation noels in absence of UV irradiation: direct addition
to media without filtration, direct addition withugernatant after the solid material was siphoned
out of solution and diluting the stock solution thie saturated concentration. KillifisiD yzias
latipes, red sea breanPégrus majoy and daphnialfaphnia magnawere used for testing. In the
direct addition method an extraction time of 24Mas used followed by a settle time of 2 hr. In the
dilution method, coal tar pitch was spread ovetaagplate at a rate of 50 mg/grafter which the
plate was dipped into the water of an aquariumriateoto obtain a wider surface area for the
extraction. The possible number of glass plates tdwauld be dipped into 1 litre of water
corresponded to 1000 mg/L as an added amount. dthkdetected amount of major components
(not specified) in the prepared test solutions d&s% and 0.13 % (relative to total nominal loading
with CTPHT) with the direct addition and dilutiorethod, respectively. Using direct addition (with
and without filtration) the L& value was between 100 and 1000 mg/L for all sgedidith the
dilution method the L& was > 1000 mg/L fo®. latipes(other species were not tested).

More recent, acute toxicity studies with alg@eg¢modesmus subspicgtasmd daphnidsaphnia
magng have been performed based on a WAF method (Astial 2007a, b) using powered pitch
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material in the absence of UV irradiation. For bsfiecies the Ef value was > 100 mg/L. No
analytical data on the PAHs content of the testisnack available. In addition a semi-static chronic
study withDaphnia magnavas performed, also based on the WAF method atranal loading of
100 mg/L and in the absence of UV irradiation. mgicant effect on mortality and reproduction
was observed.

As shown in Section 7.1, several PAHs are knowbeaghototoxic and also gave the lowestEC
values in the presence of UV irradiation in comgami to other non-phototoxic PAHs. In that
respect it is necessary that if the WAF methodsisduthe aquatic species are tested in the presence
of UV irradiation. All the toxicity data for CTPHTrom the WAF studies are however obtained in
the absence of UV irradiation. Hence, it provetbéampossible to draw any definitive conclusions
on the aquatic classification of CTPHT based orMil- studies performed.

An alternative approach, in line with the appro&alowed for metals and poorly soluble metals, is
the comparison between the dissolved PAH concémnratt different loadings,e. 1, 10 and 100
mg/L, and the toxicity data obtained for the indiMPAHs. To determine the overall toxicity of the
mixture the additivity formula can be used. In ademce with the transformation/dissolution
protocol for metals, the CTPHT material should thea stirred for 7 days for the acute
classification (at a loading of 1, 10 and 100 mgihd 28 days for the chronic classification (at a
loading of 1 mg/L). However, no analytical dataaatoading of 1 and 10 mg/L are available.
Analytical data at a loading of 100 mg/L are auagafrom the chroni®daphnia study but only
after a 48 hours period of extraction. Nevertheld#ss measured concentration of both fluoranthene
and pyrene are above the lowest reportegh E&lue based on which CTPHT should be at least be
classified at a loading of 100 mg/L. It is diffitldt present to extrapolate the summation of all
PAHs at 100 mg/L downwards to lower loadings inemize of relationships between the loading
and time of extraction on the one hand and betwesating and solubility of PAHs on the other.
Table 7.6.1. A comparison between the initial PAH ¢ oncentration (ng/L) in fresh test solution after

a 48 hour extraction at a loading of 100 mg/L (Noac k et al, 2009) and the lowest acute
toxicity data.

16 EPA-PAHs Mean ECso value Ci/ECso
Naphthalene <L0Q 1000000

Acenaphthylene <LOQ 1800000 -
Acenaphthene 63.3 580000 0.00
Fluorene 53.9 25000 0.00
Phenanthrene 252 51000 0.00
Anthracene 56 1000 0.06
Fluoranthene 318 100 3.18
Pyrene 240 230 1.04
Benz[a]anthracene 71.9 18000 0.00
Chrysene 80.1 700 0.1
Benzob]fluoranthene 33.2 >WS -
Benzo[k]fluoranthene <LOQ >WS -
Benzo[a]pyrene 35.4 1200 0.03
Dibenz[a,h]anthracene <LOQ >WS -
Benzo[ghi]perylene <LOQ >WS
Indeno[,23-cdlpyrene <toa WS
Total 4.44

Given the considerations mentioned above, it wasddd that an alternative for the environmental
classification of CTPHT is necessary. The altexgatised is based upon the rules laid down in
Annex |, section 1 of Regulation (EC) 1272/2008 (R008b). CTPHT is considered as a ‘mixture’
in this perspective. For the classification of rahes two approaches are described in this
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Regulation, a classification based on summatioriasfsified components and one based on toxicity
test data.

For CTPHT the classification based on summatiopreferred, because apart from toxicity test
data, this method also takes into account the giersie and bioaccumulation potential of the
mixture. For this classification each individualngmonent is classified (if possible), and then the
(weighed) content of classified components (inghme category) is summed. If this sum exceeds
25% then the whole mixture is classified the sase® (Annex I, section 4.1.3.5 of Regulation (EC)
1272/2008). To add more weight to highly toxic caments, multiplying factors (M-factors) are
assigned to the individual components, which depemthe L(E)G, value of the component (see
§4.1.3.5.5.5 in Annex | of Regulation (EC) 1272/2)0

The 16 individual EPA-PAHs were analysed with respe their acute aquatic effects data and the
lowest available E§ or LCso was chosen as a point of departure for aquatiardadassification.
The effects data are described in more detail cti®@® 7.1. These lowest acute toxicity data were
combined with degradability and bioaccumulationad@atr each of the individual PAHS to come to
a classification for each individual PAH (based mpbe criteria from Regulation (EC) 1272/2008
and those from Council Directive 67/548/EEC).

These data and classifications are summarizedhbteTa6.2. Due to the entry into force of the 2nd
ATP of CLP (Commission regulation (EU) 286/2011 (E2011) amending, for the purposes of its
adaptation to technical and scientific progressguRdion (EC) No 1272/2008), the acute data
summarized in Table 7.6.2 have been consideredfonlihe classification for acute hazards. For
the long-term aquatic hazards, the classificatioased upon the new criteria are summarized in
Table 7.6.4.

For thirteen of the 16 EPA-PAHSs this classificatisnN; R50/53 and Aquatic Acute 1;Aquatic
Chronic 1, for one PAHi.g. acenaphthylene) this classification is N; R51/68 Aquatic Chronic

1, for one PAH this classification is N; R50/53 afquatic Chronic li(e. benzo [ghi]perylene);
and for one PAHSs the conclusion is ‘not classifidde to non-occurrence of effects up to the limit
of water solubility {(.e. benzo[b]fluoranthene).

Classification for aquatic short-term hazards

In the next step in classification of CTPHT basadsammation, M-factors were assigned to the 16
EPA-PAHSs (see Table 7.6.2). For three of the PABIsviafactors could be assigned, either due to
non-occurrence of effects up to the limit of watmlubility (i.e. benzo[b]fluoranthene and
benzo[ghi]perylene) or due to relatively low toxyci(i.e. acenaphthylene). For the other PAHs
these M-factors were then used to calculate thghwahat each of the PAHs contributes to the
toxicity of CTPHT by multiplying the weight base@nsentage of each specific PAH in CTPHT
(data for binder pitch, which is considered as mekvant for the classification of CTPHT, taken
from Table 1.2.1) with the corresponding M-fact®mce all the PAHs to which an M-factor could
be assigned are classified as Aquatic Acute 1 aobss, all their contributions to the toxicity of
CTPHT were then summed to come to an overall daution (in %) to the toxicity of CTPHT,e.
14521% (see Table 7.6.2). Since this value is @Qve the 25% limit from Regulation (EC)
1272/2008, it is proposed to classify CTPHT as AiguAcute 1 according to Table 3.1 of Annex
VI of this regulation.

% In Directive 1999/45/EC (EU, 1999) for classificat of preparations (and its adaptations and amentsj weight

of individual components was added by setting cotretion limits. In Regulation (EC) 1272/2008 (E2D08b)
these concentration limits are converted to M-fectBor readability only M-factors are mentionedehe
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In Directive 1999/45/EC (EU, 1999) the summatiorthoe is based on concentration limits instead
of M-factors. For N; R50/53 substances a conceaotrdimit of >25% equals an M-factor of 1, a
concentration limit 0£2.5% equals an M-factor of 10, etc. The contributad each constituent in
the overall toxicity of the mixture is then calcield by dividing the weight based percentage of the
constituent (in %) by the concentration limit (ir) $6ee Table 7.6.2). Since all the PAHs to which
concentration limits could be assigned are class$ifis N; R50/53 substances, all their contributions
to the toxicity of CTPHT were then summed to coraeah overall contribution (in %) to the
toxicity of CTPHT,i.e. 581% (see Table 7.6.2). Since this value is @Qve the 25% limit from
Directive 1999/45/EC, it is proposed to classifyRHIT as a N; R50/53 substance according to this
directive (and Table 3.2 of Annex VI of Regulati@C) 1272/2008).

It should be noted that for this classificationsitassumed that all PAH present in CTPHT will
dissolve into the water phase and thus be avaitablaquatic) organisms. This is likely to give an
overestimation of the toxicity of CTPHT. Howeveinee the composition of the WAF is uncertain
this toxicity estimate can be seen as a worst dasaddition, it cannot be ruled out that other
components of CTPHT will contribute to the ovetalticity of the substance.

Furthermore, it should be noted that in contrasthwiour classification, naphthalene and
benzo[b]fluoranthene are included in Annex VI of geiation (EC) 1272/2008 with the
classification Aquatic Acute 1;Aquatic Chronic 1N/ R50/53 (as well as chrysene, benz[a]-
anthracene, benzo[a]pyrene, benzo[k]fluoranthen®l dibenz[a,h]anthracene). Since CTPHT
would be classified as Aquatic Acute 1; Aquatic @tic 1 based on the other PAHs already, this
classification would gain more weight if naphthaesnd especially benzo[b]fluoranthene would
have been included in the summation.

When CTPHT is used in a mixture, the classificafsnAquatic Acute 1 requires the assignment of
an acute M-factor. For UVCB substances such as TRbwever, setting an M-factor is difficult,
since by definition the composition of the substantay vary. For CTPHT-containing mixtures it
may be more feasible to classify the mixtures leygshmmation method by using the classification
of the individual toxic componentsd. the PAHs in CTPHT).

If, notwithstanding the arguments above, therenged for an M-factor for CTPHT, (an indication
of) the overall toxicity of CTPHT should be knowror an indication of the overall toxicity the
classification method based on test data may becosedul (see 84.1.3.5.2 in Annex | of
Regulation (EC) 1272/2008). For this classificateom overall L(E)Go for CTPHT is calculated
using the following equation:

¥C .y G

L(E)CSOm n L(E)CSOi

where:

Ci = concentration of component i (weight percentage)
L(E)Csoi = LCs0 or EG; for component i (in mg/L)

n = number of components

L(E)Csom = L(E)Csp of the part of the mixture with test data

The weight based percentage of each specific PAKTRHT (data for binder pitch, which is
considered as most relevant for the classificado@TPHT, taken from Table 1.2.1) divided by its
corresponding lowest acute toxicity value is givanTable 7.6.2. For three of the PAHSs this
calculation was not possible, either due to nondoence of effects up to the limit of water
solubility (i.e. benzo[b]fluoranthene and benzo[ghi]perylene) ce tlurelatively low toxicity i(e.

naphthalene). Acenaphthylene was not detected IRHIT so toxicity of this compound was not
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used in calculating the overall toxicity of CTPHAIthough it cannot be ruled out completely that
the compound is present and thus contributes ttothieity of CTPHT.

Using these data in the given equation, resultlerfollowing equation:

% =21280, resulting in L(E)Gom being 0.00043 mg/L.

50m

This value would result in an acute M-factor of @0@ should be noted, however, that for such an
exercise the concentration (weight percentage)hef individual toxic components should be
known. For CTPHT containing mixtures, when measems are needed to determine these
concentrations, it appears to be more appropratetermine these in the mixture rather then in
CTPHT. Subsequently these concentrations can tleruded in the classification based on
summation.

93



ANNEX 1 —BACKGROUND DOCUMENT TORAC OPINION ONPITCH, COAL TAR, HIGH TEMP. (CTPHT)

Table 7.6.2.  Aquatic hazard classification of CTPHT
16 EPA-PAHs Degrada- Bioaccumu-  Lowestacute Contentin Proposed classification of PAH9  Multi- M x content Concen- Contentin  Contentin
bility 2 lation®) aquatic toxicity CTPHT  According to Accordingto  Plying inCTPHT  tration CTPHT/ CTPHT
value (E/LCs0)) (% wiw)© Annex IV Annex IV factor (% wiw)f) limit(%) Concentra- (% wiw)/
in mg/L Table 3.1 Table 3.2 (M)@ tion limit9 E/LCsoM
(acute hazard)
Naphthalene NR >500 1.0 0 H400 H400; H410 1 0 25 0 0
Acenaphthylene NR >500 1.8 0 N; R51/53 - - - - 0
Acenaphthene NR >500 0.58 0.043 H400 N; R50/53 1 0.043 25 0.00172 0.074
Fluorene NR >500 0.025 0.047 H400 N; R50/53 10 0.47 25 0.0188 1.88
Anthracene NR >500 0.001 0.13 H400 N; R50/53 1000 130 0.025 52 130
Phenanthrene NR >500 0.051 0.63 H400 N; R50/53 10 6.3 25 0.252 124
Pyrene NR >500 0.00023 0.95 H400 N; R50/53 1000 950 0.025 38 4130
Chrysene NR - 0.0007 ¥ 0.81 H4001) N; R50/53 ) 1000 810 0.025 324 1157
Benz[a]anthracene NR >100 - <500 0.0018 0.77 H400) N; R50/53 100 77 0.25 3.08 428
Fluoranthene NR >500 0.0001 1.1 H400 N; R50/53 10000 11000 0.0025 440 11000
Benzo[a]pyrene NR >100-<500 0.0012% 1.0 H4007 N; R50/53 100 100 0.25 4 833
Benzo[b]fluoranthene NR - > water solubility 1.2 not classified ! not classified = - -0 - —-m
Benzo[k]fluoranthene NR - 0.00065 0.61 H400) N; R50/531 1000 610 0.025 24 .4 938
Dibenz[a,h]anthracene NR - 0.0018 017 H4001 N; R50/531 100 17 0.25 0.68 94.4
Benzo[ghi]perylene NR - > water solubility ~ 0.87 not classified not classified = - -0 - —-m
Indenolt 23-cdlpyrene  NR - 000027 09t | HAO0)  N;RSOS3) 1000 910 0025 364 30
Total 9.2 14521 581 21280

3 NR: not readily biodegradable;  Based upon fish data only from Table 4.3.1 (= no fish data available, but log Kow > 4); 9 Weight based percentage (data for binder pitch taken from Table 1.2.1);
9 Classification of each individual PAH, based upon the criteria from Regulation EC 1272/2008 (EU, 2008b); ¢ This multiplying factor (M) is applied to give increased weight to highly toxic constituents of
a mixture. The value of M depends on the lowest acute aquatic toxicity value (EU, 2008b); ? The weight based percentage of each individual PAH is multiplied by its specific multiplying factor to enable a
classification of the mixture based on summation of classified components according to Regulation (EC) 1272/2008 (see text for details); 9 The weight based percentage of each individual PAH is
divided by its specific concentration limit (in %) to enable a classification of the mixture based on summation of classified components according to Directive 1999/45/EC (EU, 1999) (see text for details);
h The weight based percentage of each individual PAH is divided by its specific lowest acute aquatic toxicity value (E/LCso in mg/L) to enable calculation of an overall toxicity for the mixture (see text for
details); ) These compounds are classified in Annex VI of Regulation EC 1272/2008 as H400/H410 in Table 3.1 and as N; R50/53 in Table 3.2; ) The lowest acute aquatic toxicity value is >1 mg/L and
thus no M-factor or concentration limit is applied; ¥ These values were derived in presence of UV light. ) Acute toxicity reference value is higher than water solubility (and thus no M-factor or
concentration limit); ™ An absolute toxicity value could not be applied in this calculation.
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Classification for aquatic long-term hazards

The 2 ATP of CLP (Commission regulation (EU) 286/2011J(E2011) amends the Regulation

(EC) No 1272/2008 of the European Parliament anth®fCouncil on classification, labelling and

packaging of substances and mixtures (EU, 2008g Gfnthe adaptations is the method to use
chronic toxicity data for assessing long-term aguanvironmental hazards and defining chronic
M-factor when a substance classified as Aquatio@ierl. For this reason, environmental toxicity
data have been re-assessed, in order to adaptdpesed classification to the new criteria for
chronic hazards to the aquatic environment.

For mixtures two possible methods are indicatede based on the summation of classified
components, and the other based on additivity.léing-term hazards both methods are based on
chronic toxicity data, either NOEC or Ef/alues.

Chronic toxicity data

For CTPHT classification is based on the presencetexicity of the 16 EPA-PAHs (CLH report,
Netherlands, 2011). The following table summarideschronic toxicity data (NOEC or &g for
individual PAHs, according to section 7.1.

Table 7.6.3. Summary of chronic toxicity data (NOEC  or EC ) for individual PAHs

PAH NOEC or EC10in mg/L

Fish Invertebrates Algae/Plants
Naphthalene 0.0202 0.0219 0.28¢9
Acenaphthylene No chronic data 0.064¢ 0.082¢9)
Acenaphthene 0.529 0.042¢) 0.038¢9
Fluorene 0.1259 0.025¢ 0.820
Anthracene 0.0067 hi) 0.00151) 0.0015¢)
Phenanthrene No chronic data 0.013# 0.0100
Pyrene No chronic data 0.0005k 0.0012¢9)
Chrysene - No chronic data -
Benz[aJanthracene No chronic data - 0.00129
Fluoranthene 0.0014 9 0.0006 ) 0.0086
Benzo[a]pyrene 0.0029" 0.0005¢) 0.00078 ¢
Benzolb]fluoranthene No chronic data - -
Benzok]fluoranthene 0.00017 - -
Dibenz[a,h]anthracene - - 0.000149
Benzo[ghi]perylene - 0.000082¢ -
Indeno[1,2,3-cd]pyrene No chronic data 0.00027¢ 0.00159

— No effect observed (at highest test concentration). In bold, the lowest chronic toxicity values. In italic, values above 3 times maximum
water solubility. @ EC1o for survival post-hatching; Yy NOEC for larvae development; 9 EC+o for growth; 9 Derived after photomodification; €
EC1o for reproduction; » NOEC for mortality after hatching; 9 NOEC for growth; " NOEC for hatching; ) Values derived in presence of UV
light; "NOEC reproduction; ¥ NOEC for shell development / malformation; ) EC1o for abnormalities; ™ EC1o for length.

Classification — Summation

As illustrated in Figure 4.1.1 of EU-regulation 23811 (EU, 2011) classification for long-term
aquatic environmental hazards depends on the anwuthita available. Following this decision
scheme, all individual PAHs are classified as Gatgd-hronic 1 (H410), with the exception of
benzo[b]fluoranthene, for which no toxicity datae available. Due to the absence of (reliable)
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chronic toxicity data for chrysene, the classificatfor chrysene is based on acute data (as
described in section 4.1.2 of EU regulation 28612@011). As illustrated in Table 7.6.4, based on

these toxicity data and a typical content of thifedint PAHs, CPTHT should be classified as

Category Chronic 1 (H410), regardless of the sgegieup considered (total percentages are all >
25%).

Table 7.6.4.  Classification of CTPHT using the summ  ation method based on classification of
individual PAHs.

PAH Proposed Fish Invertebrates Algae/Plants | Most sensitive

' classification of ! : ! species

. PAH: % i M % i M % i M %
Naphthalene H410 1 0 i 1 0o i - -1 0
Acenaphthylene H410 No data P 0 oA 0 o 0
Acenaphthene H410 | - - 1 0043 | 1 0.043 10043
Fluorene H410 - - 1 0.047 - - Co 0.047
Anthracene H410  § 10 13 1 10 13 1 10 13 0 10 13
Phenanthrene H410 : No data P 063 : 10 63 1 10 6.3
Pyrene H410 |  Nodata | 100 95 i 10 95 | 100 95
Chrysene H410) - - :1000b 810 : - - 10000 810
Benz[alanthracene H410 | Nodata | - -0 77 0100 17
Fluoranthene H410 L 10 11 1 100 110 1 10 11 1 100 110
Benzo[a]pyrene H410  § 10 10 | 100 100 | 100 100 | 100 100
Benzo[b]fluoranthene No data Not classified Not classified i  Notclassified | Not classified
Benzo[k]fluoranthene H410 100 61 - - - - 100 61
Dibenz[a,h]anthracene H410 - - - - 100 17 + 100 17
Benzo[ghi]perylene H410 - - 1000 870 - - 1000 870
Indeno[123cdpyrene | HAIO 1 Nodala | 100 91 i >walersoubiity | 100 91
Total | ] 83 | 2078 | 153 | 2169

M: M-factor; %: Contentin CTPHT (% w/w) x M-factor (Table 7.6.5.); @ According to Annex VI Table 3.1; ® Based on acute data.

Classification — Additivity

When using the additivity method, preferably thassification for long-term aquatic environmental
hazards should be based on data for one taxonawmip dge.g. fish, crustaceans, algae). Yet, when
no full dataset is available for one taxonomic grotlne data showing the higher toxicity (from the
most sensitive test organism, regardless of itsrtamic group) is selected (EU, 2011). As for none
of the taxonomic groups toxicity data for all PABEIe available, the classification is based on the
most sensitive test organism for each PAH. Fossiithtive purposes, the classification was also
derived for each individual taxonomic group (fighyertebrates, algae/plant).

According to 2% ATP of CLP Regulation, the overall toxicity may Malculated using the
classification method based on test data (EU, 2001i¢ overall chronic value is calculated using
the following equation:

2.C+>C
EgNOECmM

Where:

G = concentration of component (weight percentage) covering the rapidly
degradable components;

Ci = concentration of component (weight percentage) covering the non-rapidly
degradable components;

o C |
= + Equation 1
2 NOEC T2 0 1x NOEC (Eq )
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NOEG =NOEC (or other recognised measures for chroaigcity) for component
covering the rapidly degradable components, in mg/L
NOEG =NOEC (or other recognised measures for chroaidcity) for component

covering the non-rapidly degradable components)arL;
n = number of components, andndj are running from 1 ta;
EgQNOECm=Equivalent NOEC of the part of the mixtuiith test data.

Since all PAHs are considered not readily biodegjéal(Netherlands, 2010 = 0, and Equation 1
can be transcribed to the following (simplifiedjrfala:

>C,
EgNOECmM= — (Equation 2)
)|
Zn: 0.1xNOEC,
Table 7.6.5. Calculation of EQNOECm and chronic M-f  actor of CTPHT using the additivity method
PAH Contentin Content in CTPHT/(0.1xNOEC;)
CTPHT Fish Invertebrates Algae/Plants Most sensitive
(% wiw)) species

Naphthalene 0 0 0 0 0
Acenaphthylene 0 No data 0 0 0
Acenaphthene 0.043 0.827 10.2 11.3 11.3
Fluorene 0.047 3.76 18.8 0.573 18.8
Anthracene 0.13 194 867 867 867
Phenanthrene 0.63 No data 485 630 630

Pyrene 0.95 No data 19000 7917 19000

Chrysene 0.81 - No data - -
Benz[a]anthracene 0.77 No data - 6417 6417
Fluoranthene 11 7857 18333 1279 18333
Benzo[a]pyrene 1.0 6667 20000 12821 20000
Benzolb]fluoranthene 1.2 No data - - -
Benzo[kfluoranthene 0.61 35882 - - 35882
Dibenz[a,h]anthracene 0.17 - - 12143 12143
Benzo[ghi]perylene 0.87 - 106098 - 106098
Indeno[1,23-cdlpyrene 091 Nodata 33704 > water solubilty 33704
Total 9.2 50605 198515 42084 253104
EGQNOECmfor CTPHT 0.00009 | 0.000043 0000220 0.00003
M-factor for CTPHT 1000 1000 100 1000

- No effect observed (at highest test concentration). 2 The weight based percentage of each specific PAH in CTPHT (data for binder pitch,
which is considered as most relevant for the classification of CTPHT), is taken from table 1.3.3. of the CLH report (Netherlands, 2011).

This formula was then used to calculated the edpimtdNOEC of the part of the mixture with test
data (EU, 2011). EQNOECm values for CTPHT for emctividual taxonomic group are given in
7.6.5. In addition, EQNOECm was calculated basedhenmost sensitive test organism for each
PAH (7.6.5).

For all calculated EQNOECm values CTPHT would kessified as Category Chronic 1 (H410),
regardless of the taxonomic group (NOE®.01). Based on the most sensitive species thadvbif
for chronic toxicity is 1000 (0.00001 < EQNOEGH®.0001). This M-factor would also apply when
only data from fish or invertebrates are taken.
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Resulting classification for environmental hazarddased on Regulation EC 1272/2008:

Aquatic Acute 1, Acute M = 1000
Aquatic Chronic 1, Chronic M = 1000

Resulting classification for environmental effectdased on Directive 67/548/EEC:
N; R50/53

Specific concentration limits for the environment:

N; R50/53: Cr> 0.025 %

N; R51/53: 0.0025 % Cn < 0.025

R52/53: 0.00025 % Cn < 0.0025 %

Where Cn is the concentration of CTPHT in the pragan.
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JUSTIFICATION THAT ACTION IS REQUIRED ON A
COMMUNITY-WIDE BASIS

1 CMR CLASSIFICATION

Harmonised classification and labelling for CMR aadpiratory sensitisation is a Community-wide
action under Article 36.1 (EU, 2008b). The propogal classification as a human carcinogen
(Category 1A carcinogen) is based on epidemioldgilzda. The proposal for classification as
Category 1B mutagen and Category 1B reproductixiedot is based on the presence of impurities.
No priority is normally given to such classificatigproposals. However, a search for safety data
sheets containing a classification for CTPHT showieat most but not all companies used
additional classifications besides the harmonisksiication (including note H). Therefore,
harmonised classification for mutagenicity and ogjpictive toxicity is proposed.

2 NON-CMR HEALTH CLASSIFICATION

The classification of CTPHT for several non-CMR &k classes has been discussed by the TC-
C&L and agreed. Such proposals now need a judiificahat action is required on a community-
wide basis (article 36.3). Considering the CMR siffsation in category 1 and 2, such additional
classifications have limited added value. Therefore classification is proposed for non-CMR
health classes.

3 ENVIRONMENTAL CLASSIFICATION

The environmental classification of CTPHT has bdiscussed by the TC-C&L, but not concluded.
The difficulties in the interpretation of the infoation regarding environmental hazards may result
in different environmental classifications for CTPHHarmonisation of the environmental
classification of this substance facilitates the fesause of the substance.
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OTHER INFORMATION

This proposal for harmonized classification ancellbg is mainly based on the data provided in
the transitional dossier on CTPHT (Netherlands, 80@@nly on bioaccumulation properties
additional data were used from the recent repoBlegker & Verbruggen (2009).
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ANNEXES

ANNEX |: GLOSSARY

Carbonisation:

Coal Tar:

Coal Tar high temperature:
Coal Tar low temperature:
Coal Tar Oil:

Coal Tar Pitch (CTP):

Coal Tar Pitch high temperature (CTPHT):

Coal Tar Pitch low temperature (CTPLT):
Coal Tar Pitch Volatiles (CTPV):

Coal Tar Pitch (Volatiles) CTP(Vs):

Coal Tar Creosote:

Condensate:

Condensation:

Distillate:
Distillation:

The destructive distillation of cealproduce coke
and/or natural gas.

The condensation product of the destrecti
distillation of coal to produce coke and/or natural
gas.

The condensation prodatt high-temperature
(>700 °C) carbonisation of coal.

The condensation prodeét low-temperature
(<700 °C) carbonisation of coal.

Tar oils produced by the distillatiai crude coal
tar.

The solid fraction produceding the distillation of
coal tars.

The s@iidttion produced during the distillation of
high temperature coal tars.

The soliaction produced during the distillation of
low temperature coal tars.

Volatiles releasgden coal tar pitch (CTP), coal tar
or coal tar products are heated.

Coal tar piteimd coal tar pitch volatiles released
when coal tar or coal tar products are heated.

Fractions or blends of coal dds, sometimes
including coal tar pitch, that are used for timber
preservation.

The product of condensation.

To condense a gas or vapour intoqadli by
applying pressure, by cooling it down or both.

The product of distillation.

The extraction of the volatile compants of a
mixture by the condensation and collection of the
vapours that are produced as the mixture is heated.
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ANNEX II: MINUTES OF THE TCNES-MEETING OF 4-5 OCTOB ER 2006

ECBI/13/07 Rev. 1

Ispra, 23 January 2007

Draft Summary Record

Technical Committee onClassification and Labelling of Dangerous Substanse

Meeting on Health Effects of Existing Chemicals an@&eneral issues

Hotel Concorde, Arona, 4-5 October 2006

648-055-00-5
EC: 266-028-2
CAS: 65996-93-2

Pitch, coal tar, high-temp. (NL)
Issue for discussion: Complete classification proposal

ECBI/47/06 and Add. 1

cor4 ECBI87/06 Add. 1 (FR comments)

Current Annex | classification:T; Carc. Cat.2; R4&te H

Classification proposal: Xi; R41Xi; R43 Carc. CaR45 Muta. Cat.2; R46 Repro. Cat.2; R60-R61
Document$:

ECBI/47/06 NL, C&L proposal

ECBI/47/06Add. 1  NL, Response to comments

ECBI/87/06 Add. 1  F, Comments

NL went through the proposal endpoint by endpoiningathat no classification was warranted for
acute toxicity and skin irritation whereas Xi; Rddsed on severe effects to the eye was warranted.

* The proposal and comments documents are availablettp://ecb.jrc.it/classlab/4706_NL_Coaltar-pi@®C,

http://ecb.jrc.it/classlab/4706al_NL_pitch_coal.dac, and http://ecb.jrc.it/classlab/8706al_F_contsidoc,
respectively.
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The TC C&L agreed to this part of tiéL proposal.

In regard to skin sensitization R43 was proposesgthan the content of B (a)P which was agreed
by theTC C&L . After a brief discussion about splitting the e¥rbased on B(a)P content it was
agreed that a putative splitting could be donehm follow-up provided IND would support this
committee with data of the individual batch&se Group agreed not to classify the substance for
repeat-dose toxicity based on lack of data andassify as Muta. Cat. 2 R46 based on its B(a)P
content. The substance was also classified as Catcl R45 based on its B(a)P content. Similarly
R60-61 was applied for effects on fertility and diepment based on the B(a)P content.

Conclusion:

The TC C&L agreed to the following classificatioroposal: Carc. Cat. 1; R45 - Muta. Cat. 2; R46
-Repr. Cat. 2; R60-61 - Xi; R41 — R43, furtherNéteshould be deleted. The labelling would be:
Symbol: T; R-phrases: 45-46— 60—61-41-43 and Ssphr&3-45.

Follow-up:

NL sent in comments, which, however, did not alteradbnclusions taken at the meeting.
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ANNEX IlIl:  SUMMARY OF HUMAN CARCINOGENICITY DATA

In the tables below relevant epidemiological date presented per exposure scenario. The
epidemiological publications summarised by IARC &®E were not consulted individually.

Scenario 1: Production of CTP(ht) in coal tar dlaion plants

In a review by the HSE (Armstroreg al 2003) three cohort studies were identified, nohehich
contained data on exposure. The study by Hansé9]18as not solely related to tar distillation but
also to asphalt and roof felt processing. Statifiticnon-significant increased lung cancer risks
were observed in all three studies and non-sigmitiéncreased bladder cancer in two of the three
studies. In one of the studies a non-significaduoed SMR for bladder cancer was observed. The
studies are summarised in the table below. Thig tabmainly based on the review by Armstraatg

al (2003).

Summary of the epidemiological studies on tar disti llation (based on Armstrong et al, 2003)
Reference |Study population|Comparison |Exposure groups  |Findings
group observation period
Reference  |(of outcome)
population  |analysed by
Hansen 1320 Danish unexposed  |exposed/non-exposed |non-significant increases in both lung and bladder cancer
(1989) workers employed |Danish death.
in the asphalt workers observation period:
industry (tar 1970-1980 Standardised Mortality Ratio (SMR) men >45y:
distillation, asphait lung cancer: 143 (95% Cl: 82-232) (16 cases)
and roof felt bladder cancer: 301 (95% CI: 98-703) (5 cases)
processing) for 10
years SMR men > 45y old + 5y latency required:
lung cancer: 152 (95%Cl: 76-271) (11 cases)
bladder cancer: 291 (95% Cl: 60-851) (3 cases)
Swaen & 907 tar distillery  [national exposed/non-exposed |non-significant increased SMR for lung cancer:
Slagen (1997 |Dutch workers population 118 (95%Cl: 87-157) (48 cases).
cited in employed at least observation period:
Armstrong et |one half-year 1947-1988 non-significant reduced SMR for bladder cancer :
al, 2003) between January 55 (95%Cl: 6-2001) (2 cases)
1947 and January
1980.
Maclaren & 255 British tar regional and  |exposed/non-exposed [non-significant increases in both lung and bladder cancer
Hurley (1987 |distillery workers |national deaths
cited in employedon 1 |population observation
Armstrong et |January 1967 31 period:1967-1983  |SMR lung cancer: 160 (p=0.08) (12 cases)
al, 2003) ?geggmber to SMR bladder cancer: 429 (p=0.03) (3 cases)
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Scenario 2: Use as a binder for electrodes
Sub-scenario 2i:in the aluminum industry (studiesatuminum production workers)

Several studies among aluminum production workerSanadian, French, Italian, Norwegian, US
and Russian industries have been published. Thedes are summarised in the table below. This
table is mainly based on the review of Ronneberd bangmark (1992), complemented with
information from the IARC (IARC, 1984, 1987) and H$HSE, 1993; Armstrongt al 2003).
Assuming that these reviews contain the most inaporissues with respect to the studies, the
original data were not consulted, with the exceptbfive more recent publications not included in
the reviews (Armstrongt al 1994; Ronneberg & Andersen, 1995; Tremidawl 1995; Culleret

al, 1996; Ronnebergt al 1999; Romundstaet al 2000a; Romundstaat al 2000b).

The lung and bladder have been the most commorgwntiited sites for excess cancer in
populations of aluminum production workers. In Gdina studies dose-response relations were
found for bladder and lung cancer. The Norwegiaiss have shown inconsistent results. Excess
risk of stomach, kidney, prostate, pancreas, lyrtiplaand haemopoietic cancer and leukaemia were
noted in several studies among aluminum productiorkers.

The IARC concluded that there is sufficient evidertbat certain exposures occurring during
aluminum production cause cancer and that pitchtites have fairly consistently been suggested
in epidemiological studies as being possible caesaigents (IARC, 1987).

Summary of studies on aluminum production workers ( based on IARC, 1984; HSE, 1993)

Reference (Study population|Comparison |Exposure groups  |Findings
group Observation period
Reference  |(of outcome)
population Correction for
confounding and
effect modification
Canadian studies
Theriault et al|85 cases of 225 controls, |four cumulative Odds Ratio (OR) bladder cancer:

(1984 cited in |bladder cancer  |currently or  |exposure categories |low BaP years: 3.4 (44 cases)

Ronneberg & |diagnosed previously (relative exposure moderate BaP years: 6.8 (27 cases)

Langmark, |between 1970 employed for |intensity of the job high BaP years: 12.4 (8 cases)

1992) and 1979, atleastone |(0.00, 0.25, 0.50, all workers: 4.5 (85 cases)
currently or year in one of |0.75, or 1.00) OR bladder cancer:
previously the five multiplied by the g4 heraS gderberg workers: 2.3 (95% CI: 1.4-3.8)
employed for a.t alummym ”“”?ber of years on prebake potroom workers: 1.5 (95% ClI: 0.9-2.6)
least one yearin - plantsin [the job) carbon plant workers: 0.7 (95% CI: 0.4-1.6)
one of the five Quebec

aluminum plants
in Quebec (using
both Saderberg
and prebake pots)

cases diagnosed
between 1970 and
1979

matched by plant,
year of birth, year of
first employment, and
employment period at
the time that the case
was diagnosed
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Reference |Study population|Comparison |Exposure groups Findings
group Observation period
Reference  |(of outcome)
population Correction for
confounding and
effect modification
Armstrong et |see above see above estimates of time- assuming a linear relationship between exposure and
al (1986) weighted exposure  |bladder cancer risk and a latency of at least 10 year:
IOe\ée(I)s 1ra:cr)191e2 g'%m Relative Risk (RR) bladder cancer increased by 18 %
U-U. 4-0. 0, .7, 4 3
mgfm? BSM (95% CI: 7-41) for each year’s exposure to 1 mg/m3 BSM
RR bladder cancer increased by 23% (95% CI: 9-52) for
see above .
each year’s exposure to 10 jug/m3 BaP
matched by plant,
year of birth, year of
first employment,
employment period at
the time that the case
was diagnosed and
smoking history
Gibbs etal  |5406 male population of |four cumulative Standardised Mortality Ratio (SMR) bladder cancer (#
(1985) workers employed |the province |exposure categories |cases)
in 1950 at 2 (relative exposure unexposed, low, intermediate, high and all workers:
Sgderberg intensity of the job 28(1), 61(3), 188(3), 667(6) and 161 (12) (p>0.05)

smelter plants in
Quebec

multiplied by number
of years exposed)

observation period:
1950-77

no information on
smoking:

death rates were
calculated from age
and sex specific rates
of the province

SMR lung cancer (# cases)
unexposed, low, intermediate, high and all workers:
102 (30), 97(42), 172 (27), 271 (32), 143 (101) (p<0.05)

SMR lung cancer (# cases)

ancer of stomach and oesophagus: 153 (50) (p<0.05)
Hodgkin's disease: 179 (5) (p>0.05)

leukemias: 112 (9/)(p>0.05)

pancreas cancer: 105 (14) (p>0.05)

larynx cancer: 131 (7) (p>0.05)

brain cancer: 109 (8/) (p>0.05)

Armstrong et
al (1994)

338 lung cancer
cases,
employed for at
least one year
between 1950
and 1970ina
manual job in an
aluminum plant in
Quebec (using
both Sederberg
and prebake
pots).

1138 controls,
randomly
sampled from
the entire
cohort of
workers
employed for
at least one
year between
1950 and
1970 in an
aluminum
plantin
Quebec.

cumulative exposure
(estimated PAH level
based on industrial
hygiene data x job
years)

observation period:
1950-1988

adjusted for smoking

smoking-adjusted lung cancer rate ratios (RR) (95%
Confidence interval (95% Cl))

<1, 1-9, 10-19, 20-29 and >30 BSM mg/m3 —years:

1.00, 1.15 (0.84-1.59), 2.25 (1.50-3.38), 1.90 (1.22-2.97)
and 2.08 (1.30-3.33)

smoking-adjusted lung cancer rate ratios (95% Cl)

<10, 10-99, 100-199, 200-299, >300 BaP pg/m3-years:
1.00, 1.48 (1.09-2.00), 2.23 (1.46-3.39), 2.10 (1.40-3.15)
and 1.87 (1.05-3.33)

The data were compatible with a linear relation with
cumulative exposure (RR=1 + 0.031 mg/m3-years BSM,
while a curved relation (RR=1 + 0.098 mg/m?3-years
BSMO7) fitted somewnhat better
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Reference |Study population|Comparison |Exposure groups Findings
group Observation period
Reference  |(of outcome)
population Correction for
confounding and
effect modification
Tremblay et |138 bladder 414 controls, |see above smoking-adjusted bladder cancer rate ratios (RR) (95% Cl)
al (1995) cancer cases, randomly <1, 1-9, 10-19, 20-29 and >30 BSM mg/m3 —years:
from the same  [sampled from 1.00, 1.67 (0.89-3.16), 3.93 (1.85-8.49), 7.31 (3.56-14.99)
cohort as the same and 5.18 (2.47-10.89).
described above gghgpbisd smoking-adjusted bladder cancer rate ratios (35% Cl)
abcswe; <10, 10-99, 100-199, 200-299, >300 BaP pg/m3-years:
1.00, 1.97 (1.10-3.51), 6.24 (3.00-12.97), 6.66 (3.43-
12.99), 4.36 (2.10-9.17)
The data were best described by a linear model using BaP
cumulative exposure an a lag time before diagnosis of 10
years (RR=1+ 0.0166 pg/m3-years BaP.
etal(1991) (4213 men the population |four cumulative Standardised Incidence Ratio (SIR) bladder cancer
employed forat  |of the same  |exposure categories |(number of cases)
least 5 years province in (estimated BSM level |unexposed, low, intermediate, high and all workers:
between 1954 Canada. based on recent plant 1.0 (4), 0.4 (1), 1.3 (2), 5.0 (9) (p<0.01) and 1.7 (16)
and 1985ina monitoring x job (p<0.05)
'Sage'tr'bﬁrg plant years) SIR lung cancer (number of cases)
g | M 'i. observation period:  [unexposed, low, intermediate, high and all workers:
oumora. 1970-1985 0.7 (11), 1.0 (9), 1.1 (7), 1.3 (10) and 0.97 (37)
SIR non-Hodgkin’s lymphomas (number of cases)
unexposed, low, intermediate, high and all workers:
0.4 (1),-(0), 2.6 (3), 2.3 (3) (p<0.05) and 1.1 (7)
Norwegian studies
Andersen,  |7410 men working|national old plant workers/new |Observed/Expected (O/E) lung cancer mortality
1982 cited in |for at least 18 population plant workers/non-  |all workers: 57/35.9 (p<0.05)
Ronneberg  [months prior to aluminum workers |old plant workers: 2.0 (27 cases)
and 1970in 4 ; .. |old plant workers >15 years employed: 2.1 (11 cases)
Langmark,  |aluminum plants ?gggt\;gt;%n period: old plant unhooded pots: 20/12.5
1992 and in Norway (using . ‘ .
IARC, 1984a |both Sederberg no information on g”/ aglriiffrzcégﬁeg mortalty
and prebake pots) smoking : :

old plant workers: 18/10.7
old plant unhooded pots: 13/6.1 ( p<0.05)
new plant workers: 8/11.1

O/E leukemia mortality
all workers: 17/12.6
old plant workers: 9/5.9

O/E kidney cancer mortality all workers: 18/14.8
OIE cancer of other sites all workers: 104/94.4
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Reference |Study population|Comparison |Exposure groups Findings
group Observation period
Reference  |(of outcome)
population Correction for
confounding and
effect modification
Ronneberg {1137 men hired  |national male |semi-quantitative Standardised Incidence Ratio (SIR) (95% CI) workers <3
and between 1922 population exposure estimates  |years employed
Andersen, |and 1975, (from job exposure  |cancer all sites: 1.5 (1.23-1.88), p<0.01
1995 employed for at matrix) lung cancer: 2.65, p<0.01, 20 cases

least 6 months at
atimeina
prebake
aluminum smelter
in Norway

observation period:
1953-1991

smoking increased at
the most only slightly
the incidence of lung
cancer and
undetectably the
incidence of bladder
cancer

skin cancer: 3.09, p<0.05, 5 cases
stomach cancer: 1.55, 9 cases
prostate cancer: 1.55, 16 cases

SIR (95% CI) workers >3 years employed
cancer of all sites: 0.93 (0.77-1.11)
bladder cancer: 1.58, 14 cases

Ronneberg et
al, 1999

5908 workers of a
Norwegian
aluminum smelter
(using both
Sgderberg and
prebake pots)

national male
population

cumulative exposure
(exposure intensity (2-
1700 pg/m3 PAH x
duration of each job
held in the smelter)

observation period:
1953-1993

no associations were
observed between
exposure to asbestos
and lung cancer,
between heat and
kidney cancer, or
between magnetic
fields and cancer of
the brain or lymphatic
and haemotopoietic
tissue.

Standerdised Incidence Ratio (SIR) short-term workers
(95% ClI)

cancer all sites: 1.07 (0.94-1.12)

lung cancer: 1.52 (1.09-2.06)

pleural mesotheliama 3.86 (0.80-11.27)

SIR production workers (95% Cl)
cancer all sites: 1.04 (0.94-1.16)
malignant melanomas: 0.35 (0.10-0.90)
cancer of the lip: 2.04 (0.93-3.87)
cancer of the rectum: 1.41 (0.92-2.09)

SIR maintenance workers (95% Cl)

cancer all sites: 1.18 (0.85-1.60)

lung cancer: 2.11 (1.01-3.87)

lymphatic & haematopoietic tissues cancer: 2.39 (0.96-
4.92)

bladder cancer: 2.00 (0.65-4.67)

cancer of the prostate: 1.58 (0.72-3.00)

a dose-response relation between cumulative PAH
exposure attained 30 years before observation and an
increased incidence of bladder and lip cancer was
observed among production workers

a dose-response relation between cumulative PAH
exposure attained 30 years before observation and lung
cancer was observed among maintenance workers
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Reference

Study population

Comparison
group

Reference
population

Exposure groups

Observation period
(of outcome)

Correction for
confounding and
effect modification

Findings

Romundstad
et al, 2000a

5627 workers
employed for at
least 6 months
two Norwegian
aluminum
reduction plants

national male
population

cumulative exposure
(exposure intensity (2-
>3000 pg/m3 PAH x
duration of each job
held in the smelter)

observation period:
1954 or 1957-1995

adjusted for smoking,
no associations were
observed between
exposure to asbestos
and lung cancer or
between magnetic
fields and lymphatic
and haemotopoietic
cancer.

Standardised Incidence Ratio (SIR) (95% Cl) bladder
cancer (30 year lag period):

<50 pg/m3PAH-y: 1.29 (0.83-1.92)

50-500 pg/m3PAH-y: 1.04 (0.21-3.03)

500-2000 pg/m3PAH-y: 1.16 (0.32-2.97)

>2000 pg/m3PAH-y: 4.08 (1.32-9.51)

SIR (95% Cl) pancreatic cancer (10 year lag):
<50 pg/m3PAHey: 0.43 (0.05-1.57)

50-500 pg/m3PAHey: 1.14 (0.14-4.11)

>500 pg/m3PAHey: 0.81 (0.81-3.36)

SIR (95% ClI) lung cancer (20 year lag period):
<50 pg/m3PAH-y: 0.94 (0.60-1.14)

50-500 pg/m3PAHey: 1.72 (0.92-2.95)
500-2000 pg/m3PAHsy: 0.78 (0.34-1.54)
>2000 pg/m3PAHey: 0.28 (0.03-1.02)

Romundstad,
2000b

11103 workers
employed for
more than 3 years
in six Norwegian
aluminum plants

national
population and
local county

cumulative exposure
(exposure intensity (0
- 3400 pg/m? PAH x
duration of each job
held in the smelter)

observation period:
1953-1996

subanalysis of 3
plants with adjustment
for smoking, a weak
association was found
between exposure to
fluoride and bladdar
cancer, little evidence
for association of
fluorides with kidney,
pancreas or lung
cancer.

Rate ratio (95% ClI) for bladder cancer (30 year lag time):

0 pg/m3PAHsy: 1 (ref)

0-499 pg/m3PAH-y: 1.0 (0.7-1.9)
500-1999 pg/m3PAHsy: 1.3 (0.8-2.0)
> 2000 pg/m3PAHey: 2.0 (1.1-2.8)

Rate ratio (95% Cl) for lung cancer (30 year lag time):
0 pg/m3PAHsy: 1.0 (ref)

0-499 pg/m3PAH-y: 1.0 (0.6-1.6)

500-1999 pg/m3PAH-y: 1.1 (0.7-1.7)

> 2000 pg/m3PAHey: 0.4 (0.1-1.0)

Rate ratio (95% Cl) for pancreatic cancer (30 year lag
time):

0 pg/m3PAHsy: 1.0 (ref)

0-499 pg/m3PAH-y: 1.0 (0.4-2.7)

500-1999 pg/m3PAH-y: 1.4 (0.6-3.3)

> 2000 pg/m3PAHey: 1.5 (0.5-4.6)
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Reference |Study population|Comparison |Exposure groups Findings
group Observation period
Reference  |(of outcome)
population Correction for
confounding and
effect modification
US studies
Milham, 1979 {2103 workers US national  |exposed/non-exposed |Standardised Mortality Ratio (SMR) all workers:
cited in HSE, [employed for 3  |population : ... |cancer of all causes: 0.86
1993 and years or more ?gigxgt;%n period: respiratory cancer: 1.17 (O/E: 35/29.8, not stat. significant)
Armstrong et |including at least pancreas cancer: 1.80 (O/E: 9/5, not stat. significant)
al, 2003 1 year between death rates by age, |prostate cancer: 1.62 (O/E: 8/5, not stat. significant)
1946 and 1962 in sex and year-specific |lymphatic & haemopoietic cancer: 1.84 (O/E:7/2.2, p<0.05)
a Washington mortality rate emphysema: 2.04 (O/E: 14/6.9, p<0.05)
s}atei prebake g%gné?];matlon on SMR exposed workers:
pian respiratory cancer: 1..29 (O/E: 16/12.4, not statistically
significant)
lymphosarcomareticulosarcoma: 6.43 (O/E: 6/0.9, p<0.05)
emphysema: 2.12 (O/E: 6/2.8, p<0.05)
non-neoplastic respiratory disease: 1.73, (O/E: 17/9.9,
p<0.05)
non-exposed workers SMR cancer:
respiratory cancer: 1.09 (O/E: 19/17.4) (not statistically
significant)
pancreas cancer: 2.38 (O/E: 7/3, p<0.05)
being brain neoplasms: 6.75 (O/E: 5/0.7, p<0.05)
Rockette and (21,829 men who |?national length of employment |Observed/Expected Ratos (number of deaths) mortality

Arena, 1983
cited in
Ronneberg
and
Langmark,
1992 and
Armstrong et
al, 2003

were employed in
14 aluminum
plants for at least
5 years between
1949 and 1977
(using both
Sederberg and
prebake pots)

population

and work area

observation period
1950-1977

prebake plant workers:

all causes: 0.91 (2433)

benign and unspecified neoplasms: 14/7.2
>15 years employed:

lung cancer: 1.0 (30) (not stat. sign.)
pancreas cancer : 2.2 (12 deaths) (p<0.05)
kidney cancer: 19/13 (not stat. sign.),
leukaemia: 1.7 to 2.0 fold increase

> 25 years employed in caron area:

lung cancer: 3.75 (6

O/E Ratio (number of death) Sgderberg plant workers
all causes: 0.79 (923)

Hodgkin's disease: 1.8 (6)

Stomach cancer: 1.1 (35)

<15 years employed:

leukaemia: 2.5 (9 deaths) (p<0.05)

bladder cancer: 1.0 (2) (not stat. sign.)

lung cancer: 0.8 (23) (not stat. sign.)

>15 years employed:

bladder cancer: 2.0 (6) (not stat. sign.)

lung cancer: 1.0 (19) (not stat. sign.)

bladder, and pancreatic cancer: 1.7 to 2.0 fold increase
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Reference |Study population|Comparison |Exposure groups  |Findings
group Observation period
Reference  |(of outcome)
population Correction for
confounding and
effect modification
Enterline, deaths of male  [US population |aluminum No non-accidental excess mortality was reported for the
1982 cited in |US aluminum (same age workers/non- aluminum workers. Standardised Mortality Ratio (SMR)
HSE, 1993  |workers from one |and time aluminum workers lung cancer: 0.79 compared with US males.
company during |periods and . ... |Results were difficult to interpret because of limited data.
the period 1947 to |with 1950- ‘1’322”1’3%%” period:
1959 (based on  |1958 group life
insurance insurance
company records) |policy holders
in industries
without rate
hazards
Equitable 23033 men US population |aluminum workers/  |No excess respiratory cancer mortality was found when
environmenta |working 5 years or non-aluminum comparing mortality with that of US males. Relative Risk
| Health Incl., {more during the workers for Sederberg potroom workers employed >30 years: 2.2.
I1-|gS7E7 ﬁ';%%m ?gggd 1946 o observation period:  [Results were difficult to interpret because job histories
’ 1946-1977 were not closely defined and a lost to follow-up of 10%.
Cullenetal, |25 cases of 125 controls, |technology, job type [No strong evidence was found for increased risk of
1996 pituitary randomly and duration of pituitary adenoma among aluminum workers.
ader;omas aTong tsr? IeCt?f(.j Lrom employement Results were difficult to interpret because of the relative
employees of a © unitie observation period:  |crude exposure classification scheme used and possible
US factories of  |health

one company
diagnosed
between 1989
and 1994

insurance data
base

1989-1994

mean age, sex
distribution, duration
of employment, ratio
of active to retired
workers were
comparable in cases
and controls

selection bias (controls had to have filed at least one
health insurance claim in 1992)

France study

Mur et al,
1987 cited in
HSE, 1993
and
Armstrong et
al, 2003

6455 workers
employed for at
least one year in
the period 1950-
1976 in one of the
11 aluminum
plants in France
(both Sgderberg
and prebake
plants)

national
population

aluminum workers/
non-aluminum
workers

observation period:
1950-1976

Increased mortality for cancer of the lung, bladder,
pancreas, liver and brain, and for leukaemia (not
statistically significant). Based on very few deaths, the
excess of lung cancer deaths appeared not to be
associated with specific work areas and limited to workers
with a short duration of employment.

Results were difficult to interpret because of lack of
information accompanying the Standardised Mortality
Ratio (SMR) values, a lost to follow-up of 29%,
uncertainties in occupational histories, and the allocation
of numbers to each cause of deaths.
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Reference |Study population|Comparison |Exposure groups Findings
group Observation period
Reference  |(of outcome)
population Correction for
confounding and
effect modification
Moulin et al, (2133 workers regional job type and duration |Standardised Mortality Ratio (SMR) (95% confidence
2000 employed forat  |population of employment interval)
least 1 year ; .. |workers
between 1950 ?gggﬁ%%in period: all causes of death: 0.81 (0.72-0.90)
and 19%ina . lung cancer: 0.63 (0.38-0.98)
French aluminum adjusted for gender,  |bladder cancer: 1.7 (0.71-3.64)
plant age and calendertime |psychoses and neuro-degeneratieve diseases: 2.39 (0.88-
2.51)
workshops were PAH exposure was likely:
all causes of death: 0.84 (0.74-0.95)
lung cancer: 0.69 (0.39-1.15)
bladder cancer: 2.15 (0.79-4.68)
psychoses and neuro-degeneratieve diseases: 2.39 (0.88-
5.21)
Italian study
Giovannazzie |494 men regional potroom workers/ increased mortality in potroom workers, due to
and employed population regional population  |cardiovascular diseased, liver cirrhosis and lung cancer.
D’Andrea, between 1965 . -
1981 cited in |and 1979in a ?gggxg%n period:
Ronneberg  |Sederberg
and reduction plant in
Langmark, |ltaly
1992
USSR studies
Konstantinov |workers of two  |regional SoderbergSaderberg |Excesses of all cancers, lung cancer and skin cancer was
and aluminum population workers/regional observed
2(372 1m|qyléh, prct)ﬁutﬁlggslants population Results were difficult to interpret because of limited
| ARCCI188 in nthe observation period:  |information and no raw data.
» 19048 1956-1966
Konstantinov |potroom workers |regional SoderbergSaderberg |Results were difficult to interpret because of the absence
etal, 1974 |in three aluminum |population workers/ regional of information both on the study population and the
cited in IARC, |plants population reference population.
1984a
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Sub-scenario 2ii: Use as a binder and impregnatieiectrodes

In a review by Armstrongt al (2003) three papers (reporting 3 cohort studiesane case control
study) were identified on carbon workers. One pdpan China includes workers of six carbon
plants (not further specified) and one aluminumuctidn plant (working potroom and carbon
department). Although part of this cohort falls engdub- scenario 2i, the study is described under
this scenario, assuming most workers were involiredhe use of CTPHT as a binder and
impregnation of electrodes. The other two papesciilee workers in carbon (graphite) electrode
plants in Italy and France. The studies are suns@diin the table below. This table is mainly based
on the review by Armstrong et al (2003).

In one of the available studies on the use of CTRKT®R binder and impregnation of electrodes, a
statistically significant increased lung cancek rnigas observed (Litet al 1997). In the other

studies non-significant increases in lung and kadthncer risks were observed (Mouéh al
1989; Donateet al 2000).

Summary of the epidemiological studies on the use o

f CTPHT as a binder and impregnation of

electrodes (based on Armstrong et al, 2003)
Reference |Study population|Comparison |Exposure groups Findings
group observation period
Reference  |(of outcome)
population correction for
confounding and
effect modification
Liu et al, 6635 chinese 11470 other |4 exposure categories |A significant positive relation was found for lung cancer
1997 carbon workers §tee| workerg observation period: mortality, .W|‘th a StgnQardlsed Mortality Ratio (SMR) of
employed for in employed in 1971-1985 2.16 (statistically significant, p<0.01)
more than 15 rought rolling ] .
asinsoen |mis [smoesardnon. (SR oarioanoer 500000
factories including smokers were also e :
one aliminum analysed separately
plant and 6
carbon plants
Donato et al, {1006 workers national duration of Non significant increased risks of lung and bladder cancer
2000 employed forat  |population employment
least one year . ..
petween 1945 chservaon period:
and 1966 in a
carbon graphite
electrode plant in
Italy
Moulin et al, {1302 carbon local and duration of exposure |Plant A:
1989 workers employed [national ; . Non significant Standardised Incidence Ratios (SIRs)
at plant A'in 1975 |population observgtlon period below 1 for lung and bladder cancer
41115 plant A: 1975-1985
an loved at plant observation period Plant B
g”l“rf fg; atplan plant B: 1957-1984  [Non significant Standardised Mortality Ratio (SMR) above
smoking adjusted for 1 for lung and bladder cancer.
plant A only
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Occupational Scenario 3: Use as a binder in Asjmditstry and in Roofing

Several studies among asphalt workers have bedisipeh. An overview of these studies is given
in the table below. This overview is mainly basedioe review of Partanen & Boffetta (1994), who
examined and combined the results of 20 epidemiplstydies conducted on asphalt workers and
roofers, complemented with information from the IBR1985) and more recent publications by
Stern (2000) , Boffettat al (2003), Randenet al (2004) and Armstrongt al (2003). Assuming
that the review of Partanen and Boffetta, the IARCument and the meta-analysis of Armstreng

al (2003; 2004) contain the most important issue$ waspect to the evaluated epidemiological
studies, original data of these studies were nosaibed.

Most of the studies evaluated by Partanen and Baf{@994), the IARC (1985) and Armstroaty

al (2003) have limitations, with respect to powergklaf exposure data, or failure to control for
confounding. In roofers, some studies with smoladg@isted results suggest an excess lung cancer
risk unexplained by tobacco smoking. Since roofeosk with hot pitch they have probably been
exposed to great amounts of carcinogenic PAHs. hewehe data were insufficient to specifically
address the carcinogenicity of the different expesuencountered in roofing (and other asphalt
workers), including coal tar derived exposures.

Summary of studies on asphalt workers and roofers ( based on Partanen & Boffetta, 1994)

Reference Study population |Exposure groups Findings

observation period (for
outcome)

correction for confounding
and effect modification

Cohort studies

Hammond et al, {5339 US roofers and |> 20 years of employment Standardised Mortality Ratio (SMR) all cancer: 1.5 95% Cl
1976 cited in waterproofers (1.3-1.6); 315 death
Partanen and SMR lung cancer; 1.6 (1.3-1.9); 99 deaths

12 years of follow-up

Boffetta, 1994 and no smoking data available.  |SMR cancer of buccal cavity, pharynx,

Armstrong et al, larynx, and esophagus: 2.0 (1.3-2.8); 31 deaths

2003 SMR stomach cancer: 1.7 (1.1-2.5); 24 deaths
Lung cancer SMRs increased with year since joining the
union.

Menck et al, 1976 2000 US roofers roofers vs other occupations  |Standardised Mortality Ratio (SMR) lung cancer: 5.0 (2.5-
cited in Partanen 8.9); 11 deaths

and Boffetta, 1994 observation period: 1968-

1973
Maizlish et al, 1570 deaths California Highway Proportional Mortality Raio (PMR) cancer of digestive
1988 cited in Maintenance Workers (HMW) |organs: 1.5 (1.0-2.2); 25 deaths
Partanen and . o i PMR stomach cancer: 2.2 (0.8-5.0); 6 deaths
Boffetta, 1994 j’gggwat"’” period: 1970-1o11R prostate cancer: 2.3 (0.94.7); 7 deaths
Povarov et al, workers employed  |hot-lay asphalt production all workers

1988 cited in for at least 3 years  |workers (BaP concentrations |Standardised Mortality Ratio (SMR) all cancers: 1.5 (0.9-
Partanen and during 1974-1984 in |0.2-0.7 ug/100 m3 were 2.4); 17 deaths

Boffetta, 1994 the production of  |reported on worksites) workers 40-64 years of age

hot-lay asphalt SMR lung cancer: 2.1, p < 0.05

. . |observation period: not
concrete in Estonia

available, 10369 person years
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Reference

Study population

Exposure groups

observation period (for
outcome)

correction for confounding
and effect modification

Findings

Bender et al, 1989
cited in Partanen
and Boffetta, 1994

4849 US HMW with
atleast 1 year of
employment in
Minnesota

HMW (workers did not use
coal tar products for 50 years
in Minnesota)

observation period: 1945-
1984, 96567 person-years of
follow-up

analysed by urban/rural
residence, age at death,
calendar year at death, age
started work, year satred
work, years worked, and
latency

Standardised Mortality Ratio (SMR) leukemia: 4.3 (1.7-
8.8); 7 deaths

SMR respiratory cancer: 0.7

> 40 years of employment

SMR kidney and bladder cancer: 2.9 (1.2-6.0); 7 deaths
SMR mouth & pharynx cancer: 11.1 (1.3-40.1); 2 deaths
workers starting work 1955-1964 at age > 40 years
SMR prostatic cancer: 3.0 (1.5-5.4) 11 deaths

Hansen, 1989;
Hansen et al, 1991
cited in Partanen
and Boffetta, 1994
and Armstrong et
al, 2003

679 Danish mastic
asphalt workers

mastic asphalt workers
(average asphalt fume
concentration, weighted of 12-
months, was estimated to be
close to the Danish TWA of 5
mg/m3)

observation period: 1959-
1986, 6692 person-years of
follow-up

Minimum latency 15-20 years

Standardised Incidence Ratio (SIR) all cancer: 2.0 (1.6-
2.5); 74 cases

SIR cancer of oral cavity: 11.1 (1.45-40.1); 2 cases
SIR cancer of esophagus: 7.0 (1.4-20.4) ; 3 cases

SIR cancer of the rectum: 3.2 (1.3-6.6): 7 cases

SIR cancer of the lung: 3.4 (2.3-5.0) 27 cases

excess of respiratory and degestive cancers persisted
after correction for urbanisation and smoking habits

Standardised Mortality Ratio (SMR) all cancers: 2.3 (1.7-
2.9); 62 deaths

SMR lung cancer; 2.9 (1.9-4.3); 25 deaths

SMR non-pulmonary cancers: 2.0 (1.4-2.8); 37 deaths

Engholm et al,
1991 cited in

Partanen and
Boffetta, 1994

2572 Swedish
pavers and 704
roofers

pavers and roofers
11.5 years of follow-up

pavers:
Standardised Incidence Ratio (SIR) stomach cancer: 2.1
(0.9-4.1); 8 cases

SIR lung cancer: 1.2 (0.5-2.4); 8 cases

roofers:

SIR lung cancerL 3.6 (0.6-8.0); 4 cases

Hrubec et al., 1992
cited in Partanen
and Boffetta, 1994

52 deaths

roofers and slaters (US)

observation period: 1954-
1980

adjusted for smoking

Standardised Mortality Ratio (SMR) respiratory cancer: 3.0
(1.2-7.7); 4 deaths
SMR multiple myeloma: 8.0; 1 death

Minder et al, 1992

National population
of Switserland

roofers

observation period: 1979-
1982

Proportional Mortality Ratio (PMR) mouth and pharynx
cancer; 3.3 (1.2-7.2); 5 deaths

Pukkala et al,
1992 cited in

Partanen and
Boffetta, 1994

National population
of Finland

Finish asphalt workers

observation period: 1971-
1985

adjusted for social class and
age

Standardised Incidence Ratio (SIR) lung cancer: 2.7 (1.6-
4.1) 20 cases
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Reference

Study population

Exposure groups

observation period (for
outcome)

correction for confounding
and effect modification

Findings

Milham et al, 1993
cited in Partanen
and Boffetta, 1994

7266 deaths

US Graders, pavers,
operators and excavators
(Washington State)

observation period: 1950-
1989

co-exposure to crystalline
silica was suggested

Proportional Mortality Ratio (PMR) lung cancer: 1.2 (1.1-
1.3); 558 deaths

Swaen and Slagen
(1997 cited in
Armstrong et al,
2003)

866 Dutch roofers
employed at least
one half-year

between January

national population

observation period: 1947-
1980

Mortality from cancer of the lungs and trachea was higher
than expected, but not statistically significant. In addition
the roofers had experienced an excess mortality rate from
external causes.

1947 and January

1980.
Boffetta et al, 29820 European national population Standardised Mortality Ratio (SMR) (95% confidence
2003; male workers . . } interval)

exposed to bitumen observation period: 1953 total cohort:

in road paving,
asphalt mixing and
roofing and 32245
ground and building
construction workers
and 17757 workers
not classifiable as
bitumen workers
from Denmark,
Finland, France,
Germany, Israel, the
Netherlands, Norway
and Sweden

2000

confounding from exposure to
carciogens in other industries,
tobacco smoking, and other
lifestyle factors cannot be
ruled out.

all causes: 0.92 (0.90-0.94)

workers in road paving, asphalt mixing and roofing:
lung cancer: 1.17 (1.04-1.30)
increased risk of cancer of the head and neck

ground and building construction workers:
lung cancer: 1.01 (0.89-1.15)

Boffetta et al, 2004

22362 male asphalt
workers employed
for more than one
season in jobs
entailing exposure to
bitumen in Denmark,
Finland, Norway and
Sweden

national population

confounding from exposure to
carciogens in other industries,
tobacco smoking, and other
lifestyle factors cannot be
ruled out.

Standardised Incidence Ratio (SIR) (95% confidence
interval)
all cancers: 0.89 (0.86-0.94)

lung cancer: 1.21 (1.07-1.36)
no trend according to eime since first employment
relative risk (95% confidence interval)

relative risk (95% confidence interval) > 30 year vs 1-14
years employed
bladder cancer: 1.85 (0.90-3.78)

case-control studi

es

Schoenberg et al,
1987 cited in
Partanen and
Boffetta, 1994

736 lung cancer
cases + 900
population controls
(US)

roofers and slaters (ever
employed)

case ascertainment: 1967-
1976

adjusted for smoking

Odds Ratio (OR) lung cancer: 1.7 (0.7-4.4); 13 cases
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Reference

Study population

Exposure groups

observation period (for
outcome)

correction for confounding
and effect modification

Findings

Vineis et al, 1988
cited in Partanen
and Boffetta, 1994

2973 lung cancer
cases + 3210
controls (data from
five US case-control
studies)

roofers and asphalt workers

case ascertainment: 1974-
1981

adjusted for age, birth cohort
and smoking

OR lung cancer: 1.4 (0.9-2.3); 45 cases

Zahmet al, 1989
cited in Partanen
and Boffetta, 1994

4431 lung cancer
cases + 11326
controls (Missouri,
us)

occupation at the time of
diagnosis

case ascertainment: 1980-
1985

adjusted for age, cigarette
smoking and time of diagnosis

Roofers:

Odds Ratio (OR) all lung cancers: 2.1 (0.6-8.2); 6 cases
OR squamous cell carinoma lung: 2.6 (0.5-12.7); 3 cases
OR adenocarcinoma lung: 1.5 (0.1-13.3); 1 case

OR other/mixed lung cancers: 2.9 (0.4-18.0) 2 cases
Pavers, surfacers and operators:

OR all lung cancers: 0.9 (0.6-1.5); 32 cases

OR squamous cell carinoma lung: 1.1 (0.6-2.1); 14 cases
OR small cell carcinoma lung: 0.7 (0.2-1.9); 5 cases

OR adenocarcinoma lung: 0.5 (0.2-1.5); 4 case

OR other/mixed lung cancers: 1.2 (0.5-2.5) 9 cases

Morabia et al,
1992 cited in

Partanen and
Boffetta, 1994

1793 lung cancer
cases + 3228
controls (US)

roofers and slaters

case ascertainment: 1980-
1989

adjusted for age, gender,
geographical area,
questionnaire version, and
cigarette smoking

Odds Ratio (OR) lung cancer: 2.1 (0.7-6.2); 7 cases

Risch et al, 1988
cited in Partanen
and Boffetta, 1994

781 bladder cancer
cases and 781
matched population
controls (Alberta and
Southern Ontario,
Canada)

exposure to “tar, asphalt’

case ascertainment: 1979-
1982

matched on birth year and
area of residence

Odds Ratio (OR) bladder cancer

at least 6 months of exposure: 1.4 (0.8-2.7)

8-28 years exposure before diagnose: 3.1 (1.2-9.7)
any 10-year exposure period: 2.0 (1.1-5.0)

Mommsen et al,
1982; 1984 cited in
Partanen and
Boffetta, 1994

121 bladder cancer
patients and 259
population controls
(Danish)

work with “kerosene or
asphalt” (based on job titles)

case ascertainment: 1977-
1979

Odds Ratio (OR) 3.1 (0.9-11.0); 9 cases

somewhat attenuated after adjustment for additional
occupational factors

Jensen et al, 1988
cited in Partanen
and Boffetta, 1994

96 cases of renal
pelvis tumors + 294
mathced hospital
controls in Danish
Baltic island of
Sjaelland

asphalt and tar workers

case ascertainment: 1979-
1982

adjusted for lifetime tobacco
consumption

Odds Ratio renal pelvis and ureter cancer: 5.5 (1.6-19.6) 9
cases
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Reference Study population |Exposure groups Findings

observation period (for
outcome)

correction for confounding
and effect modification

Siemiatycki et al, |4576 hospital-based |any versus substanial substanial exposure
1991 cited in cases and controls |exposure to asphalt Odds Ratio (OR) stomach cancer: 2.0 (1.0-4.1) 7 cases
Partanen and in Montreal i . _ |OR colon cancer: 1.0
Boffetta, 1994 case ascertainment: 1979 OR lung cancer: 0.7, 13 cases

1981 o

. ‘ French Canadians:

adjusted for age, family OR prostate cancer: 3.0 (1.0-9.0) 5 cases

income, Fo.bacco smoking, OR bladder cancer: 2.2 (1.0-4.9) 8 cases

ethnic origin, alcohol OR non-Hodgkin's lymphoma: 1.5 (0.4-5.1) 2 cases

consumption (lung cancer for |any asphalt exposure

ethnic origin, alcohol index  |OR colon cancer: 1.6 (1.1-2.5) 22 cases

and respondent —proxy/self-) |OR lung cancerL 0.9, 30 cases

French Canadians:

OR non-Hodgkin’s lymphoma: 2.0 (1.0-4.0) 7 cases
OR bladder cancer: 2.2 (1.0-4.9) 8 cases
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ANNEX IV: SUMMARY OF AQUATIC TOXICITY DATA

Acute toxicity of naphthalene (CASnr. 91-20-3) to f

reshwater organisms.

Species Species properties Analyzed Test Substance Test pH Hardness Exp time Criterion Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/l)
Algae
Chlorella vulgaris N S - am - - 24h EC50 cell number 33000 Kauss & Hutchinson, 1975
Chlorella vulgaris N S - am 6.5 - 3h EC50 photosynthesis 19000 Hutchinson et al, 1980
Chlamydomonas angulosa N S - am 6.5 - 3h EC50 photosynthesis 9600 Hutchinson et al, 1980
Nitzschia palea Y S - am 7.6 - 4h EC50 assimilation 14C 2820 Milleman et al, 1984
Pseudokirchneriella subcapitata N - - - - - 14d EC50 standing crop 25000 Gaur, 1988
Pseudokirchneriella subcapitata Y S - am 7.6 - 4h EC50 assimilation 14C 2960 Milleman et al, 1984
Scenedesmus subspicatus N N >98% am - - 7d EC50 growth, area under the curve 68210 Djomo et al, 2004
Mollusca
Physa gyrina 7.5mm, 0.057 g Y Sc - nw 7.8 140 48h LC50 mortality 5020 Milleman et al, 1984
Crustacea
Daphnia magna Y S - tw 8.0-8.6 - 48h LC50 mortality 4100 Crider et al, 1982
Daphnia magna 1.5mm, 4-6 d N Sc 297% am  6.0-7.0 - 48h LC50 mortality 17000 Bobra et al, 1983
Daphnia magna <24h N Sc 297% w - - 48h EC50 immobility 2194 Munoz & Tarazona, 1993
Daphnia magna adult, mixed age N S - nw  7.6+0.2 134+16 48h LC50 mortality 22600 Eastmond et al, 1984
Daphnia magna 24h Y Sc - nw 7.8 140 48h EC50 immobility 2160 Milleman et al, 1984
Daphnia magna 4-6d N Sc 297% am  6.0-7.0 - 48h LC50 mortality 4700 Abernethy et al, 1986
Daphnia magna <24h Y S - am  7.8£0.2 250+30 48h EC50 immobility 1664 Bisson et al, 2000
Daphnia magna neonates <24 h N S - am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S - am 8 250 24+2+1h EC50 immobility >1024 Wernersson, 2003
Daphnia magna <24h N Sc - w 7.4-9.4 173 48h LC50 mortality 8600 LeBlanc, 1980
Daphnia magna <24h N Sc - w 7.4-9.4 173 48h NOEC mortality 600 LeBlanc, 1980
Daphnia magna - - - - - - 48h LC50 mortality 24100 Parkhurst et al, 1981
Daphnia pulex <24h N S 296% w 160-180 48h EC50 immobility 4663 Smith et al, 1988
Daphnia pulex <24h N S 296% w - 160-180 48h EC10 immobility 1900 Smith et al, 1988
Daphnia pulex 1.9-2.1mm N Sc - nw 7.5 - 96h LC50 mortality 1000 Trucco et al, 1983
Daphnia pulex neonates Y S - tw 6.8-7.5 4348 48h LC50 mortality 3400 Geiger & Buikema, 1981, 1982
Gammarus minus adult Y Sc - nw - - 48h LC50 mortality 3930 Milleman et al, 1984
Insecta
Chironomus attenuatus 4 instar N S - tw 7.9-8.3 - 24 h LC50 mortality 13000 Darville & Wilhm, 1984
Chironomus tentans 4t instar Y Sc - nw 7.8 140 48h EC50 immobility 2810 Milleman et al, 1984
Chironomus riparius 1stinstar, <24 h Y S >99% DSW - - 96 h LC50 mortality 600 Bleeker et al, 2003
Chironomus riparius 1stinstar, <24 h Y S >99% DSW - 96 h LC50 mortality 650 Bleeker et al, 2003
Somatochlora cingulata N - - nw - - 96 h LC50 mortality 1000-2500 Correa & Coler, 1983
Tanytarsus dissimilis 4t instar N S - tw 7.9-8.3 - 48h LC50 mortality 16000 Darville & Wilhm, 1984
Pisces
Abramis brama N S technical nw 7.8-8.1 - 24h LC50 mortality 10000 Frumin et al, 1992
Oncorhynchus kisutch fry1g Y CF - nw - - 96h LC50 mortality 2100 Moles et al, 1981
Oncorhynchus kisutch fry0.3g Y CF - nw - 96h LC50 mortality 3220 Moles, 1980
Oncorhynchus mykiss fry, 13-21d N S 295% nw 160-190 96 h LC50 mortality 1800 Edsall, 1991
Oncorhynchus mykiss fry, 13-21d N S 295% nw 160-190 96h LC50 mortality 6100 Edsall, 1991
Oncorhynchus mykiss fry, 13-21d N S 295% nw 160-190 96 h LC50 mortality 2600 Edsall, 1991
Oncorhynchus mykiss fry, 13-21d N S 295% nw 160-190 96 h LC50 mortality 4400 Edsall, 1991
Oncorhynchus mykiss fry, 13-21d N S 295% nw 160-190 96 h LC50 mortality 5500 Edsall, 1991
Oreochromis mossambicus N R - - - - 96 h LC50 mortality 7900 Dangé, 1986
QOreochromis mossambicus 4-5mo N S technical nw 7.8-8.1 - 24h LC50 mortality 22000 Frumin et al, 1992
Pimephales promelas 34d Y CF 98% - 7.4 44 96 h LC50 mortality 6140 Broderius et al, 1995; Geiger et al, 1985
Pimephales promelas 31-35d Y CF 98% nw 6977 44.9 96 h LC50 mortality 6080 Holcombe et al, 1984
Pimephales promelas 1-2mo, 0.27 g, 28 mm Y Sc - nw 7.8 140 96 h LC50 mortality 1990 Milleman et al, 1984
Pimephales promelas 0.99, 46 mm Y CF - nw 7.9-8.0 535-596 96 h LC50 mortality 7900 DeGraeve et al, 1982
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Chronic toxicity of naphthalene to freshwater organ isms.
Species Species properties Analyzed  Test Substance Test pH Hardness Exp time Criterion Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/l)
Algae
Chlorella vulgaris N S am - - 24h EC10 cell number 3900 Kauss & Hutchinson, 1975
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth >4270 Bisson et al, 2000
Pseudokirchneriella subcapitata N - - - - - 14d EC10 standing crop 13000 Gaur, 1988
Scenedesmus subspicatus N S >98% am - - 7d EC10 growth, area under the curve 7270 Djomo et al, 2004
Macrophyta
Lemna gibba Y R am - - 8d EC10 growth 32000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC50 growth 1600 Ren et al, 1994
Lemna gibba Y R am - - 8d EC10 growth 280 Ren et al, 1994
Lemna gibba Y R am - - 8d EC10 growth 1000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC1-3 growth 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC0-13 chilorophyll content 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC2-21 growth 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC2-42 chilorophyll content 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC4-7 growth 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC3-13 chlorophyll content 2000 Ren et al, 1994
Cyanophyta
Anabaena flos-aqua Y S analytical am - - 2w NOEC growth 225000 Bastian & Toetz, 1982
Crustacea
Ceriodaphnia dubia <24h Y R w8104 240+40 7d EC10 reproduction 514 Bisson et al, 2000
Daphnia pulex <24h Y R - tw  69-7.5 41-50 lifetime NOEC reproduction, growth 2600 Geiger & Buikema, 1982
Hyalella azteca 23w N R 98% nw 82 165 10d LC50 mortality 2720 Lee et al, 2001
Hyalella azteca 23w N R 98% nw 82 165 14d LC50 mortality 2130 Lee et al, 2001
Insecta
Diporeia spp. 1-2mm, 5-11 m, juvenile Y R >98% w8183 165-250 5d EC50 immobility 1587 Landrum et al, 2003
Diporeia spp. 1-2 mm, 5-11 m, juvenile Y R >98% nw 8183 165-250 10d EC50 immobility 1141 Landrum et al, 2003
Diporeia spp. 1-2mm, 5-11 m, juvenile Y R >98% w8183 165-250 10d LC50 mortality 1757 Landrum et al, 2003
Diporeia spp. 1-2mm, 5-11 m, juvenile Y R >98% w8183 165-250 28d LC50 mortality 1266 Landrum et al, 2003
Tanytarsus dissimilis 4th instar Y CF - tw 7.7-8.0 132-190 life-cycle NOEC egg hatching, adult emergence <500 Darville & Wilhm, 1984
Pisces
Micropterus salmoides eggs 2-4d post spawn Y CF am 74181 86.8-116.3 7 dincl. 4 post- LC50 mortality 680 Milleman et al, 1984
hatch
Micropterus salmoides eggs 2-4d post spawn Y CF am 7.4-8.1 86.8-116.3 7 dincl. 4 post- LC50 mortality 510 Black et al, 1983
hatch
Micropterus salmoides eggs 2-4d post spawn Y CF am 7.4-8.1 86.8-116.3 7 dincl. 4 post- LC10 mortality 37 Black et al, 1983
hatch
Oncorhynchus kisutch fry, 19 Y CF w - - 40d NOEC weight/length (increase) 370 Moles et al, 1981
Oncorhynchus kisutch fry, 19 Y CF w - - 40d EC50 weight (wet/dry; increase) 770 Moles et al, 1981
Oncorhynchus kisutch fry, 19 Y CF w - - 40d EC10 weight (wet/dry; increase) 520 Moles et al, 1981
Oncorhynchus kisutch fry, 19 Y CF nw - - 40d EC50 length (increase) 840 Moles et al, 1981
Oncorhynchus kisutch fry, 19 Y CF w - - 40d EC10 length (increase) 460 Moles et al, 1981
Oncorhynchus mykiss eggs 20 min post fertilization Y CF w 7.41- 86.8-116.3 27 dincl. 4 post- LC50 mortality 120 Milleman et al, 1984
8.10 hatch
Oncorhynchus mykiss eggs 20 min post fertilization Y CF w 7.4-8.1 86.8-116.3 27 d incl. 4 post- LC50 mortality 110 Black et al, 1983
hatch
Oncorhynchus mykiss eggs 20 min post fertilization Y CF w 7.4-8.1 86.8-116.3 27 d incl. 4 post- LC10 mortality 20 Black et al, 1983
hatch
Oncorhynchus mykiss 3.9g,93mm Y CF mw  7.9-80 535-596 30d LC50 mortality 1600 DeGraeve et al, 1982
Pimephales promelas embryo/larvae Y CF mw  7.9-80 535-596 30d NOEC length, weight 450 DeGraeve et al, 1982
Pimephales promelas embryo/larvae Y CF mw  7.9-80 535-596 30d NOEC hatchability 450 DeGraeve et al, 1982
Pimephales promelas embryo/larvae Y CF mw  7.9-80 535-596 30d EC10 hatchability 2900 DeGraeve et al, 1982
Pimephales promelas embryo/larvae Y CF mw  7.9-80 535-596 30d NOEC mortality 1800 DeGraeve et al, 1982
Sarotherodon mossambicus 18+3¢g N R tw  7.6£0.3 235 12w NOEC growth 2300 Dange & Masurekar, 1982
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Acute toxicity of naphthalene to marine organisms

Species Species properties Analyzed Test Substance Test PH Salinity (%) Exp time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Mollusca
Callinectus sapidus adult, 50-227 g Y CF analytical am - 10 48h LC50 mortality 2900 Sabourin, 1982
Callinectus sapidus adult, 50-227 g Y CF analytical am - 20 48h LC50 mortality 2100 Sabourin, 1982
Callinectus sapidus adult, 50-227 g Y CF analytical am - 30 48h LC50 mortality 2000 Sabourin, 1982
Mytilus edulis N R 298% nw - 33 48h EC50 feeding, filtration 922 Donkin et al, 1989, 1991
Annelida
Neanthes arenaceodentata Y S 298% am - 32 96h LC50 mortality 3800 Rossi & Neff, 1978
Crustacea
Artemia salina nauplii Y S 298% am 8587 32 24h EC50 immobility 3190 Foster & Tullis, 1984
Artemia salina nauplii N Sc 297% - - 30 24h LC50 mortality 11000 Abernethy et al, 1986
Cancer magister 1 instar zoeae Y S analytical nw - 30 96 h LC50 mortality >2000 Caldwell et al, 1977
Cancer magister newly hatched zoeae Y F - nw 7.5 - 36h LC100 mortality 8-12 Sanborn & Malins, 1977
Calanus finmarchicus adult Y Sc >97% nw - 33 96h LC50 mortality 2400 Falk-Petersen et al, 1982
Calanus finmarchicus adult Y Sc >97% nw - 33 96h Lc10 mortality 2200 Falk-Petersen et al, 1982
Elasmopus pectenicrus adult N Re - nw - 30 96h LC50 mortality 2680 Lee & Nicol, 1978b
Eualis suckleyi 19 Y CF - w - - 96 h LC50 mortality 1390 Rice & Thomas, 1989
Eurytemora affinis adult Y Sc 299% nw - 20 24h LC50 mortality 3800 Ottet al, 1978
Hemigrapsus nudus N CF - nw - 28-29 8d LC50 mortality 1100 Gharrett & Rice, 1987
Hemigrapsus nudus N CF - nw - 28-29 8d LC50 mortality 2100 Gharrett & Rice, 1987
Hemigrapsus nudus N CF - nw - 28-29 8d LC50 mortality 2800 Gharrett & Rice, 1987
Neomysis americana Y CF - am - - 96 h LC50 mortality 1280 Smith & Hargreaves, 1983
Neomysis americana Y CF - am - - 96 h LC50 mortality 850 Smith & Hargreaves, 1983
Neomysis americana Y R - am - - 96h LC50 mortality 1420 Hargreaves et al, in press cited in Smith & Hargreaves, 1983
Neomysis americana Y R - am - - 96 h LC50 mortality 800 Hargreaves et al, in press cited in Smith & Hargreaves, 1983
Palaemonetes pugio Y S - nw - 20 24h LC50 mortality 2600 Anderson et al, 1974
Palaemonetes pugio - - - - - - 48h LC50 mortality 2350 Tatem & Anderson., 1973
Palaemonetes pugio adult N S highpurity ~— am  8.1+0.1 20 96 h LC50 mortality 2350 Tatem et al, 1978
Pandalus goniurus 089, 6cm Y S - nw - 26-28 96h LC50 mortality 2160 Korn et al, 1979
Pandalus goniurus 0.8g, 6cm Y S - nw - 26-28 96 h LC50 mortality 1020 Korn et al, 1979
Pandalus goniurus 089, 6cm Y S - nw - 26-28 96h LC50 mortality 971 Korn et al, 1979
Pandalus platyceros larvae stages | and IV Y F - nw 7.5 - 36h LC100 mortality 8-12 Sanborn & Malins, 1977
Parhyale hawaiensis adult N S - nw - 30 24h LC50 mortality 15000 Lee & Nicol, 1978a
Parhyale hawaiensis adult N S - w - 30 24h LC10 mortality 12000 Lee & Nicol, 1978a
Parhyale hawaiensis adult N Sc - nw - 30 24h LC50 mortality 6000 Lee & Nicol, 1978a
Parhyale hawaiensis adult N Sc - nw - 30 24h LC10 mortality 3700 Lee & Nicol, 1978a
Penaeus aztecus Y S - nw - 20 24h LC50 mortality 2500 Anderson et al, 1974
Penaeus aztecus Jjuvenile, 0.3 g N S high purity ~ am  8.1+0.1 20 96h LC50 mortality 2500 Tatem et al, 1978
Echinodermata
Strongylocentrotus droebachiensis eggs, ELS Y S >97% nw - 33 96 h LC50 mortality 1000 Falk-Petersen et al, 1982
Strongylocentrotus droebachiensis eggs, ELS Y S >97% w - 33 96 h LC10 mortality 940 Falk-Petersen et al, 1982
Strongylocentrotus droebachiensis eggs, ELS Y S >97% nw - 33 96 h LC50 mortality 580 Saethre et al, 1984
Strongylocentrotus droebachiensis eggs, ELS Y S >97% nw - 33 96 h LC10 mortality 570 Saethre et al, 1984
Pisces
Cyprinodon variegatus Y S - nw - 20 24h LC50 mortality 2400 Anderson et al, 1974
Fundulus heteroclitus 82cm Y R - nw 7.6 15 96h LC50 mortality 5300 DiMichele & Taylor, 1978
Gadus morhua eggs, ELS Y S >97% nw - 33 96h LC50 mortality 1200 Falk-Petersen et al, 1982
Gadus morhua eggs, ELS Y S >97% nw - 33 96 h LC10 mortality 1000 Falk-Petersen et al, 1962
Gadus morhua eggs, ELS Y S >97% nw - 33 96h Lc10 mortality >700 Saethre et al, 1984
MetaPenaeus monocerus Jjuvenile N R - nw 7.5 17.5 96 h LC50 mortality 5087 Deshmukh et al, 1985
Oncorhynchus gorbuscha 325mg, 32 mm Y CF - nw - 28 96 h LC50 mortality 1200 Moles & Rice, 1983
Oncorhynchus gorbuscha fry, 0.35g, 3.5cm Y S - nw - 26-28 96 h LC50 mortality 1370 Korn et al, 1979
Oncorhynchus gorbuscha fry, 0.35g, 3.5cm Y S - nw - 26-28 96 h LC50 mortality 1840 Korn et al, 1979
Oncorhynchus gorbuscha fry, 0.35g, 3.5¢cm Y S - nw - 26-28 96 h LC50 mortality 1240 Korn et al, 1979
Oncorhynchus gorbuscha fry Y CF - nw - - 48h LC50 mortality 961 Rice & Thomas, 1989
Oncorhynchus gorbuscha fry, 4.5-5.5cm Y S - nw - 27 24h LC50 mortality 920 Thomas & Rice, 1979
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Chronic toxicity of naphthalene (CASnr. 91-20-3) to marine organisms

Species Species properties Analyzed  Test Substance Test pH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Algae
Champia parvula female N R am - 30 14d NOEC growth, reproduction (nr. of cystocarps) 1300 Thursby et al, 1985
Champia parvula female N R am - 30 14d EC50 growth 2200 Thursby et al, 1985
Champia parvula female N R am - 30 14d EC10 growth 850 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 14d NOEC growth 1300 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 14d NOEC growth <695 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 11d NOEC reproduction (nr. of tetrasporangia) 695 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 14d EC50 growth 1900 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 14d EC10 growth 1400 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 14d EC50 growth 1000 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 14d EC10 growth 470 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 11d EC50 reproduction (nr. of tetrasporangia) 1300 Thursby et al, 1985
Champia parvula tetrasporophyte N R am - 30 11d EC10 reproduction (nr. of tetrasporangia) 900 Thursby et al, 1985
Crustacea
Cancer magister zo0eae, Alaska Y CF analytical nw - 29-34 40d NOEC larval development 21 Caldwell et al, 1977
Cancer magister z0eae, Oregon Y CF analytical nw - 29-34 60d NOEC larval development 2170 Caldwell et al, 1977
Cancer magister zo0eae, Alaska Y CF analytical nw - 29-34 40d NOEC mortality, growth >130 Caldwell et al, 1977
Cancer magister zoeae, Oregon Y CF analytical nw - 29-34 60d NOEC mortality, growth >170 Caldwell et al, 1977
Eurytemora affinis adult Y Re 299% nw - 20 lifetime, 15 d NOEC life time, nr. of eggs, brood size<14 136 Ottet al, 1978
Rhithropanopeus harrissi 2z0eae N R - am - 515,25  zoeal development NOEC mortality 2500 Laughlin & Neff, 1979

until molting to
emgalops

Pisces
Oncorhynchus gorbuscha 325mg, 32 mm Y CF - w - 28 5w NOEC wet weight (increase) 120 Moles & Rice, 1983
Oncorhynchus gorbuscha 325mg, 32 mm Y CF - nw - 28 5w EC50 wet weight (increase) 700 Moles & Rice, 1983
Oncorhynchus gorbuscha 325 mg, 32 mm Y CF - w - 28 5w C10 wet weight (increase) 260 Moles & Rice, 1983
Oncorhynchus gorbuscha 325 mg, 32 mm Y CF > nw - 28 5w NOEC length (increase) 560 Moles & Rice, 1983
Oncorhynchus gorbuscha 325mg, 32 mm Y CF > nw - 28 5w EC50 length (increase) 950 Moles & Rice, 1983
Oncorhynchus gorbuscha 325 mg, 32 mm Y CF = w - 28 5w EC10 length (increase) 390 Moles & Rice, 1983
Acute toxicity of acenaphthylene (CASnr: 208-96-8)  to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Crustacea
Daphnia magna <24h Y S - am  7.8%0.2 250+30 48h EC50 immobility 1800 Bisson et al, 2000
Daphnia magna neonates <24 h N S - am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S - am 8 250 24+2¢1h EC50 immobility >1024 Wernersson, 2003
Pisces
Oryzias latipes - - - - - - - 48h LC50 mortality 11000 Yoshioka et al, 1986
Oryzias latipes - - R - diw 7.2 40 96 h LC50 mortality 6400 Yoshioka & Ose, 1993
Chronic toxicity of acenaphthylene (CASnr: 208-96-8 ) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 82 Bisson et al, 2000
Crustacea
Ceriodaphnia dubia <24h Y R - nw  81x0.4 240+40 7d EC10 reproduction 64 Bisson et al, 2000
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Acute toxicity of acenaphthene (CAShr: 83-32-9) to

freshwater organisms.

Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOyL)
Mollusca
Aplexa hypnorum adult Y CF 99% mw  7.576 43.3 96 h LC50 mortality >2040 Holcombe et al, 1983
Crustacea
Daphnia magna <24h Y S am  7.8%0.2 250+30 48h EC50 immobility 958 Bisson et al, 2000
Daphnia magna <24h N Sc w 7.4-9.4 173 48h LC50 mortality 41000 LeBlanc, 1980
Daphnia magna <24h N Sc - w7494 173 48h NOEC mortality 600 LeBlanc, 1980
Daphnia magna <24h N Sc 297% w - - 48h EC50 immobility 1275 Munoz & Tarazona, 1993
Daphnia magna 12+12 h 1stinstar N S - nw 7.7 154.5 48h EC50 immobility 3450 Randall & Knopp, 1980
Daphnia magna neonates <24 h N S am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S am 8 250 24+2¢1h EC50 immobility >1024 Wernersson, 2003
Pisces
Oryzias latipes - - R diw 7.2 40 48h LC50 mortality 23000 Yoshioka & Ose, 1993
Pimephales promelas 2w Y CF - nw 7.4 35 96 h LC50 mortality 608 Cairns & Nebeker, 1982
Pimephales promelas 0169 Y CF 99% nw 7.5-7.6 43.3 96h LC50 mortality 1600 Holcombe et al, 1983
Ictalurus punctatus 509 Y CF 99% nw 7.5-7.6 43.3 96h LC50 mortality 1720 Holcombe et al, 1983
Oncorhynchus mykiss 139 Y CF 99% w7274 45.8 96 h LC50 mortality 670 Holcombe et al, 1983
Salmo trutta 0.16g Y CF 99% mw  7.2-7.4 45.8 96 h LC50 mortality 580 Holcombe et al, 1983
Lepomis macrochirus 0.32-1.2¢g N Sc >80% w6579 32-48 96 h LC50 mortality 1700 Buccafusco et al, 1981
Chronic toxicity of acenaphthene (CASnr: 83-32-9) t o freshwater organisms.
Species Species properties Analyzed  Test Substance Test pH  Hardness (mg Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water CaCO3/L)
Cyanophyta
Anabaenaflos-aqua Y S analytical am - - 2w NOEC growth 24500 Bastian & Toetz, 1982
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 38 Bisson et al, 2000
Crustacea
Ceriodaphnia dubia <24h Y R mw  81+04 240+40 7d EC10 reproduction 42 Bisson et al, 2000
Pisces
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h NOEC fork length, wet weight 332 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF w 7.4 35 96 h EC50 fork length 2400 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h EC10 fork length 220 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h EC50 wet weight 510 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h EC10 wet weight 190 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h NOEC fork length, wet weight 345 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF w 7.4 35 96 h EC50 fork length 1400 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h EC10 fork length 590 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF w 7.4 35 96 h EC50 wet weight 760 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h EC10 wet weight 440 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h NOEC mortality 509 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF w 7.4 35 96 h LC50 mortality 690 Cairns & Nebeker, 1982
Pimephales promelas ELS, embryos 248 h Y CF nw 7.4 35 96 h LC10 mortality 590 Cairns & Nebeker, 1982
Acute toxicity of acenaphthene (CASnr: 83-32-9) to ~ marine organisms.
Species Species properties Analyz Test  Substance Test pH Salinity(%)  Exp. time Criterion Test endpoint Value (ug/L) Reference

ed type  purity water

Mollusca
Mytilus edulis N R 298% nw 33 48h EC50 feeding filtration 382 Donkin et al, 1989, 1991
Pisces
Cyprinodon variegatus 8-15mm, 14-28 d N S >80% nw 10-31 96 h EC50 mortality 2200 Heitmuller et al, 1981
Cyprinodon variegatus 8-15mm, 14-28 d N S >80% nw 10-31 96 h NOEC mortality 1000 Heitmuller et al, 1981
Cyprinodon variegatus adult Y IF - nw 25 96 h LC50 mortality 3100 Ward et al, 1981
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Chronic toxicity of acenaphthene (CASnhr: 83-32-9) t

0 marine organisms.

Species Species properties Analyzed  Test Substance Test pH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Notes
type purity water

Pisces
Cyprinodon variegatus ELS embryo Y IF mw  7.9-83 25+3 4h after fertilization NOEC hatching 970 175

- hatching
Cyprinodon variegatus ELS embryo Y IF mw  7.9-83 25+3 4h after fertilization EC50 hatching 1300 92,175

- hatching
Cyprinodon variegatus ELS embryo Y IF mw  7.9-83 25+3 4h after fertilization EC10 hatching 760 92,175

- hatching
Cyprinodon variegatus ELS embryo Y IF mw  7.9-83 25+3 28 d after hatching NOEC mortality 520 175
Cyprinodon variegatus ELS embryo Y IF w7983 25£3 28 d after hatching EC50 mortality 860 92,175
Cyprinodon variegatus ELS embryo Y IF mw  7.9-83 25+3 28 d after hatching EC10 mortality 610 92,175
Acute toxicity of anthracene (CASnr: 120-12-7)tof  reshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)

Algae
Chlorella vulgaris N S am 6.5 - 3h EC50 photosynthesis 530 Hutchinson et al, 1980
Chlamydomonas angulosa N S - am 6.5 - 3h EC50 photosynthesis 240 Hutchinson et al, 1980
Pseudokirchneriella subcapitata N S 299% am - - 96h EC50 growth >40000 Cody et al, 1984
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC50 growth rate 39 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC50 growth rate 6.6 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC50 growth rate 53 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC50 growth rate 12.1 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC50 growth rate 37.4 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC50 primary production 33 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC50 primary production 59 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC50 primary production 4.9 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC50 primary production 8.1 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC50 primary production 24 Gala & Giesy, 1992
Scenedesmus subspicatus N S >98% am - - 7d EC50 growth, area under the curve 1040 Djomo et al, 2004
Macrophyta
Lemna gibba - Y S am - - 4h EC50 Chl a fluorescence 6600 Huang et al, 1997b
Lemna gibba - Y S am - - 4h EC10 Chl a fluorescence 590 Huang et al, 1997b
Lemna gibba - Y S am - - 4h EC50 Chl a fluorescence 6300 Huang et al, 1997b
Lemna gibba - Y S - am - - 4h EC10 Chl a fluorescence 110 Huang et al, 1997b
Lemna gibba - Y S high am - - 6h EC50 Chl a fluorescence 1800 Mallakin et al, 2002
Lemna gibba - Y S high am - - 6h EC50 Chl a fluorescence 1000 Mallakin et al, 2002
Lemna gibba - Y S high am - - 6h EC50 electron transport 90 Mallakin et al, 2002
Lemna gibba - Y S high am - - 6h EC50 electron transport 50 Mallakin et al, 2002
Lemna gibba - Y S high am - - 6h EC50 t12 photosynthetic activity 1200 Mallakin et al, 2002
Mollusca
Utterbackia imbecilis glochidia N R 98% w 8.09 81.3 24h LC50 mortality >16.6 Weinstein & Polk, 2001
Utterbackia imbecilis glochidia N R 98% w 8.09 81.3 8h LC50 mortality 2.84 Weinstein & Polk, 2001
Utterbackia imbecilis glochidia N R 98% w 8.09 81.3 16 h LC50 mortality 201 Weinstein & Polk, 2001
Utterbackia imbecilis glochidia N R 98% w 8.09 81.3 24h LC50 mortality 1.93 Weinstein & Polk, 2001
Crustacea
Daphnia magna mature N S analytical tw - - 2h LC50 mortality 20 Kagan et al, 1985, 1987
Daphnia magna 4-6d N Sc 297% am  6.0-7.0 - 48h LC50 mortality 36 Abernethy et al, 1986
Daphnia magna <24h Y S - am  7.8+0.2 250+30 48h EC50 immobility >25 Bisson et al, 2000
Daphnia magna <24h N Sc 297% w - - 48h EC50 immobility 95 Munoz & Tarazona, 1993
Daphnia magna 1.5mm, 4-6d N Sc 297% am  6.0-7.0 - 48h LC50 mortality 3000 Bobra et al, 1983
Daphnia magna neonates <24 h N S - am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S - am 8 250 24+2¢1h EC50 immobility 5.66 Wernersson, 2003
Daphnia pulex <24h N S 296% w - 160-180 48h EC50 immobility 754 Smith et al, 1988
Daphnia pulex <24h N S 296% w - 160-180 48h EC10 immobility 80 Smith et al, 1988
Daphnia pulex adult Y S 99.9 nw 7.2 350 24+0.5h EC50 immobility 1 Allred & Giesy, 1985
Daphnia pulex adult Y S 99.9 w 7.2 350 24+1h EC50 immobility 5.1 Allred & Giesy, 1985
Daphnia pulex adult Y S 99.9 nw 7.2 350 24+1h EC50 immobility 20 Allred & Giesy, 1985
Daphnia pulex adult Y S 99.9 w 7.2 350 24+0.75h EC50 immobility 13 Allred & Giesy, 1985
Daphnia pulex adult Y S 99.9 w 7.2 350 24+0.75h EC50 immobility 11 Allred & Giesy, 1985
Daphnia pulex adult Y S 99.9 nw 7.2 350 24+0.75h EC50 immobility 20 Allred & Giesy, 1985
Insecta
Aedes aegypti 34 instar Y R - am - - 48h LC50 mortality 26.8 Oris et al, 1984
Aedes aegypti <8 h, 1stinstar N S anal - - - <24h LC50 mortality 150 Kagan et al, 1985, 1987

142



ANNEX 1 —BACKGROUND DOCUMENT TORAC OPINION ONPITCH, COAL TAR, HIGH TEMP. (CTPHT)

Aedes aegypti late-39/4™ instar N S - - - 24h LC50 mortality <1 Borovsky et al, 1987
Aedes taeniorhynchus late-3%/4t instar N S - - - - 24h LC50 mortality 260 Borovsky et al, 1987
Chironomus riparius st instar, <24 h Y S >99% DSW - - 96h LC50 mortality 25 Bleeker et al, 2003
Chironomus riparius 18t instar, <24 h Y S >99% DSW - - 96h LC50 mortality 110 Bleeker et al, 2003
Culex quinquefasciatus late-3%/4™ instar N S - - - - 24h LC50 mortality 37 Borovsky et al, 1987
Pisces
Lepomis macrochirus Jjuvenile 0.78+0.05 g, 3.11+0.05 cm Y CF tech. tw 7.7 326 5d LC50 mortality 1.27 McCloskey & Oris, 1991
Lepomis macrochirus Jjuvenile 0.78+0.05 g, 3.11+0.05 cm Y CF tech. tw 7.7 326 5d LC50 mortality 7.97 McCloskey & Oris, 1991
Lepomis macrochirus Jjuvenile 0.78+0.05 g, 3.11+0.05 cm Y CF tech. tw 7.7 326 5d LC50 mortality 374 McCloskey & Oris, 1991
Lepomis macrochirus Jjuvenile 0.78+0.05 g, 3.11+0.05 cm Y CF tech. tw 7.7 326 5d LC50 mortality 827 McCloskey & Oris, 1991
Lepomis macrochirus Jjuvenile 0.78+0.05 g, 3.11+0.05 cm Y CF tech. tw 7.7 326 5d LC50 mortality 7.47 McCloskey & Oris, 1991
Lepomis macrochirus Jjuvenile 0.78+0.05 g, 3.11+0.05 cm Y CF tech. tw 7.7 326 5d LC50 mortality 6.78 McCloskey & Oris, 1991
Lepomis macrochirus Jjuvenile 0.5-1g, 2-3cm Y CF tech. tw  8.20+0.2 328 6d LC50 mortality 278 Oris & Giesy, 1985; Oris et al, 1984
7
Lepomis spec. (macrochirus) Jjuvenile 0.5-1g, 2-3cm Y CF tech. tw  8.20+0.2 328 6d LC50 mortality 11.92 Oris & Giesy, 1985; Oris et al, 1984
7
Lepomis spec. (macrochirus) Jjuvenile 0.5-1g, 2-3cm Y CF tech. tw 82002 328 6d LC50 mortality 18.23 Oris & Giesy, 1985; Oris et al, 1984
7
Lepomis spec. (macrochirus) Jjuvenile 0.5-1g, 2-3cm Y CF tech. tw  8.20+0.2 328 6d LC50 mortality 26.47 Oris & Giesy, 1985; Oris et al, 1984
7
Pimephales promelas 5cm, 0.8g N S anal. - - - ~24h LC50 mortality 360 Kagan et al, 1985
Chronic toxicity of anthracene (CASnr: 120-12-7) to freshwater organisms.
Species Species properties Analyzed  Test Substance Test pH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOslL)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 7.8 Bisson et al, 2000
Pseudokirchneriella subcapitata N S 299% am - - 96h EC10 growth 290 Cody et al, 1984
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC10 growth rate 1.5 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC10 growth rate 25 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC10 growth rate 23 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC10 growth rate 87 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h EC10 growth rate 7.8 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC10 primary production 1.7 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC10 primary production 27 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC10 primary production 22 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC10 primary production 25 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h EC10 primary production 39 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h NOEC growth rate 1.42 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h NOEC growth rate 235 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h NOEC growth rate <5.03 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h NOEC growth rate 5.93 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 34h NOEC growth rate 6.2 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h NOEC primary production 1.36 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h NOEC primary production 226 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h NOEC primary production <4.87 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h NOEC primary production 575 Gala & Giesy, 1992
Pseudokirchneriella subcapitata Y R 99.90% am 7.5 - 36h NOEC primary production 2.81 Gala & Giesy, 1992
Scenedesmus subspicatus N S >98% am - - 7d EC10 growth, area under the curve 10 Djomo et al, 2004
Macrophyta
Brassica napus seeds N R am - - 6d EC50 root growth 1400 Ren et al, 1996
Brassica napus seeds N R am - - 6d EC50 root growth 140 Ren et al, 1996
Brassica napus seeds N R am - - 6d EC50 root growth 420 Ren et al, 1996
Brassica napus seeds N R am - - 6d EC50 root growth 150 Ren et al, 1996
Lemna gibba Y R am - - 8d EC50 growth 1300 Huang et al, 1993
Lemna gibba Y R am - - 8d EC10 growth 470 Huang et al, 1993
Lemna gibba Y R am - - 8d EC50 growth 790 Huang et al, 1993
Lemna gibba Y R am - - 8d EC10 growth 370 Huang et al, 1993
Lemna gibba Y R am - - 8d EC50 growth 480 Huang et al, 1993
Lemna gibba Y R am - - 8d EC10 growth 110 Huang et al, 1993
Lemna gibba Y R am - - 8d EC49-100  growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC57-100  chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC75-100  growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC100 chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC6-30 growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC43-61  chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y S am - - 8d EC100 growth 2000 Huang et al, 1995
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Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)

Lemna gibba Y R - am - - 8d EC50 growth 1100 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 680 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 470 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 110 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 200 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 67 Huang et al, 1995
Lemna gibba Y S am - - 8d EC96 growth 2000 Huang et al, 1997ab
Lemna gibba Y S am - - 8d EC100 growth 2000 Huang et al, 1997ab
Lemna gibba - N R am - - 8d LOEC growth inhibition 60 Mallakin et al, 1999
Lemna gibba - N R am - - 8d EC10 growth inhibition 45 Mallakin et al, 1999
Lemna gibba - N R am - - 8d EC50 growth inhibition 1300 Mallakin et al, 1999
Lemna gibba - N R am - - 8d LOEC growth inhibition 10 Mallakin et al, 1999
Lemna gibba - N R am - - 8d EC10 growth inhibition 40 Mallakin et al, 1999
Lemna gibba - N R am - - 8d EC50 growth inhibition 800 Mallakin et al, 1999
Lemna gibba - N R am - - 8d LOEC growth inhibition 10 Mallakin et al, 1999
Lemna gibba - N R am - - 8d EC10 growth inhibition 15 Mallakin et al, 1999
Lemna gibba - N R am - - 8d EC50 growth inhibition 300 Mallakin et al, 1999
Crustacea
Ceriodaphnia dubia <24h Y R - w8104 240+40 7d EC10 reproduction >34 Bisson et al, 2000
Daphnia magna Y R analytical am 8.1 230 21d NOEC population growth 34 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d EC10 population growth 7.1 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d NOEC population growth 22 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d EC10 population growth 25 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d NOEC population growth 22 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d EC10 population growth 4.7 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d NOEC population growth 19 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d EC10 population growth 32 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d EC50 population growth 10 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d NOEC fecundity 45 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d EC10 fecundity 33 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d NOEC fecundity 22 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d EC10 fecundity 2 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d NOEC fecundity 1.9 Foran et al, 1991
Daphnia magna Y R analytical am 8.1 230 21d EC10 fecundity 1.5 Foran et al, 1991
Daphnia magna Y R technical mw  81+0.2 230 21d NOEC reproduction (total number of young) <21 Holst & Giesy, 1989
Daphnia magna Y R technical mw  81+0.2 230 21d EC10 reproduction (total number of young) 52 Holst & Giesy, 1989
Daphnia magna Y R technical mw  81+0.2 230 21d NOEC reproduction (total number of young) <19 Holst & Giesy, 1989
Daphnia magna Y R technical mw  81+0.2 230 21d EC50 reproduction (total number of young) 4 Holst & Giesy, 1989
Daphnia magna Y R technical mw  81+0.2 230 21d EC10 reproduction (total number of young) 19 Holst & Giesy, 1989
Hyalella azteca 7-14d Y R 98% nw 7.79- 140-170 10d LC50 mortality 5.6 Hatch & Burton, 1999

8.88
Insecta
Chironomus tentans 8-10d Y R 98% nw 7.79- 140-170 10d LC50 mortality 5.6 Hatch & Burton, 1999

8.88
Chironomus riparius <24h Y S >99% DSW 84 200 28d LC50 mortality 1.8 Bleeker et al, 2003
Chironomus riparius <24h Y S >99% Dsw 8.4 200 28d NOEC emergence <0.53 Bleeker et al, 2003
Pisces
Pimephales promelas eggs Y CF analytical - 8 184 6w NOEC hatching 6.7 Hall & Oris, 1991
Pimephales promelas eggs Y CF analytical - 7.9 191 9w NOEC survival 12 Hall & Oris, 1991
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Acute toxicity of anthracene (CASnr: 120-12-7) tom  arine organisms.

Species Species properties Analyzed Test Substance Test PH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Crustacea
Artemia salina nauplii N Sc 297% - - 30 24h LC50 mortality >50 Abernethy et al, 1986
Artemia salina <1d N S analytical - - - 3h LC50 mortality 20 Kagan et al, 1985, 1987
Artemia salina nauplii N S - nw - - 10h EC50 immobility 34 Peachey & Crosby, 1996
Artemia salina nauplii N S nw - - 10h EC10 immobility 22 Peachey & Crosby, 1996
Artemia salina nauplii N S nw - - 10h EC50 immobility 52 Peachey & Crosby, 1996
Artemia salina nauplii N S nw - - 10h EC10 immobility 1.7 Peachey & Crosby, 1996
Mysidopsis bahia 24-48h Y S nw - 30 48h LC50 mortality 535 Pelletier et al, 1997
Mysidopsis bahia 24-48h Y S nw - 30 48h LC50 mortality 36 Pelletier et al, 1997
Mollusca
Mulinea lateralis embryo/larval Y S nw - 30 48h L(E)C50  survival/development 4260 Pelletier et al, 1997
Mulinea lateralis embryo/larval Y S nw - 30 48h L(E)C50  survival/development 6.47 Pelletier et al, 1997
Mulinea lateralis Jjuv. 1-1.5mm Y S nw - 30 96h LC50 mortality >13300 Pelletier et al, 1997
Mulinea lateralis juv. 1-1.5mm Y S nw - 30 96 h LC50 mortality 68.9 Pelletier et al, 1997
Mulinea lateralis juv. 1-1.5mm Y S nw - 30 96h EC50 growth >13300 Pelletier et al, 1997
Mulinea lateralis juv. 1-1.5mm Y S nw - 30 96h EC50 growth >82.8 Pelletier et al, 1997
Acute toxicity of phenanthrene (CASnr: 85-01-8) to  freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOyL)
Algae
Chlorella vulgaris N S am 6.5 - 3h EC50 photosynthesis 1200 Hutchinson et al, 1980
Chlamydomonas angulosa N S - am 6.5 - 3h EC50 photosynthesis 940 Hutchinson et al, 1980
Nitzschia palea Y S - am 7.6 - 4h EC50 assimilation 14C Milleman et al, 1984
Pseudokirchneriella subcapitata Y S - am 7.6 - 4h EC50 assimilation 14C Milleman et al, 1984
Pseudokirchneriella subcapitata N S >96% am  8.1-9.0 - 3d EC50 growth rate 2021 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata N S >96% am 8184 - 2d EC50 growth rate 2028 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y S/Sc >96% am  84-9.0 - 2d EC50 growth rate 1228 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-:9.0 - 2d EC50 growth rate 663 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-7.3 - 2d EC50 growth rate 180 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-84 - 3d EC50 growth rate 324 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-7.3 - 2d EC50 growth rate 302 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-82 - 3d EC50 growth rate 333 Halling-Serensen et al, 1996
Scenedesmus subspicatus N S >98% am - - 7d EC50 growth, area under the curve 50240 Djomo et al, 2004
Crustacea
Daphnia magna mature N S analytical tw - - 2h LC50 mortality 450 Kagan et al, 1987
Daphnia magna <24h N S - am 7.8 250 24h EC50 immobility 854 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 48h EC50 immobility 731 Verrhiest et al, 2001
Daphnia magna <24h N S - am 7.8 250 48+2h EC50 immobility 725 Verrhiest et al, 2001
Daphnia magna <24h N S - am 7.8 250 24h EC50 immobility 678 Verrhiest et al, 2001
Daphnia magna <24h N S - am 7.8 250 48h EC50 immobility 604 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 48+2 EC50 immobility 273 Verrhiest et al, 2001
Daphnia magna <24h Y S am 24h EC50 immobility 269 Verrhiest et al, 2001
Daphnia magna <24h Y S - am 48h EC50 immobility 199 Verrhiest et al, 2001
Daphnia magna 1.5mm, 4-6d N Sc 297% am  6.0-7.0 - 48h LC50 mortality 1200 Bobra et al, 1983
Daphnia magna <24h N Sc 297% w - - 48h EC50 immobility 383 Munoz & Tarazona, 1993
Daphnia magna adult, mixed age N S - w7602 134+£16 48h LC50 mortality 843 Eastmond et al, 1984
Daphnia magna 24 h Y Sc - nw 7.8 140 48h EC50 immobility 700 Milleman et al, 1984
Daphnia magna 4-6d N Sc 297% am  6.0-7.0 - 48h LC50 mortality 210 Abernethy et al, 1986
Daphnia magna <24h Y S - am  7.8+0.2 250+30 48h EC50 immobility >400 Bisson et al, 2000
Daphnia magna - - - - - - 48h LC50 mortality 1000 Parkhurst et al, 1981
Daphnia magna neonates <24 h N S am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S - am 8 250 24+2¢1h EC50 immobility 378 Wernersson, 2003
Daphnia pulex <24h N S 296% w - 160-180 48h EC50 immobility 350 Smith et al, 1988
Daphnia pulex <24h N S 296% w - 160-180 48h EC10 immobility 140 Smith et al, 1988
Daphnia pulex <24h N S 296% w - hard 48h EC50 immobility 734 Passino & Smith, 1987
Daphnia pulex 1.9-2.1mm N Sc - nw 75 - 96h LC50 mortality 100 Trucco et al, 1983
Daphnia pulex neonates Y S tw 7.2 43 48h LC50 mortality 1140 Geiger & Buikema, 1981, 1982
Gammarus minus adult Y Sc - nw - - 48h LC50 mortality 460 Milleman et al, 1984
Hyalella azteca 23w N R 98% nw 82 165 10d LC50 mortality 232 Lee et al, 2001
Hyalella azteca 23w N R 98% nw 82 165 10d LC50 mortality 235 Lee et al, 2001
Hyalella azteca 23w N R 98% nw 82 165 14d LC50 mortality 225 Lee et al, 2001
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Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Insecta
Aedes aegypti <8 h, 1stinstar N S analytical - - - <24h LC50 mortality 500 Kagan et al, 1987
Chironomus tentans 4 instar Y Sc - nw 7.8 140 48h EC50 immobility 490 Milleman et al, 1984
Chironomus riparius 18t instar, <24 h Y S 99.5% DSW - - 96h LC50 mortality 41 Bleeker et al, 2003
Chironomus riparius 1t instar, <24 h Y S 99.5% DSW - - 96 h LC50 mortality 160 Bleeker et al, 2003
Pisces
Oncorhynchus mykiss fry (Aree), 13-21d N S 295% nw - 160-190 96 h LC50 mortality 3200 Edsall, 1991
Pimephales promelas larvae Y R high tw - - 96 h NOEC mortality 210 Oris & Giesy, 1987
Chronic toxicity of phenanthrene (CASnr: 85-01-8) t o freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Cyanophyta
Anabaenaflos-aqua Y S analytical am - - 2w NOEC growth 320 Bastian & Toetz, 1982
Anabaenaflos-aqua Y S analytical am - - 2w EC10 growth 450 Bastian & Toetz, 1982
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 26 Bisson et al, 2000
Pseudokirchneriella subcapitata N S >96% am  8.1-9.0 - 3d EC10 growth rate 803 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata N S >96% am 8184 - 2d EC10 growth rate 720 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y S/Sc >96% am  84-9.0 - 2d EC10 growth rate 110 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-9.0 - 2d EC10 growth rate 139 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-7.3 - 2d EC10 growth rate 10 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-84 - 3d EC10 growth rate 50 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-7.3 - 2d EC10 growth rate 24 Halling-Serensen et al, 1996
Pseudokirchneriella subcapitata Y Sc >96% am  7.0-82 - 3d EC10 growth rate 37 Halling-Serensen et al, 1996
Scenedesmus subspicatus N S >98% am - - 7d EC10 growth, area under the curve 4910 Djomo et al, 2004
Macrophyta
Lemna gibba Y R am - - 8d EC50 growth 3200 Huang et al, 1993
Lemna gibba Y R am - - 8d EC10 growth 590 Huang et al, 1993
Lemna gibba Y R am - - 8d EC50 growth 1900 Huang et al, 1993
Lemna gibba Y R am - - 8d EC10 growth 880 Huang et al, 1993
Lemna gibba Y R am - - 8d EC50 growth 880 Huang et al, 1993
Lemna gibba Y R am - - 8d EC10 growth 240 Huang et al, 1993
Lemna gibba Y R am - - 8d EC32-59  growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC29-32  chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC33-73  growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC42-100  chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC16-22  growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC18-25  chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y S am - - 8d EC40 growth 2000 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 3000 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 530 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 2200 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 730 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 710 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 270 Huang et al, 1995
Lemna gibba Y S am - - 8d EC16 growth 2000 Huang et al, 1997ab
Lemna gibba Y S - am - - 8d EC28 growth 2000 Huang et al, 1997ab
Lemna gibba Y R 99% am - - 8d EC50 growth >5000 McConkey et al, 1997
Lemna gibba Y R 99% am - - 8d EC50 growth 3480 McConkey et al, 1997
Crustacea
Ceriodaphnia dubia <24h Y R mw  81+04 240+40 7d EC10 reproduction 13 Bisson et al, 2000
Daphnia magna Y R - - - 19-21d NOEC reproduction 75 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y R - - - 19d EC50 reproduction 42-75 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y R - - - 21d EC50 reproduction ~130 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y R - - - 19d NOEC mortality 75 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y R - - - 19d LC50 mortality 120 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y IF - - - 21d NOEC reproduction 21 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y IF - - - 21d EC50 reproduction 50 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y IF - - - 21d NOEC mortality 66 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y IF - - - 21d LC50 mortality 130 Hooftman & Evers-de Ruiter, 1992d
Daphnia magna Y IF - - - 21d NOEC length 38 Hooftman & Evers-de Ruiter, 1992d
Daphnia pulex <24h Y R - tw  69-7.5 41-50 lifetime NOEC reproduction, growth 110 Geiger & Buikema, 1982
Daphnia pulex neonates Y R 297% w - 160-200 16d NOEC reproduction, growth <60 Savino & Tanabe, 1989
Daphnia pulex neonates Y R 297% w - 160-200 16d EC10 reproduction, growth 31 Savino & Tanabe, 1989
Daphnia pulex neonates Y R 297% w - 160-200 16d EC50 reproduction, growth 79 Savino & Tanabe, 1989
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Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)

Daphnia pulex neonates Y R 297% w - 160-200 16d EC10 growth 41 Savino & Tanabe, 1989
Daphnia pulex neonates Y R 297% w - 160-200 16d EC50 growth 100 Savino & Tanabe, 1989
Insecta
Diporeia spp. 1-2 mm, 5-11 m, juv. Y R >98% nw 8183 165-250 2d EC50 immobility 295 Landrum et al, 2003
Diporeia spp. 1-2 mm, 5-11 m, juv. Y R >98% nw 8183 165-250 5d EC50 immobility 743 Landrum et al, 2003
Diporeia spp. 1-2 mm, 5-11 m, juv. Y R >98% nw 8183 165-250 10d EC50 immobility 38.2 Landrum et al, 2003
Diporeia spp. 1-2 mm, 5-11 m, juv. Y R >98% nw 8183 165-250 10d LC50 mortality 168.4 Landrum et al, 2003
Diporeia spp. 1-2 mm, 5-11 m, juv. Y R >98% nw 8183 165-250 28d LC50 mortality 95.2 Landrum et al, 2003
Chironomus riparius <24h Y S >99% DSW 84 200 28d LC50 mortality 55 Bleeker et al, 2003
Chironomus riparius <24h Y S >99% Dsw 8.4 200 28d LOEC emergence 43 Bleeker et al, 2003
Pisces
Brachydanio rerio ELS Y R - - - 28d NOEC length 14 Hooftman & Evers-de Ruiter, 1992d
Brachydanio rerio ELS Y R - - - 28d NOEC weight 24 Hooftman & Evers-de Ruiter, 1992d
Brachydanio rerio ELS Y R - - - 28d NOEC mortality/hatching 2240 Hooftman & Evers-de Ruiter, 1992d
Micropterus salmoides eggs 2-4 d post spawning Y CF am 74-81  86.8-116.3 7dincl. 4 post- LC50 mortality 180 Black et al, 1983

hatch
Micropterus salmoides eggs 2-4 d post spawning Y CF am  74-81  86.8-116.3 7dincl. 4 post- LC10 mortality 10 Black et al, 1983

hatch
Micropterus salmoides eggs 2-4 d post spawning Y CF w  7.41-81 86.8-116.3 7 dincl. 4 post- LC50 mortality 250 Milleman et al, 1984

hatch
Oncorhynchus mykiss eggs 20 min post fertilization Y CF w7481 86.8-116.3 27 dincl. 4 post- LC50 mortality 40 Black et al, 1983

hatch
Oncorhynchus mykiss eggs 20 min post fertilization Y CF w7481 86.8-116.3 27 dincl. 4 post- LC10 mortality 28 Black et al, 1983

hatch
Oncorhynchus mykiss eggs 20 min post fertilization Y CF w  7.41-81 86.8-116.3 27 dincl. 4 post- LC50 mortality 30 Milleman et al, 1984

hatch
Oncorhynchus mykiss ELS N S 98% tw 8.25 0.25 22d NOEC mortality/hatching/abnormalities <500 Hawkins et al, 2002
Oncorhynchus mykiss fry, 4d N CF >98% twinw 82 120 60d LC50 mortality 100-200 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, 4d N CF >98% twinw 8.2 120 60d EC50 mortality 67 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, 4d N CF >98% twinw 82 120 60d EC10 mortality 46 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, 4d N CF >98% twinw 82 120 60d NOEC length <44 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, newly hatched to 7 d N CF >98% twinw 8.2 120 60d NOEC length 38 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, newly hatched to 7 d N CF >98% tw/inw 82 120 60d EC50 length 71 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, newly hatched to 7 d N CF >98% tw/inw 82 120 60d EC10 length 37 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, 4d N CF >98% twinw 82 120 60d NOEC weight 44 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, <7d N CF >98% twinw 82 120 60d NOEC weight 38 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, <7d N CF >98% twinw 8.2 120 60d EC50 weight 63 Passino-Reader et al, 1995
Oncorhynchus mykiss fry, <7d N CF >98% twinw 82 120 60d EC10 weight 33 Passino-Reader et al, 1995
Acute toxicity of phenanthrene (CASnr: 85-01-8) to marine organisms.
Species Species properties Analyzed  Test Substance Test pH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water

Annelida
Neanthes arenaceodentata emergent juvenile N S 98% am - 30 96 h LC50 mortality 51 Emery & Dillon, 1996
Neanthes arenaceodentata Y S 298% am - 32 96h LC50 mortality 600 Rossi & Neff, 1978
Crustacea
Artemia salina nauplii N Sc 297% - - 30 24h LC50 mortality 680 Abernethy et al, 1986
Artemia salina nauplii Y S 298% am 8587 32 24h EC50 immobility 520 Foster & Tullis, 1984
Mollusca
Mytilus edulis N R 298% nw - 33 48h EC50 feeding filtration 148 Donkin et al, 1989, 1991
Pisces
Cyprinodon variegatus fry, 6-8d N R am - 18 96 h LC50 mortality 478 Moreau et al, 1999
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Chronic toxicity of phenanthrene (CASnr: 85-01-8) t

0 marine organisms.

Species Species properties Analyzed  Test Substance Test pH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water
Crustacea
Rhithropanopeus harrissi zo0eae N R am - 5 zoeal development NOEC mortality 100 Laughlin & Neff, 1979
until molting to
emgalops
Rhithropanopeus harrissi z0eae N R am - 15,25 zoeal development NOEC mortality 150 Laughlin & Neff, 1979
until molting to
emgalops
Annelida
Neanthes arenaceodentata immature adult N S 98% am - 30 14d LC50 mortality 501 Emery & Dillon, 1996
Neanthes arenaceodentata emergent juvenile N S 98% am - 30 8w NOEC growth, fecundity and number of emergent <20 Emery & Dillon, 1996
Juveniles, time to egg deposition
Acute toxicity of fluoranthene (CASnr: 206-44-0) to freshwater organisms.
Species Species properties Analyzed  Test Substance Test pH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Algae
Scenedesmus subspicatus Y S am 83 - 7d EC50 growth (rate) 192 Sepic et al, 2003
Scenedesmus subspicatus Y S am 8.3 - 7d EC50 biomass 229 Sepic et al, 2003
Annelida
Lumbriculus variegatus adult Y CF 98% tw  7.10-842  46.5-61.7 96 h LC50 mortality >178 Spehar et al, 1999
Lumbriculus variegatus adult Y CF 98% tw  7.10-842  46.5-61.7 96 h LC50 mortality 1.2 Spehar et al, 1999
Stylaria lacustris N S - nw 6.57.3 4-18 48h NOEC mortality >220 Suedel & Rodgers, 1996
Stylaria lacustris N S nw 6.57.3 4-18 48h LC50 mortality >220 Suedel & Rodgers, 1996
Macrophyta
Lemna minor 2 frond Y - 98% w 710842  839-85.8 96 h EC50 growth >166 Spehar et al, 1999
Lemna minor 2 frond Y - 98% w 710842  839-85.8 96 h EC50 growth >159 Spehar et al, 1999
Coelenterata
Hydra americana nonbudding Y CF 98% tw  7.10-842  46.5-61.7 96h LC50 mortality 70 Spehar et al, 1999
Hydra americana nonbudding Y CF 98% tw 7.10-842  46.5-61.7 96 h LC50 mortality 22 Spehar et al, 1999
Crustacea
Ceriodaphnia dubia <12h Y R >99% w o 8.18+0.04 57.074.14 48 h LC50 mortality 45 Oris et al, 1991
Daphnia magna <24h Y S - am 7.820.2 250+30 48h EC50 immobility >112 Bisson et al, 2000
Daphnia magna mature N S analytical tw - - 2h LC50 mortality 4 Kagan et al, 1985, 1987
Daphnia magna 24h Y S - am 7.8 - 24h EC50 immobility 190 Sepic et al, 2003
Daphnia magna N S nw 6.57.3 4-18 48h NOEC mortality 85 Suedel & Rodgers, 1996
Daphnia magna N S nw 6.57.3 4-18 48h LC50 mortality 106.7 Suedel & Rodgers, 1996
Daphnia magna <24h N S am 7.8 250 48h EC30 immobility 180 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 48+2h EC50 immobility 20.2 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 24h EC50 immobility 63.3 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 48h EC50 immobility 34.4 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 48+2 EC90 immobility 18 Verrhiest et al, 2001
Daphnia magna <24h Y S am 24h EC50 immobility 30.7 Verrhiest et al, 2001
Daphnia magna <24h Y S - am 48h EC50 immobility 13.1 Verrhiest et al, 2001
Daphnia magna <24h Y R 98% w  7.10-842 169-219 48h LC50 mortality 117 Spehar et al, 1999
Daphnia magna <24h Y R 98% w  7.10-8.42 169-219 48h LC50 mortality 1.6 Spehar et al, 1999
Daphnia magna <24h N Sc - w 7.4-9.4 173 48h LC50 mortality 320000
Daphnia magna <24h N Sc w 7.4-9.4 173 48h NOEC mortality <8800
Daphnia magna neonates <24 h N S am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S - am 8 250 24+2¢1h EC50 immobility 5.01 Wernersson, 2003
Daphnia magna 4d N S 97% nw 8 250 24h EC50 immobility 196 Wernersson & Dave, 1997
Daphnia magna 4d N S 97% nw 8 250 24+2+2h EC50 immobility 35 Wernersson & Dave, 1997
Daphnia magna 8-9 d female Y S 98% am - hard 1 instar, 3-4 d LC50 mortality 75.22 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d LC10 mortality 737 Barata & Baird, 2000
Daphnia magna eggs Y S 98% am hard 1 instar, 3-4 d LC50 mortality 58.64 Barata & Baird, 2000
Daphnia magna eggs Y S 98% am hard 1 instar, 3-4 d Lc1o mortality 35.74 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d EC50 feeding 37.83 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d EC10 feeding 19.51 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d NOEC feeding 10 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d EC50 number of offspring 51.53 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d EC10 number of offspring 31.37 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d NOEC number of offspring 30 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1instar, 3-4 d EC50 brood mass 43.85 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1instar, 3-4 d EC10 brood mass 17.8 Barata & Baird, 2000
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Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d EC50 body mass 104.38 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d EC10 body mass 13.54 Barata & Baird, 2000
Daphnia magna 8-9 d female Y S 98% am hard 1 instar, 3-4 d NOEC body and brood mass 20 Barata & Baird, 2000
Gammarus pseudolimnaeus adult Y CF 98% tw  7.10-842  46.5-61.7 96 h LC50 mortality 108 Spehar et al, 1999
Hyalella azteca 7-14d Y R 98% tw  7.10-842  46.5-61.7 96h LC50 mortality 44 Spehar et al, 1999
Hyalella azteca N S - w 6.57.3 4-18 48h NOEC mortality <74 Suedel & Rodgers, 1996
Hyalella azteca N S w 6.57.3 4-18 48h LC50 mortality 92.2 Suedel & Rodgers, 1996
Hyalella azteca N S w 7.7-84 160-180 24h LC50 mortality >500 Werner & Nagel, 1997
Mollusca
Physella virgata adult Y CF 98% tw 7.10-842  46.5-61.7 96 h LC50 mortality >178 Spehar et al, 1999
Physella virgata adult Y CF 98% tw 7.10-842  46.5-61.7 96 h LC50 mortality 82 Spehar et al, 1999
Insecta
Aedes aegypti <8 h, 1stinstar N S analytical - - <24h LC50 mortality 12 Kagan et al, 1985, 1987
Aedes aegypti late-3%/4™ instar N S - - - 24h LC50 mortality 10 Borovsky et al, 1987
Aedes taeniorhynchus late-39/4 instar N S - - - 24h LC50 mortality 48 Borovsky et al, 1987
Chironomus tentans N S nw 6.57.3 4-18 48h NOEC mortality >250 Suedel & Rodgers, 1996
Chironomus tentans N S nw 6.57.3 4-18 48h LC50 mortality >250 Suedel & Rodgers, 1996
Culex quinquefasciatus late-3%/4 instar N S - - - - 24h LC50 mortality 45 Borovsky et al, 1987
Ophiogemphus spec. nymph Y CF 98% tw 710842 465617 96h LC50  mortality >178 Spehar et al, 1999
Ophiogemphus spec. nymph 14 CF 98% tw 710842 465617 96h LC50  mortality >110 Spehar et al, 1999
Pisces
Lepomis macrochirus Jjuvenile Y CF 98% tw  7.10-842  46.5-61.7 96h LC50 mortality >117 Spehar et al, 1999
Lepomis macrochirus Jjuvenile Y CF 98% tw  7.10-842  46.5-61.7 96h LC50 mortality 12.3 Spehar et al, 1999
Lepomis macrochirus 032129 N Sc >80% w 6.57.9 32-48 96h LC50 mortality 4000 Buccafusco et al, 1981
Oncorhynchus mykiss 30-50 d Y CF 98% tw 7.10-842  46.5-61.7 96 h LC50 mortality >91 Spehar et al, 1999
Oncorhynchus mykiss 30-50 d Y CF 98% tw  7.10-842  46.5-61.7 96 h LC50 mortality 7.7 Spehar et al, 1999
Pimephales promelas larvae (0-48 h) Y CF - tw 712406  284.9+10.4 96 h LC50 mortality 9.46 Diamond et al, 1995
Pimephales promelas larvae (0-48 h) Y CF - tw 712406  284.9+10.4 96 h LC50 mortality 6.83 Diamond et al, 1995
Pimephales promelas 5cm, 0.8g N S analytical - - - ~24h LC50 mortality 200 Kagan et al, 1985
Pimephales promelas 5d Y CF 98% tw  7.10-842  46.5-61.7 96 h LC50 mortality >212 Spehar et al, 1999
Pimephales promelas 30-50 d Y CF 98% tw 7.10-842  46.5-61.7 96 h LC50 mortality 12.2 Spehar et al, 1999
Chronic toxicity of fluoranthene (CASnr: 206-44-0) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata Y S am 215 72h EC10 growth 8.6 Bisson et al, 2000
Annelida
Stylaria lacustris N S w 6.4-7.2 72-80 10d LC50 mortality >137 Suedel & Rodgers, 1996
Stylaria lacustris N S w 6.4-7.2 72-80 10d NOEC mortality 115 Suedel & Rodgers, 1996
Cyanophyta
Anabaenaflos-aqua Y S analytical am - 2w NOEC growth <38 Bastian & Toetz, 1982
Anabaenaflos-aqua Y S analytical am - 2w EC10 growth 220 Bastian & Toetz, 1982
Macrophyta
Brassica napus seeds N R am - 6d EC50 root growth 10000 Ren et al, 1996
Brassica napus seeds N R am - 6d EC10 root growth 590 Ren et al, 1996
Brassica napus seeds N R am - 6d EC50 root growth 4900 Ren et al, 1996
Brassica napus seeds N R am - 6d EC10 root growth 470 Ren et al, 1996
Lemna gibba Y R am - 8d EC50 growth 20000 Ren et al, 1994
Lemna gibba Y R am - 8d EC10 growth 130 Ren et al, 1994
Lemna gibba Y R am - 8d EC50 growth 860 Ren et al, 1994
Lemna gibba Y R am - 8d EC10 growth 110 Ren et al, 1994
Lemna gibba Y R am - 8d EC10 growth 780 Ren et al, 1994
Lemna gibba Y R am - 8d EC27-47  growth 2000 Ren et al, 1994
Lemna gibba Y R am - 8d EC0-39 chlorophyll content 2000 Ren et al, 1994
Lemna gibba Y R am - 8d EC20-55  growth 2000 Ren et al, 1994
Lemna gibba Y R am - 8d EC14-100  chlorophyll content 2000 Ren et al, 1994
Lemna gibba Y R am - 8d ECO-7 growth 2000 Ren et al, 1994
Lemna gibba Y R am - 8d EC11-15  chlorophyll content 2000 Ren et al, 1994
Lemna gibba Y S am - 8d EC90 growth 2000 Huang et al, 1995
Lemna gibba Y R am - 8d EC50 growth 7500 Huang et al, 1995
Lemna gibba Y R am - 8d EC10 growth 210 Huang et al, 1995
Lemna gibba Y R am - 8d EC50 growth 2100 Huang et al, 1995
Lemna gibba Y R am - 8d EC10 growth 120 Huang et al, 1995
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Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Lemna gibba Y R - am - - 8d EC50 growth 1000 Huang et al, 1995
Lemna gibba Y R am - 8d EC10 growth 94 Huang et al, 1995
Lemna gibba N S am - 8d EC57 growth 2000 Huang et al, 1997ab
Lemna gibba N S am - 8d EC88 growth 2000 Huang et al, 1997ab
Crustacea
Ceriodaphnia dubia <24h Y R - mw  81+04 240+40 7d EC10 reproduction 1.17 Bisson et al, 2000
Ceriodaphnia dubia <12h Y R >99% w 818+0.04 57.07+4.14 7d NOEC reproduction 57 Oris et al, 1991
Ceriodaphnia dubia <12h Y R >99% w 8.18+0.04 57.07+4.14 7d EC50 reproduction 384 Oris et al, 1991
Ceriodaphnia dubia <12h Y R >99% w 818+0.04 57.07+4.14 7d NOEC reproduction 32 Oris et al, 1991
Ceriodaphnia dubia <12h Y R >99% w 818+0.04 57.07+4.14 7d EC50 reproduction 28.5 Oris et al, 1991
Daphnia magna Y R 98% w  7.10-8.42 169-219 21d NOEC mortality 732 Spehar et al, 1999
Daphnia magna Y R 98% w  7.10-842 169-219 21d NOEC growth 17 Spehar et al, 1999
Daphnia magna Y R 98% w  7.10-842 169-219 21d NOEC growth 14 Spehar et al, 1999
Daphnia magna <48h Y S - nw 7.0£0.5 120+20 10d EC50 immobility 102.6 Suedel et al, 1993
Daphnia magna <48h Y S nw 6.58.5 100-140 10d EC50 immobility 91.6 Suedel et al, 1993
Daphnia magna <48h Y S nw 6.58.5 100-140 10d EC50 immobility 64.1 Suedel et al, 1993
Daphnia magna <48h Y S nw 6.58.5 100-140 10d EC50 immobility 42.7 Suedel et al, 1993
Daphnia magna N S nw 81-84 100-130 10d NOEC mortality 90 Suedel & Rodgers, 1996
Daphnia magna N S nw 6.47.2 72-80 10d NOEC mortality 75 Suedel & Rodgers, 1996
Daphnia magna N S nw 81-84 100-130 10d LC50 mortality 102.6 Suedel & Rodgers, 1996
Daphnia magna N S nw 6.47.2 72-80 10d LC50 mortality 110.5 Suedel & Rodgers, 1996
Diporeia sp. Y S nw 82 165 10d LC50 mortality >388 Kane Driscoll et al, 1997b
Diporeia sp. Y S nw 82 165 10d LC50 mortality >273 Kane Driscoll et al, 1997b
Diporeia sp. Y S w 82 165 10d NOEC mortality 66 Kane Driscoll et al, 1997b
Diporeia sp. Y S nw 82 165 10d NOEC mortality <63 Kane Driscoll et al, 1997b
Hyalella azteca N S w 8.1-84 100-130 10d NOEC mortality 18 Suedel & Rodgers, 1996
Hyalella azteca N S nw 6.4-7.2 72-80 10d NOEC mortality <24 Suedel & Rodgers, 1996
Hyalella azteca N S nw 81-84 100-130 10d LC50 mortality 30.3 Suedel & Rodgers, 1996
Hyalella azteca N S nw 6.4-7.2 72-80 10d LC50 mortality 60.6 Suedel & Rodgers, 1996
Hyalella azteca 23w Y S w 82 165 10d NOEC mortality 14 Kane Driscoll et al, 1997b
Hyalella azteca 23w Y S w 82 165 10d NOEC mortality 44 Kane Driscoll et al, 1997b
Hyalella azteca 23w Y S nw 82 165 10d LC10 mortality 55 Kane Driscoll et al, 1997b
Hyalella azteca 23w Y S nw 82 165 10d LC10 mortality 65 Kane Driscoll et al, 1997b
Hyalella azteca 23w Y S nw 82 165 10d LC50 mortality 114 Kane Driscoll et al, 1997b
Hyalella azteca 23w Y S nw 82 165 10d LC50 mortality 97.3 Kane Driscoll et al, 1997b
Hyalella azteca 0.355-0.5 mm Y R nw  82+0.18 259+23 10d LC10 mortality 56 Wilcoxen et al, 2003
Hyalella azteca 0.355-0.5 mm Y R nw  82+0.18 259+23 10d LC10 mortality 8.0 Wilcoxen et al, 2003
Hyalella azteca 0.355-0.5 mm Y R mw  82+0.18 259+23 10d LC10 mortality 1.1 Wilcoxen et al, 2003
Hyalella azteca 0.355-0.5 mm Y R nw  82+0.18 259+23 10d LC50 mortality 83.1 Wilcoxen et al, 2003
Hyalella azteca 0.355-0.5 mm Y R mw  82+0.18 259+23 10d LC50 mortality 13.8 Wilcoxen et al, 2003
Hyalella azteca 0.355-0.5 mm Y R - nw  82+0.18 259+23 10d LC50 mortality 222 Wilcoxen et al, 2003
Hyalella azteca 7-14d Y R 98% nw  7.79-8.88 140-170 10d LC50 mortality 7.3 Hatch & Burton, 1999
Hyalella azteca 7-14d Y R 98% nw  7.79-8.88 140-170 10d LC50 mortality 7 Hatch & Burton, 1999
Hyalella azteca 0.6-1.0mm (2-3w) Y S - nw 7.0£0.5 120+20 10d EC50 immobility 44.9 Suedel et al, 1993
Hyalella azteca 0.6-1.0mm (2-3w) Y S nw 6.58.5 100-140 10d EC50 immobility 4.7 Suedel et al, 1993
Hyalella azteca 0.6-1.0mm (2-3w) Y S nw 6.58.5 100-140 10d EC50 immobility 54 Suedel et al, 1993
Hyalella azteca 0.6-1.0mm (2-3w) Y S nw 6.58.5 100-140 10d EC50 immobility 324 Suedel et al, 1993
Insecta
Chironomus tentans 8-10d Y R 98% nw  7.79-8.88 140-170 10d LC50 mortality 12.6 Hatch & Burton, 1999
Chironomus tentans 10-12d Y S - nw 7.0£0.5 120+20 10d EC50 growth 31.9 Suedel et al, 1993
Chironomus tentans 10-12d Y S nw 6.5-8.5 100-140 10d EC50 growth 61 Suedel et al, 1993
Chironomus tentans 10-12d Y S nw 6.5-8.5 100-140 10d EC50 growth 50.6 Suedel et al, 1993
Chironomus tentans 10-12d Y S nw 6.5-8.5 100-140 10d EC50 growth 30.4 Suedel et al, 1993
Chironomus tentans N S nw 8.1-84 100-130 10d NOEC mortality 30 Suedel & Rodgers, 1996
Chironomus tentans N S nw 6.47.2 72-80 10d NOEC mortality 20 Suedel & Rodgers, 1996
Chironomus tentans N S nw 8.1-84 100-130 10d LC50 mortality 37.8 Suedel & Rodgers, 1996
Chironomus tentans N S - nw 6.4-7.2 72-80 10d LC50 mortality 23.6 Suedel & Rodgers, 1996
Chironomus riparius larvae, 24 h post-hatch Y S 98% w 82 82 11d LC50 mortality 64.1 Stewart & Thompson, 1995
Chironomus riparius larvae, 24 h post-hatch Y S 98% w 82 82 11d LC50 mortality 705 Stewart & Thompson, 1995
Chironomus riparius larvae, 24 h post-hatch Y S 98% w 82 82 11d LC50 mortality 61.5 Stewart & Thompson, 1995
Chironomus riparius larvae, 24 h post-hatch Y S 98% w 82 82 11d LC50 mortality 86.1 Stewart & Thompson, 1995
Chironomus riparius larvae, 24 h post-hatch Y S 98% w 82 82 28d NOEC total emergence, emergence time/ onset 4390 Stewart & Thompson, 1995
Pisces
Brachydanio rerio ELS Y IF 96% w 7.37.8 210 41d NOEC mortality 47 Hooftman & Evers-de Ruiter, 1992a
Brachydanio rerio ELS Y IF 96% w 7.37.8 210 41d NOEC length 4.4 Hooftman & Evers-de Ruiter, 1992a
Brachydanio rerio ELS Y IF 96% w 7.37.8 210 41d EC10 length 18 Hooftman & Evers-de Ruiter, 1992a
Brachydanio rerio ELS Y IF 96% w 7.37.8 210 41d NOEC weight 16 Hooftman & Evers-de Ruiter, 1992a
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Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Brachydanio rerio ELS Y IF 96% w 7.37.8 210 41d EC10 weight 21 Hooftman & Evers-de Ruiter, 1992a
Brachydanio rerio ELS Y IF 96% w 7.37.8 210 41d LC100 mortality 130 Hooftman & Evers-de Ruiter, 1992a
Brachydanio rerio ELS Y IF w 7.8-8.2 28d LC100 mortality 240 Hooftman & Evers-de Ruiter, 1992b
Pimephales promelas Y CF tw 712406  284.9+10.4 14w NOEC number of eggs <7.9 Diamond et al, 1995
Pimephales promelas Y CF - tw 712406  284.9+10.4 11w NOEC survival of hatchlings <6.2 Diamond et al, 1995
Pimephales promelas ELS Y CF 98% tw 7.10-842  46.5-61.7 32d NOEC growth 10.4 Spehar et al, 1999
Pimephales promelas ELS Y CF 98% tw 7.10-842  46.5-61.7 32d NOEC growth 14 Spehar et al, 1999
Acute toxicity of fluoranthene (CASnr: 206-44-0) to marine organisms.
Species Species properties Analyzed Test Substance Test PH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Annelida
Monopylephorus rubroniveus Y R 98 mw  81+0.1 29.0+1.9 72h LC50 mortality >120.4 Weinstein et al, 2003
Monopylephorus rubroniveus Y R 98 nw 8101 29.0+1.9 72h LC50 mortality 0.7 Weinstein et al, 2003
Neanthes arenaceodentata Y S 298% am - 32 96h LC50 mortality 500 Rossi & Neff, 1978
Neanthes arenaceodentata adult Y R 98% nw - 30-32 96 h LC50 mortality >127 Spehar et al, 1999
Crustacea
Ampelisca abdita Jjuvenile Y R 98% nw - 30-32 96h LC50 mortality 67 Spehar et al, 1999
Ampelisca abdita N S - w7784 25 24h LC50 mortality >100 Werner & Nagel, 1997
Artemia salina <1d N S anal. - - - 3h LC50 mortality 40 Kagan et al, 1985, 1987
Homarus americanus larvae Y R 98% nw - 30-32 96h LC50 mortality 317 Spehar et al, 1999
Homarus americanus larvae N R 98% nw - 30-32 96h LC50 mortality 13 Spehar et al, 1999
Homarus americanus larvae N R 98% nw - 30-32 96h LC50 mortality 22 Spehar et al, 1999
Mysidopsis bahia 24-48h Y S - nw - 30 48h LC50 mortality 63.8 Pelletier et al, 1997
Mysidopsis bahia 24-48h Y S - nw - 30 48h LC50 mortality 532 Pelletier et al, 1997
Mysidopsis bahia <24h Y CF 98% nw - 30-32 96 h LC50 mortality 31 Spehar et al, 1999
Mysidopsis bahia <24h N CF 98% nw - 30-32 96 h LC50 mortality 14 Spehar et al, 1999
Mysidopsis bahia <24h N CF 98% nw - 30-32 96 h LC50 mortality 1.7 Spehar et al, 1999
Mysidopsis bahia <24h N CF 98% w - 30-32 96 h LC50 mortality 58 Spehar et al, 1999
Mysidopsis bahia <24h N CF 98% nw - 30-32 96 h LC50 mortality 12 Spehar et al, 1999
Mysidopsis bahia <24h N CF 98% w - 30-32 96 h LC50 mortality 12 Spehar et al, 1999
Mysidopsis bahia <24h N CF 98% nw - 30-32 96 h LC50 mortality 28 Spehar et al, 1999
Mysidopsis bahia <24h N CF 98% nw - 30-32 96 h LC50 mortality 1.7 Spehar et al, 1999
Palaemonetes spec. 3d Y R 98% nw - 30-32 96 h LC50 mortality 142 Spehar et al, 1999
Palaemonetes spec. 3d N R 98% nw - 30-32 96h LC50 mortality 22 Spehar et al, 1999
Palaemonetes spec. 3d N R 98% nw - 30-32 96 h LC50 mortality 6.6 Spehar et al, 1999
Ampelisca abdita N S - w7784 31 24h LC50 mortality >100 Werner & Nagel, 1997
Rhepoxynius abronius Y R nw - 28 96h LC50 mortality >70 Boese et al, 1997
Rhepoxynius abronius Y R nw - 28 96+1h LC50 mortality 14 Boese et al, 1997
Rhepoxynius abronius Y R nw - 28 96+1h EC50 reburial 63 Boese et al, 1997
Rhepoxynius abronius Y R nw - 28 96+1+1h EC50 reburial <5 Boese et al, 1997
Eohaustorius estuarius Y R nw - 28 96h LC50 mortality >70 Boese et al, 1997
Eohaustorius estuarius Y R nw - 28 96+1h LC50 mortality 66 Boese et al, 1997
Eohaustorius estuarius Y R nw - 28 96+1h EC50 reburial >70 Boese et al, 1997
Eohaustorius estuarius Y R nw - 28 96+1+1h EC50 reburial 7 Boese et al, 1997
Leptocheirus plumulosus Y R nw - 20 96h LC50 mortality >98 Boese et al, 1997
Leptocheirus plumulosus Y R nw - 28 96+1h LC50 mortality 69 Boese et al, 1997
Leptocheirus plumulosus Y R nw - 28 96+1h EC50 reburial 51 Boese et al, 1997
Leptocheirus plumulosus Y R nw - 28 96+1+1h EC50 reburial 20 Boese et al, 1997
Grandidierella japonica Y R nw - 28 96 h LC50 mortality 36 Boese et al, 1997
Grandidierella japonica Y R nw - 28 96+1h LC50 mortality 26 Boese et al, 1997
Grandidierella japonica Y R nw - 28 96+1h EC50 reburial 27 Boese et al, 1997
Grandidierella japonica Y R nw - 28 96+1+1h EC50 reburial 19 Boese et al, 1997
Corophium insidiosum Y R nw - 28 96 h LC50 mortality 85 Boese et al, 1997
Corophium insidiosum Y R nw - 28 96+1h LC50 mortality 32 Boese et al, 1997
Corophium insidiosum Y R nw - 28 96+1h EC50 reburial 54 Boese et al, 1997
Corophium insidiosum Y R nw - 28 96+1+1h EC50 reburial 20 Boese et al, 1997
Excirolana vancouverensis Y R nw - 28 96h LC50 mortality >70 Boese et al, 1997
Excirolana vancouverensis Y R nw - 28 96+1h LC50 mortality >70 Boese et al, 1997
Excirolana vancouverensis Y R nw - 28 96+1h EC50 reburial >70 Boese et al, 1997
Excirolana vancouverensis Y R w - 28 96+1+1h EC50 reburial >70 Boese et al, 1997
Emerita analoga Y R nw - 28 96 h LC50 mortality 74 Boese et al, 1997
Emerita analoga Y R nw - 28 96+1h LC50 mortality 74 Boese et al, 1997
Emerita analoga Y R nw - 28 96+1h EC50 reburial 74 Boese et al, 1997
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Species Species properties Analyzed Test Substance Test PH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Emerita analoga Y R - nw - 28 96+1+1h EC50 reburial 73 Boese et al, 1997
Mollusca
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h EC50 reburial 153 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96h NOEC reburial 50 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h EC50 reburial 46 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h NOEC reburial 10 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h EC50 reburial 49 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h NOEC reburial 14 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h EC50 reburial 48 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h EC50 reburial 207 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h EC50 reburial 12 Ahrens et al, 2002
Macomona liliana 0.5-2 mm juvenile Y S nw 34 96 h EC50 reburial 51 Ahrens et al, 2002
Mulinea lateralis embryo/larval Y S nw - 30 48h L(E)C50  survival/development 58.8 Pelletier et al, 1997
Mulinea lateralis embryo/larval Y S nw - 30 48h L(E)C50  survival/development 1.09 Pelletier et al, 1997
Mulinea lateralis Jjuvenile 1-1.5 mm Y S nw - 30 96 h LC50 mortality 3310 Pelletier et al, 1997
Mulinea lateralis Jjuvenile 1-1.5 mm Y S nw - 30 96 h LC50 mortality 1.8 Pelletier et al, 1997
Mulinea lateralis Jjuvenile 1-1.5 mm Y S nw - 30 96 h EC50 growth 900 Pelletier et al, 1997
Mulinea lateralis Jjuvenile 1-1.5 mm Y S - nw - 30 96 h EC50 growth >0.81 Pelletier et al, 1997
Mulinea lateralis embryo/larval Y S 98% nw - 30-32 96h LC50 mortality >127 Spehar et al, 1999
Mulinea lateralis embryo/larval N S 98% nw - 30-32 96h LC50 mortality 28 Spehar et al, 1999
Mytilus edulis N R 298% nw - 33 48h EC50 feeding filtration 80
Echinodermata
Arbacia punctulata embryo/larval Y S 98% nw - 30-32 96h LC50 mortality >127 Spehar et al, 1999
Arbacia punctulata embryo/larval N S 98% w - 30-32 96 h LC50 mortality 39 Spehar et al, 1999
Arbacia punctulata embryo/larval N S 98% nw - 30-32 96h LC50 mortality 39 Spehar et al, 1999
Pisces
Cyprinodon variegatus 8-15mm, 14-28 d N S >80% w - 10-31 96 h LC50 mortality >560000 Heitmuller et al, 1981
Cyprinodon variegatus 42d Y R 98% nw - 30-32 96h LC50 mortality >127 Spehar et al, 1999
Cyprinodon variegatus 42d N R 98% nw - 30-32 96 h LC50 mortality 159 Spehar et al, 1999
Cyprinodon variegatus 42d N R 98% nw - 30-32 96 h LC50 mortality 172 Spehar et al, 1999
Menidia beryllina 21d Y R 98% nw - 30-32 96h LC50 mortality 616 Spehar et al, 1999
Menidia beryllina 21d N R 98% nw - 30-32 96h LC50 mortality 30 Spehar et al, 1999
Menidia beryllina 21d N R 98% nw - 30-32 96h LC50 mortality 13 Spehar et al, 1999
Menidia beryllina 21d N R 98% nw - 30-32 96h LC50 mortality 620 Spehar et al, 1999
Menidia beryllina 21d N R 98% nw - 30-32 96h LC50 mortality 103 Spehar et al, 1999
Menidia beryllina 21d N R 98% nw - 30-32 96h LC50 mortality 49 Spehar et al, 1999
Menidia beryllina 21d N R 98% nw - 30-32 96h LC50 mortality 30 Spehar et al, 1999
Menidia beryllina 21d N R 98% nw - 30-32 96 h LC50 mortality 13 Spehar et al, 1999
Pleuronectus americanus 28d Y S 98% nw - 30-32 96 h LC50 mortality >188 Spehar et al, 1999
Pleuronectus americanus 28d N S 98% nw - 30-32 96h LC50 mortality 0.1 Spehar et al, 1999
Chronic toxicity of fluoranthene (CASnr: 206-44-0) to marine organisms.
Species Species properties Analyzed Test Substance Test PH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Crustacea
Corophium spinicorne 0.5-1mm Y S nw - 28 10d LC50 mortality 239 Swartz et al, 1990
Mysidopsis bahia Y CF 98% w - 30-32 31d NOEC reproduction 11.1 Spehar et al, 1999
Mysidopsis bahia N CF 98% nw - 30-32 31d NOEC reproduction 0.6 Spehar et al, 1999
Rhepoxynius abronius Y S - nw - 28 10d EC4 mortality 77 Boese et al, 1999
Rhepoxynius abronius Y S nw - 28 10d EC3 mortality 77 Boese et al, 1999
Rhepoxynius abronius Y S nw - 28 10d EC4 reburial 77 Boese et al, 1999
Rhepoxynius abronius Y S nw - 28 10d EC100 reburial 77 Boese et al, 1999
Rhepoxynius abronius 0.5-1 mm Y S nw - 28 10d LC50 mortality 11.1 Swartz et al, 1990
Acute toxicity of chrysene (CASnr: 218-01-9) to fre  shwater organisms.
Species Species properties Analyzed  Test Substance Test pH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Crustacea
Daphnia magna <24h Y S - am  7.8%0.2 250+30 48h EC50 immobility >1.3 Bisson et al, 2000
Daphnia magna mature N S analytical tw - - 2h LC50 mortality 1900 Kagan et al, 1987
Daphnia magna neonates <24hN S - am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24hN S am 8 250 24+2¢1h EC50 immobility >1024 Wernersson, 2003
Insecta
Aedes aegypti <8 h, 1stinstar N S analytical - - - <24h LC50 mortality 1700 Kagan et al, 1987
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Chronic toxicity of chrysene (CAShr: 218-01-9) to f

reshwater organisms.

Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOyL)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth >1 Bisson et al, 2000
Cyanophyta
Anabaenaflos-aqua Y S analytical am - - 2w NOEC growth 640 Bastian & Toetz, 1982
Anabaenaflos-aqua Y S analytical am - - 2w EC10 growth 440 Bastian & Toetz, 1982
Macrophyta
Lemna gibba N S am - - 8d ECS growth 2000 Huang et al, 1997ab
Lemna gibba N S am - - 8d EC74 growth 2000 Huang et al, 1997ab
Crustacea
Ceriodaphnia dubia <24h Y R - nw  81+0.4 240+40 7d EC10 reproduction >0.09 Bisson et al, 2000
Daphnia magna <24h Y IF 99-100% w7381 212 21d NOEC mortality 214 Hooftman, 1991
Daphnia magna <24h Y IF 99-100% w 7.3-8.1 212 21d NOEC reproduction 214 Hooftman, 1991
Pisces
Brachydanio rerio ELS Y IF w7882 28d NOEC mortality, hatchability, length, weight >0.91 Hooftman & Evers-de Ruiter, 1992b
Acute toxicity of chrysene (CASnr: 218-01-9) to mar  ine organisms.
Species Species properties Analyzed Test Substance Test PH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Annelida
Neanthes arenaceodentata Y S 298% am - 32 96h LC50 mortality >1000 Rossi & Neff, 1978
Crustacea
Artemia salina <1d N S analytical - - - 3h LC50 mortality 3000 Kagan et al, 1987
Acute toxicity of benzo[a]anthracene (CASnr: 56-55-  3) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata N S 299% am - - 96h EC50 growth >40000 Cody et al, 1984
Crustacea
Daphnia pulex 1.9-2.1mm N Sc nw 7.5 - 96 h LC50 mortality 10 Trucco et al, 1983
Daphnia magna <24h Y S am  7.8%0.2 250+30 48h EC50 immobility >9.1 Bisson et al, 2000
Daphnia magna neonates <24 h N S am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S am 8 250 24+2+1h EC50 immobility 3.37 Wernersson, 2003
Chronic toxicity of benzo[a]anthracene (CASnr: 56-5  5-3) to freshwater organisms.
Species Species properties Analyzed  Test Substance Test pH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 1.2 Bisson et al, 2000
Pseudokirchneriella subcapitata N S 299% am - - 96h EC10 growth 18 Cody et al, 1984
Cyanophyta
Anabaenaflos-aqua Y S analytical am - - 2w NOEC growth 83 Bastian & Toetz, 1982
Macrophyta
Lemna gibba N S am - - 8d EC70 growth 2000 Huang et al, 1997ab
Lemna gibba N S am - - 8d EC100 growth 2000 Huang et al, 1997ab
Crustacea
Ceriodaphnia dubia <24h Y R nw  81+0.4 240+40 7d EC10 reproduction >87 Bisson et al, 2000
Acute toxicity of benzo[b]fluoranthene (CASnr: 205- 99-2) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Crustacea
Daphnia magna <24h Y S - am  7.8+0.2 250+30 48h EC50 immobility >1.1 Bisson et al, 2000
Daphnia magna 4d N S 97% w 8 250 24h EC50 immobility >1024 Wernersson & Dave, 1997
Daphnia magna 4d N S 97% nw 8 250 24+2+2h EC50 immobility 4.2 Wernersson & Dave, 1997
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Chronic toxicity of benzo[b]fluoranthene (CASnr: 20

5-99-2) to freshwater organisms.

Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth >1 Bisson et al, 2000
Crustacea
Ceriodaphnia dubia <24h Y R w8104 240+40 7d EC10 reproduction >1.083 Bisson et al, 2000
Acute toxicity of benzo[ ghi]perylene (CASnr: 191-24-2) to freshwater organisms
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Crustacea
Daphnia magna <24h Y S am  7.8%0.2 250+30 48h EC50 immobility >0.2 Bisson et al, 2000
Pisces
Pimephales promelas larvae Y R high tw - - 96 h LC20 mortality >0.15 Oris & Giesy, 1987
Chronic toxicity of benzo[ghi]perylene (CASnr: 191- 21-2) to freshwater organisms.
Species Species properties Analyzed  Test Substance Test pH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth >0.16 Bisson et al, 2000
Crustacea
Ceriodaphnia dubia <24h Y R w8104 240+40 7d EC10 reproduction 0.082 Bisson et al, 2000
Pisces
Brachydanio rerio ELS Y IF w7882 28d NOEC mortality, hatchability, length,weight >0.16 Hooftman & Evers-de Ruiter, 1992b
Macrophyta
Lemna gibba N S am - - 8d EC13 growth 2000 Huang et al, 1997ab
Lemna gibba N S am - - 8d EC27 growth 2000 Huang et al, 1997ab
Acute toxicity of benzol[k]fluoranthene (CASnr: 207-  08-9) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Crustacea
Daphnia magna <24h Y S am  7.8+0.2 250+30 48h EC50 immobility >1.1 Bisson et al, 2000
Daphnia magna <24h N S am 7.8 250 48h EC30 immobility >1 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 48+2h EC50 immobility >1 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 48h EC50 immobility >1 Verrhiest et al, 2001
Daphnia magna <24h N S am 7.8 250 48+2h EC90 immobility >1 Verrhiest et al, 2001
Chronic toxicity of benzo[k]fluoranthene (CAShr: 20 7-08-9) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth >1 Bisson et al, 2000
Crustacea
Ceriodaphnia dubia <24h Y R nw  81x0.4 240+40 7d EC10 reproduction >1.08 Bisson et al, 2000
Pisces
Brachydanio rerio ELS Y IF w7882 28d NOEC length, weight <0.58 Hooftman & Evers-de Ruiter, 1992b
Brachydanio rerio ELS Y IF w 7.8-8.2 28d LC52 length, weight 0.58 Hooftman & Evers-de Ruiter, 1992b
Brachydanio rerio ELS Y IF 100% w7982 206 42d NOEC mortality 0.35 Hooftman & Evers-de Ruiter, 1992¢
Brachydanio rerio ELS Y IF 100% w 7.9-8.2 206 42d LC50 mortality 0.65 Hooftman & Evers-de Ruiter, 1992¢
Brachydanio rerio ELS Y IF 100% w 7.9-8.2 206 42d LC10 mortality 0.62 Hooftman & Evers-de Ruiter, 1992¢
Brachydanio rerio ELS Y IF 100% w 7.9-8.2 206 42d NOEC length <0.19 Hooftman & Evers-de Ruiter, 1992¢
Brachydanio rerio ELS Y IF 100% w 7.9-8.2 206 42d EC50 length 0.86 Hooftman & Evers-de Ruiter, 1992¢
Brachydanio rerio ELS Y IF 100% w 7.9-8.2 206 42d EC10 length 0.17 Hooftman & Evers-de Ruiter, 1992¢
Brachydanio rerio ELS Y IF 100% w 7.9-8.2 206 42d NOEC weight 0.35 Hooftman & Evers-de Ruiter, 1992¢
Brachydanio rerio ELS Y IF 100% w 7.9-8.2 206 42d EC50 weight 0.50 Hooftman & Evers-de Ruiter, 1992¢
Brachydanio rerio ELS Y IF 100% w 7.9-8.2 206 42d EC10 weight 0.31 Hooftman & Evers-de Ruiter, 1992¢
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Acute toxicity of benzo[a]pyrene (CASnr: 50-32-8) t

o freshwater organisms.

Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata N S 299% am - - 96h EC50 growth >13000 Cody et al, 1984
Pseudokirchneriella subcapitata N S 299% am - - 96 h EC50 growth 40 Cody et al, 1984
Pseudokirchneriella subcapitata N S 299% am - - 96h EC50 growth 28 Cody et al, 1984
Pseudokirchneriella subcapitata N S 299% am - - 72h EC50 growth 15 Schoeny et al, 1988
Scenedesmus acutus N S 299% am - - 72h EC50 growth 5 Schoeny et al, 1988
Scenedesmus subspicatus N S >98% am - - 7d EC50 growth, area under the curve 1.48 Djomo et al, 2004
(Euglenophyta)
Euglena gracilis N S 299% am - - 72h EC50 growth >4000 Schoeny et al, 1988
(Heterokontophyta)
Ochromonas malhamensis N S 299% am - - 72h EC50 growth >4000 Schoeny et al, 1988
Cyanophyta
Anabaenaflosaquae N S 299% am - - 72h EC50 growth >4000 Schoeny et al, 1988
Ankistrodesmus braunii N S 299% am - - 72h EC50 growth 1300 Schoeny et al, 1988
Chlamydomonas reinhardtii N S 299% am - - 72h EC50 growth >4000 Schoeny et al, 1988
Bacteria
Escherichia coli N S 98 - - - 48h EC2 growth 0.96 Jamroz et al, 2003
Escherichia coli N S 98 - - - 48h EC2 growth 0.96 Jamroz et al, 2003
Crustacea
Daphnia magna neonates <48 h N S am - - 48h LC50 mortality 250 Atienzar et al, 1999
Daphnia magna <24h Y S - am  7.8+0.2 250+30 48h EC50 immobility >27 Bisson et al, 2000
Daphnia magna 4d N S 97% nw 8 250 24h EC50 immobility 40 Wernersson & Dave, 1997
Daphnia magna 4d N S 97% w 8 250 24+2+2h EC50 immobility 8.6 Wernersson & Dave, 1997
Daphnia magna neonates <24hN S - am 8 250 24h EC50 immobility 59.7 Wernersson, 2003
Daphnia magna neonates <24hN S am 8 250 24+2¢1h EC50 immobility 1.16 Wernersson, 2003
Daphnia pulex 1.9-2.1mm N Sc nw 7.5 - 96 h LC50 mortality 5 Trucco et al, 1983
Insecta
Aedes aegypti <8h, 15t instar N S anal tw - - <24h LC50 mortality 8 Kagan & Kagan, 1986
Aedes aegypti <8h, 1st instar N S anal tw - - <24h LC50 mortality 1.2 Kagan & Kagan, 1986
Chronic toxicity of benzo[a]pyrene (CASnr: 50-32-8) to freshwater organisms.
Species Species properties Analyzed  Test Substance Test pH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Macrophyta
Brassica napus seeds N R am - - 6d EC50 root growth 9500 Ren et al, 1996
Brassica napus seeds N R am - - 6d EC50 root growth 620 Ren et al, 1996
Lemna gibba Y R am - - 8d EC10 growth 6200 Huang et al, 1993
Lemna gibba Y R am - - 8d EC50 growth 1200 Huang et al, 1993
Lemna gibba Y R am - - 8d EC10 growth 860 Huang et al, 1993
Lemna gibba Y R am - - 8d EC50 growth 730 Huang et al, 1993
Lemna gibba Y R am - - 8d EC10 growth 250 Huang et al, 1993
Lemna gibba Y R am - - 8d EC0-44 growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC0-49 chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC3-21 growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC6-42 chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC2-17 growth 2000 Huang et al, 1993
Lemna gibba Y R am - - 8d EC22-51  chlorophyll content 2000 Huang et al, 1993
Lemna gibba Y S am - - 8d EC35 growth 2000 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth >8000 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 5600 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 560 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 160 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 130 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 54 Huang et al, 1995
Lemna gibba N S am - - 8d EC21 growth 2000 Huang et al, 1997ab
Lemna gibba N S am - - 8d EC99 growth 2000 Huang et al, 1997ab
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 0.78 Bisson et al, 2000
Pseudokirchneriella subcapitata N S 299% am - - 96h EC10 growth 4400 Cody et al, 1984
Pseudokirchneriella subcapitata N S 299% am - - 96 h EC10 growth 10 Cody et al, 1984
Pseudokirchneriella subcapitata N S 299% am - - 96h EC10 growth 0.96 Cody et al, 1984
Scenedesmus subspicatus N S >98% am - - 7d EC10 growth, area under the curve 0.03 Djomo et al, 2004
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Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Scenedesmus subspicatus N S >98% am - - 72h EC10 growth rate 30 Djomo et al, 2004
Crustacea
Ceriodaphnia dubia <24h Y R nw  81+0.4 240+40 7d EC10 reproduction 0.503 Bisson et al, 2000
Daphnia magna neonates <48 h N S am - - 14d EC50 total number of young 30 Atienzar et al, 1999
Daphnia magna neonates <48hN S am - - 14d EC10 total number of young 12.5 Atienzar et al, 1999
Daphnia magna neonates <48h N S am - - 14d NOEC total number of young 12.5 Atienzar et al, 1999
Pisces
Brachydanio rerio ELS Y IF w7882 28d NOEC mortality, hatchability, length,weight 24.0 Hooftman & Evers-de Ruiter, 1992b
Oncorhynchus mykiss ELS Y R purified nw 6.85- - 36d NOEC abnormalities 1.48 Hannah et al, 1982
>99% 7.10
Oncorhynchus mykiss ELS Y R purified nw 6.85- - 36d EC10 abnormalities 29 Hannah et al, 1982
>99% 7.10
Oncorhynchus mykiss ELS Y R purified nw 6.85- - 36d NOEC length <0.08 Hannah et al, 1982
>99% 7.10
Acute toxicity of benzo[a]pyrene (CASnr: 50-32-8) t 0 marine organisms.
Species Species properties Analyzed  Test Substance Test pH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water
Annelida
Neanthes arenaceodentata Y S 298% am - 32 96h LC50 mortality >1000 Rossi & Neff, 1978
Echinodermata
Strongylocentrotus purpuratus eggs and sperm Y S 99% nw 7.88 33-34 48h NOEC deformities 0.5 Hose et al, 1983
Chronic toxicity of benzo[a]pyrene (CASnr: 50-32-8) to marine organisms.
Species Species properties Analyzed  Test Substance Test pH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water
Mollusca
Crassostrea gigas embryo/larval N S 97% nw - 32-33 48h NOEC abnormal shell 1 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 97% nw - 32-33 48h EC50 abnormal shell 31 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 97% nw - 32-33 48h EC10 abnormal shell 1.1 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 97% nw - 32-33 48h NOEC abnormal shell 0.5 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 97% nw - 32-33 48h EC50 abnormal shell 0.44 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 97% nw - 32-33 48h EC10 abnormal shell 0.22 Lyons et al, 2002
Pisces
Fundulus heteroclitus eggs N S - am - 20 7d NOEC EROD activity 0.25 Wassenberg et al, 2002
Fundulus heteroclitus eggs N S - am - 20 7d NOEC deformities <0.25 Wassenberg et al, 2002
Psettichtys melanostichus eggs Y S techical am 7.1-7.5 25 6d NOEC hatchability <0.1 Hose et al, 1982
purified
Acute toxicity of dibenzo[a,h]anthracene (CASnr: 53  -70-3) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Crustacea
Daphnia magna <24h Y S - am  7.8+0.2 250+30 48h EC50 immobility >0.35 Bisson et al, 2000
Daphnia magna 4d N S 97% w 8 250 24h EC50 immobility 496 Wernersson & Dave, 1997
Daphnia magna 4d N S 97% w 8 250 24+2+2h EC50 immobility 4.6 Wernersson & Dave, 1997
Daphnia magna neonates <24hN S - am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24hN S am 8 250 24+2¢1h EC50 immobility 1.76 Wernersson, 2003
Pisces
Pimephales promelas larvae Y R high tw - - 96 h NOEC mortality 20.15 Oris & Giesy, 1987
Chronic toxicity of dibenzo[a,h]anthracene (CASnhr: 53-70-3) to freshwater organisms.
Species Species properties Analyzed  Test Substance Test pH Hardness Exp. time Criterion  Test endpoint Value (ug/L) Reference
type purity water (mg CaCOs/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 0.14 Bisson et al, 2000
Macrophyta
Lemna gibba N S am - - 8d EC11 growth 2000 Huang et al, 1997ab
Lemna gibba N S am - - 8d EC18 growth 2000 Huang et al, 1997ab
Crustacea
Ceriodaphnia dubia <24h Y R nw  81+0.4 240+40 7d EC10 reproduction >0.032 Bisson et al, 2000
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Acute toxicity of dibenzo[a,h]anthracene (CASnhr: 53

-70-3) to marine organisms.

Species Species properties Analyzed Test Substance Test PH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Annelida
Neanthes arenaceodentata Y S 298% am - 32 96h LC50 mortality >1000 Rossi & Neff, 1978
Acute toxicity of pyrene (CASnr: 129-00-0) to fresh  water organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Algae
Chlorella vulgaris N S am 6.5 - 3h EC50 photosynthesis 330 Hutchinson et al, 1980
Chlamydomonas angulosa N S - am 6.5 - 3h EC50 photosynthesis 200 Hutchinson et al, 1980
Scenedesmus subspicatus N S >98% am - - 7d EC50 growth, area under the curve 18.72 Djomo et al, 2004
Mollusca
Utterbackia imbecilis glochidia N R 98% w 8.09 81.3 24h LC50 mortality >28.2 Weinstein & Polk, 2001
Utterbackia imbecilis glochidia N R 98% w 8.09 81.3 8h LC50 mortality 7.71 Weinstein & Polk, 2001
Utterbackia imbecilis glochidia N R 98% w 8.09 81.3 16h LC50 mortality 335 Weinstein & Polk, 2001
Utterbackia imbecilis glochidia N R 98% w 8.09 81.3 24h LC50 mortality 2.63 Weinstein & Polk, 2001
Crustacea
Daphnia magna 4-6d N Sc 297% am  6.0-7.0 - 48h LC50 mortality 91 Abernethy et al, 1986
Daphnia magna <24h Y S - am  7.8+0.2 250+30 48h EC50 immobility 246 Bisson et al, 2000
Daphnia magna 1.5mm, 4-6 d N Sc 297% am  6.0-7.0 - 48h LC50 mortality 1800 Bobra et al, 1983
Daphnia magna mature N S analytical tw - - 2h LC50 mortality 4 Kagan et al, 1985, 1987
Daphnia magna 4d N S 97% nw 8 250 24h EC50 immobility >1024 Wernersson & Dave, 1997
Daphnia magna 4d N S 97% nw 8 250 24+2+2h EC50 immobility 57 Wernersson & Dave, 1997
Daphnia magna neonates <24 h N S - am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S - am 8 250 24+2+1h EC50 immobility 1.38 Wernersson, 2003
Daphnia magna neonates <24 h N S 98.7% am  7.020.1 10 48h EC50 immobility 27 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% am  7.0+0.1 10 48h EC50 immobility 22 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% am  7.020.1 50 48h EC50 immobility 4.1 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% am  7.020.1 50 48h EC50 immobility 30 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% am  7.020.1 250 48h EC50 immobility 1.8 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% am  7.020.1 250 48h EC50 immobility 31 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% nw  7.0£0.1 97 48h EC50 immobility 20 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% mw  7.0£0.1 97 48h EC50 immobility 22 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% mw  7.0£0.1 200 48h EC50 immobility 29 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% mw  7.0£0.1 200 48h EC50 immobility 19 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% mw  7.0£0.1 29 48h EC50 immobility 6.8 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% nw  7.0£0.1 29 48h EC50 immobility 19 Nikkila et al, 1999
Daphnia magna neonates <24 h N S 98.7% mw  7.0£0.1 8.0 48h EC50 immobility 7.7 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% nw  7.0£0.1 8.0 48h EC50 immobility 33 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% nw  7.0£0.1 11 48h EC50 immobility 20 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% nw  7.0£0.1 11 48h EC50 immobility 27 Nikkila et al, 1999
Daphnia magna neonates <24 h N S 98.7% nw  7.0£0.1 6.5 48h EC50 immobility 20 Nikkilé et al, 1999
Daphnia magna neonates <24 h N S 98.7% mw  7.0£0.1 6.5 48h EC50 immobility 27 Nikkilé et al, 1999
Hyalella azteca 23w N R 98% nw 82 165 10d LC50 mortality 77.1 Lee et al, 2001
Hyalella azteca 23w N R 98% nw 82 165 14d LC50 mortality 60.1 Lee et al, 2001
Insecta
Aedes aegypti <8 h, 1stinstar N S analytical - - - <24h LC50 mortality 20 Kagan et al, 1985, 1987
Aedes aegypti <8 h, 1stinstar N S analytical tw - - <24h LC50 mortality 12 Kagan & Kagan, 1986
Aedes aegypti <8 h, 1stinstar N S analytical tw - - <24h LC50 mortality 9 Kagan & Kagan, 1986
Aedes aegypti late-3%/4t instar N S - - - - 24h LC50 mortality 35 Borovsky et al, 1987
Aedes taeniorhynchus late-3%/4™ instar N S - - - - 24h LC50 mortality 60 Borovsky et al, 1987
Chironomus riparius st instar, <24 h Y S 98% DSW - - 96 h LC50 mortality 75 Bleeker et al, 2003
Chironomus riparius st instar, <24 h Y S 98% DSW - - 96h LC50 mortality 38 Bleeker et al, 2003
Culexquinquefasciatus late 31/4" instar N S - - - - 24h LC50 mortality 37 Borovsky et al, 1987
Diporeia sp. 1-2 mm, juvenile 5-11 months Y R >98% w8183 165-250 28d LC50 mortality 79.1 Landrum et al, 2003
Pisces
Pimephales promelas 5cm, 0.8g N S analytical - - - ~24h LC50 mortality 220 Kagan et al, 1985
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Chronic toxicity of pyrene (CASnr: 129-00-0) to fre

shwater organisms.

Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 1.2 Bisson et al, 2000
Scenedesmus subspicatus N S >98% am - - 7d EC10 growth, area under the curve 241 Djomo et al, 2004
Scenedesmus subspicatus N S >98% am - - 72h EC10 growth rate 8.4 Djomo et al, 2004
Cyanophyta
Anabaenaflos-aqua Y S analytical am - - 2w NOEC growth 2120 Bastian & Toetz, 1982
Crustacea
Ceriodaphnia dubia <24h Y R w8104 240+40 7d EC10 reproduction 21 Bisson et al, 2000
Macrophyta
Lemna gibba Y R am - - 8d EC50 growth 45000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC10 growth 430 Ren et al, 1994
Lemna gibba Y R am - - 8d EC50 growth 2600 Ren et al, 1994
Lemna gibba Y R am - - 8d EC10 growth 270 Ren et al, 1994
Lemna gibba Y R am - - 8d EC10 growth 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC14-21  growth 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC0-29 chlorophyll content 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC11-39  growth 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d EC0-34 chlorophyll content 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d ECO0-5 growth 2000 Ren et al, 1994
Lemna gibba Y R am - - 8d ECO0-15 chlorophyll content 2000 Ren et al, 1994
Lemna gibba Y S am - - 8d EC78 growth 2000 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth >8000 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 440 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 2800 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 690 Huang et al, 1995
Lemna gibba Y R am - - 8d EC50 growth 1000 Huang et al, 1995
Lemna gibba Y R am - - 8d EC10 growth 230 Huang et al, 1995
Lemna gibba N S am - - 8d EC24 growth 2000 Huang et al, 1997ab
Lemna gibba N S am - - 8d EC46 growth 2000 Huang et al, 1997ab
Acute toxicity of pyrene (CASnr: 129-00-0) to marin e organisms.
Species Species properties Analyzed  Test Substance Test pH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Annelida
Platynereis dumerali N S nw - - 10h EC50 immobility 22 Peachey & Crosby, 1996
Platynereis dumerali N S nw - - 10h EC10 immobility 16 Peachey & Crosby, 1996
Crustacea
Artemia salina nauplii N Sc 297% - - 30 24h LC50 mortality >99 Abernethy et al, 1986
Artemia salina <1d N S analytical - - - 3h LC50 mortality 8 Kagan et al, 1985, 1987
Artemia salina nauplii N S - nw - - 10h EC50 immobility 36 Peachey & Crosby, 1996
Artemia salina nauplii N S nw - - 10h EC10 immobility 20 Peachey & Crosby, 1996
Artemia salina nauplii N S nw - - 10h EC50 immobility 34 Peachey & Crosby, 1996
Artemia salina nauplii N S w - - 10h EC10 immobility 1.8 Peachey & Crosby, 1996
Amphilocus likelike larvae N S nw - - 10h EC50 immobility 22 Peachey & Crosby, 1996
Amphilocus likelike larvae N S w - - 10h EC10 immobility 84 Peachey & Crosby, 1996
Mysidopsis bahia 24-48h Y S nw - 30 48h LC50 mortality 24.8 Pelletier et al, 1997
Mysidopsis bahia 24-48h Y S nw - 30 48h LC50 mortality 0.89 Pelletier et al, 1997
Mollusca
Crassostrea gigas embryo/larval N S 98% nw - 32-33 48h NOEC abnormal shell 25 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 98% w - 32-33 48h EC50 abnormal shell 110 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 98% w - 32-33 48h EC10 abnormal shell 32 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 98% w - 32-33 48h NOEC abnormal shell 0.5 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 98% w - 32-33 48h EC50 abnormal shell 0.98 Lyons et al, 2002
Crassostrea gigas embryo/larval N S 98% w - 32-33 48h EC10 abnormal shell 0.93 Lyons et al, 2002
Mulinea lateralis embryo/larval Y S - nw - 30 48h L(E)C50  survival/development >11900 Pelletier et al, 1997
Mulinea lateralis embryo/larval Y S nw - 30 48h L(E)C50  survival/development 0.23 Pelletier et al, 1997
Mulinea lateralis Jjuvenile 1-1.5 mm Y S nw - 30 96h LC50 mortality >9454 Pelletier et al, 1997
Mulinea lateralis Jjuvenile 1-1.5 mm Y S nw - 30 96h LC50 mortality 1.68 Pelletier et al, 1997
Mulinea lateralis Jjuvenile 1-1.5 mm Y S nw - 30 96 h EC50 growth >9454 Pelletier et al, 1997
Mulinea lateralis Jjuvenile 1-1.5 mm Y S - nw - 30 96h EC50 growth >0.91 Pelletier et al, 1997
Mytilus edulis N R 298% nw - 33 48h EC50 feeding filtration >40 Donkin et al, 1989, 1991
Coelenterata
Fungia scutaria planulae N S nw - - 10h EC50 immobility 32 Peachey & Crosby, 1996
Fungia scutaria planulae N S nw - - 10h EC10 immobility 26 Peachey & Crosby, 1996
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Acute toxicity of fluorene (CASnr: 86-73-7) to fres

hwater organisms.

Species Species properties Analyzed  Test Substance Test pH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCO4/L)
Algae
Dunaliella bioculata N S purified am - - 50-72 h EC50 growth rate 15500 Heldal et al, 1984
Pseudokirchneriella subcapitata N S 98.6 - - - 96 h EC50 CO2 incorporation, production 3400 Finger et al, 1985
Pseudokirchneriella subcapitata N S 98.6 - - - 7d EC50 cell number 2200 Finger et al, 1985
Crustacea
Daphnia magna S 98% 7.5 280 48h EC50 immobility 430 Mayer & Ellersieck, 1986
Daphnia magna <24h Y S - am  7.8+0.2 250+30 48h EC50 immobility 408 Bisson et al, 2000
Daphnia magna Y S 98.6 mw  7.2-7.4 270 48h EC50 immobility 430 Finger et al, 1985
Daphnia magna neonates <24 h N S - am 8 250 24h EC50 immobility >1024 Wernersson, 2003
Daphnia magna neonates <24 h N S - am 8 250 24+2+1h EC50 immobility >1024 Wernersson, 2003
Daphnia pulex <24h N S 296% w - 160-180 48h EC50 immobility 212 Smith et al, 1988
Daphnia pulex <24h N S 296% w - 160-180 48h EC10 immobility 23 Smith et al, 1988
Gammarus pseudolimnaeus Y S 98.6 w7274 270 96 h LC50 mortality 600 Finger et al, 1985
Hyalella azteca 23w N R 98% nw 82 165 10d LC50 mortality 525 Lee et al, 2001
Hyalella azteca 23w N R 98% nw 82 165 10d LC50 mortality 452 Lee et al, 2001
Hyalella azteca 23w N R 98% nw 82 165 14d LC50 mortality 404 Lee et al, 2001
Insecta
Aedes aegypti <8h, 1stinstar N S analytical - - - <24h LC50 mortality 2700 Kagan et al, 1987
Chironomus plumosus S 98% 7.5 280 48h EC50 immobility 2350 Mayer & Ellersieck, 1986
Chironomus riparius larvae Y S 98.6 nw 7.2-7.4 270 48h EC50 immobility 2350 Finger et al, 1985
Hexagenia bilineata nymphs Y S 98.6 nw 7.2-7.4 270 120 h LC50 mortality 5800 Finger et al, 1985
Mollusca
Mudalia potosensis Y S 98.6 w7274 270 96 h LC50 mortality 5600 Finger et al, 1985
Pisces
Lepomis macrochirus S 98% 7.5 280 96 h LC50 mortality 760 Mayer & Ellersieck, 1986
Lepomis macrochirus Y S 98.6 nw 7.2-7.4 270 96h LC50 mortality 910 Finger et al, 1985
Oncorhynchus mykiss Y S 98.6 w7274 270 96 h LC50 mortality 820 Finger et al, 1985
Pimephales promelas Y S 98.6 w7274 270 96 h LC50 mortality >100000 Finger et al, 1985
Chronic toxicity of fluorene (CASnr: 86-73-7) to fr  eshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water (mg CaCO4/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 820 Bisson et al, 2000
Pseudokirchneriella subcapitata N S 98.6 - - - 7d EC10 cell number 1400 Finger et al, 1985
Pseudokirchneriella subcapitata N S 98.6 - - - 7d NOEC biomass, cell number, chlorophyil 1670 Finger et al, 1985
Cyanophyta
Anabaenaflos-aqua Y S analytical am - - 2w NOEC growth <110 Bastian & Toetz, 1982
Anabaenaflos-aqua Y S analytical am - - 2w EC10 growth 430 Bastian & Toetz, 1982
Macrophyta
Chara sp. pre-emergence N S 98.6 nw - - 21d NOEC weight 14000 Finger et al, 1985
Chara sp. pre-emergence N S 98.6 nw - - 21d EC50 weight 20300 Finger et al, 1985
Chara sp. 21 d, post-emergence N S 98.6 nw - - 21d NOEC weight >35000 Finger et al, 1985
Lemna gibba N S - am - - 8d EC7 growth 2000 Huang et al, 1997ab
Lemna gibba N S am - - 8d EC30 growth 2000 Huang et al, 1997ab
Insecta
Chironomus riparius larvae Y IF 98.6 w7274 270 30d NOEC emergence 290 Finger et al, 1985
Diporeia sp. 1-2 mm, juvenile, 5-11 m Y R >98% w8183 165-250 28d LC50 mortality 542.7 Landrum et al, 2003
Crustacea
Ceriodaphnia dubia <24h Y R - mw  81+04 240+40 7d EC10 reproduction 25 Bisson et al, 2000
Daphnia magna Y IF 98.6 w7274 270 21d NOEC reproduction 62.5 Finger et al, 1985
Pisces
Lepomis macrochirus fingerlings, 0.74 g Y CF 98.6 mw  7.2-7.4 270 30d NOEC growth 125 Finger et al, 1985
Lepomis macrochirus fingerlings, 0.74 g Y CF 98.6 w7274 270 30d NOEC mortality 250 Finger et al, 1985
Acute toxicity of fluorene (CASnr: 86-73-7) to mari  ne organisms.
Species Species properties Analyzed  Test Substance Test pH Salinity (%) Exp. time Criterion  Test endpoint Value (ug/L)  Reference

type purity water
Annelida
Neanthes arenaceodentata Y S 298% am - 32 96 h LC50 mortality 1000 Rossi & Neff, 1978

Crustacea
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Artemia salina <1d N S analytical - - - 3h LC50 mortality 3000 Kagan et al, 1987
Acute toxicity of indeno[1,2,3-cd]pyrene (CASnr: 19  3-39-5) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOyL)
Crustacea
Daphnia magna <24h Y S - am  7.8%0.2 250+30 48h EC50 immobility >357 Bisson et al, 2000
Chronic toxicity of indeno[1,2,3-cd]pyrene (CASNr: 193-39-5) to freshwater organisms.
Species Species properties Analyzed Test Substance Test PH Hardness Exp. time Criterion  Test endpoint Value (ug/L)  Reference
type purity water (mg CaCOy/L)
Algae
Pseudokirchneriella subcapitata Y S am - 215 72h EC10 growth 1.5 Bisson et al, 2000
Crustacea
Ceriodaphnia dubia <24h Y R - nw  81+0.4 240+40 7d EC10 reproduction 0.27 Bisson et al, 2000
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