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FOREWORD

This Annex XV report has been prepared in ordgsrtivide in its Part | the relevant information
on the identity of Coal Tar Pitch, High Temperat(@ PHT) and on its properties as a basis for
its identification as a substance of very high @nqSVHC) in accordance with Article 57 of the
REACH Regulation. In Part Il of this report the dable information on manufacture, uses,
releases of and alternatives to CTPHT is presented.

Coal tar pitch, high temperature, CTPHT, is an UVE@lbstance (substance afikmown or
variable composition,amplex reaction products ordiogical materials) characterised by a variable
and high content of polycyclic aromatic hydrocarbofiPAHS), heterocyclic compounds and
benzocarbazoles.

Relevant for the PBT/vPvB assessment of an UVCBtsimge are those of its constituents which
are present in individual concentrations equal t@almove 0.1% (weight/weight). The content of

polycyclic aromatic hydrocarbons is the main conamgarding CTPHT as these constituents are
among the major constituents of CTPHT and manjeft proved to be animal carcinogens.

Having regard of this and of the fact that datailaldity for other constituents of CTPHT is even
more limited than for its PAH-constituents, it Haeen decided to follow the approach pursued for
risk assessment in the Annex XV Transitional DassireCTPHT prepared by The Netherlands and
base the SVHC assessment of CTPHT on the SVHC prepef its PAH-constituents. The data
on environmental fate and behaviour and on toxiditlgumented in the Annex XV Transitional
dossier served therefore as the primary sourcafofmation and data basis for this Annex XV
report.

As however only for the 16 EPA homocyclic PAHs suéint data on hazard and exposure exist,
these 16 PAHs are regarded as being representatitiee effects and emissions of CTPHT. This
approach implies therefore a possible underestimatf the hazard of CTPHT.

As out of the 16 PAHSs, naphthalene and acenaphteyleere not detected in CTPHT, and both

acenaphthene and fluorene were detected in coatient below 0.1 %, the present dossier focuses
on the following 12 PAHs considered relevant fax 8VHC and exposure assessment of CTPHT:
anthracene, phenanthrene, fluoranthene, pyrenez(danthracene, chrysene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, ben®iggrylene, dibenzo(a,h)anthracene, and

indeno(1,2,3-cd)pyrene.

Whereas in the effects assessment part of the Abéxiransitional dossier on CTPHT the
PAH-constituents are addressed with focus on degiRNEC-values for the environment and
DNELs/DMELs for human health, the effects assessnmetihe present Annex XV dossier targets
at comparision with the T-criteria set out in AnngéKl of the REACH Regulation. Hence, the
judgment on which are the key data differs betwibenrisk assessment, requiring selection of the
lowest reliable and relevant effect-values, and RBI/vPvB assessment, requiring selection of
reliable data suitable for comparison with the Tecia. Therefore, the data chosen for T-
assement in this report do in some instances difben the data used for effects assessment in the
Annex XV Transitional Dossier.
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As regards Part Il of this report, i.e. the Infotiroa on Manufacture, Import, Export, Uses,
Exposure and Alternatives, an approach was chdsgnnvolved a review of the relevant literature
and consultation with the relevant industry stakeéis in the EU. As part of the consultation
process, manufacturers, suppliers and downstrears uf CTPHT were asked by means of
guestionnaires for:

tonnage and market information on CTPHT (i.e. maatuufre, import, export, supply volumes
and economic values);

information on the ID of CTPHT and its major cohgnts;

information on emissions and releases of CTPHTo(thinout the lifecycle); and

information on potential alternatives to CTPHT dhdir suitability (in terms of their technical,
environmental and health aspects).

Based on the responses, follow-up through directtad was undertaken with a number of
respondents. The reasons for such follow-up incutthe wish to gather information beyond the
scope of the questionnaire, to obtain clarificationresponses or to discuss particular aspects in
more detail.

Consultation with companies for this study haseckiinainly on contacts with the relevant industry
associations, although in some cases, individuahpamies were approached directly to seek
additional information. In general, the responsaifeack obtained from industry has been variable
in quantity and quality.

Much of the underlying work for the developmenttlot Annex XV dossier was carried out under
contract by DH1, in co-operation with Risk & Policy Analysts Lireif™, NCEC (AEA)™, and
Milieu Ltd™ .

* Agern Alle 5, DK-2970 Hgrsholm, Denmark
™ Farthing Green House, 1 Beccles Road, Loddon,diqrNR14 6LT, UK

*kk

B329 Harwell, Didcot, Oxfordshire OX11 0QJ, UK

*kkk

29 Rue des Pierres, 1000 Brussels, Belgium
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ABBREVIATIONS / ACRONYMS

=)

AC Article Category ELS Early Life Stage
ASTM American Society for Testing and EPA Environmental Protection Agency
Materials
B Bioaccumulation EU European Union
BaP Benzo(a)pyrene EURAL European list of waste products
BAT Best Available Technique EUSES European Union System for the
Evaluation of Substances
BCF Bioconcentration factor IARC International Agency for Research on
Cancer
CAS Chemical Abstracts Service IPCS International Programme on Chemica
Safety
CAT Category ISO International Standards Organizatio
CCSG Coal Chemicals Sector Group IUCLID International Uniform Chemical
Information Database
CEFIC European Chemical Industry Council IUPAC International Union of Pure and
Applied Chemistry
CLP Classification, Labelling and Koc Organic carbon-water partitioning
Packaging coefficient
CMR Carcinogenic, mutagenic or toxic tg Kow Octanol-water partitioning coefficient
reproduction
CTP Coal Tar Pitch LC g Lethal Concentration 10%
CTPHT Coal Tar Pitch, High Temperature LCsp Lethal Concentration 50%
CTPV Coal Tar Pitch Volatiles LT s Median Lethal Time
CVR Continuous Vertical Retorts LWS Liquid Waterproofing Systems
DIN Deutsche Industrie Norm NACE Nomenclature statistique des Activites
economiques dans la Communaute
Europeenne
DNA Deoxyribonucleic Acid nd No publication date
EAF Electric Arc Furnaces NOEC No Observed Effect Concentration
EC Effective Concentration OECD Organisation for Economic Co-
operation and Development
ECyo Effective Concentration 10% OH Hydroxyl radical
ECsq Effective Concentration 50% P Persistence
ECHA European Chemicals Agency PAHs Polycyclic Aromatic Hydrocarbons
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PARCOM Paris Commission under the SVHC Substance of Very High Concern
Convention for the Prevention of
Marine Pollution from Land-Based
Sources (Paris Conventiotj
PBT Persistent, Bioaccumulative and Toxic SU Sector of Use
PC Chemical product category T Toxicity
PNA Polynuclear Aromatic TOXNET Toxicology Data Network
PROC Process Category UCN Use code Nordic
QI Quinoline Insoluble us United States
RAP Reclaimed Asphalt Pavement uv Ultra-Violet
RAR Risk Assessment Report uvCB Substances of Unknown or Variable
composition, Complex reaction
products or Biological materials
REACH Registration, Evaluation, vPvB Very Persistent and very
Authorisation and Restriction of Bioccumulative
Chemicals
SME Small and Medium sized Enterprise
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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CMR CAT 1 0OR 2, PBT, vPvB OR A SUBSTANCE OF AN
EQUIVALENT LEVEL OF CONCERN

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

» ltis proposed to identify the substance as a CM&«. cat. 2) according to Article 57 (a).
» Itis proposed to identify the substance as a P&baling to Article 57 (d).

» Itis proposed to identify the substance as a v&utdrding to Article 57 (e).

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

Information on the persistence, potential for baaanulation and aquatic toxicity was not available
for CTPHT itself. Therefore, the PBT assessme@DPHT focused on the assessment of its PAH-
constituents having been identified in concentreti@bove or equal to 0.1 % (indicator PAH-
constituents). For 10 of these 12 indicator PAHstibwents assessed in total, half-lives in soildhav
been reported to be in the range of 5.7 to 9.1syeader field conditions. As these half-lives
observed in soil exceed the P- and vP-criteriaf (Inads of 120, respectively 180 days), it is
concluded that the vP criterion is fulfilled by dl0 PAH-constituents. Experimentally obtained
BCF values higher than 5,000 are reported in fisbllusks, or crustaceans for 9 indicator PAH-
constituents of CTPHT. As these BCF values exckedt and vB criteria (measured BCF values
in aquatic species > 2000, respectively > 5000% doncluded that the vB-criterion is fulfilled by
the respective 9 substances. BCF values > 2000 heee reported for anthracene, which is a
further indicator PAH-constituent of CTPHT and tHu8lls the B-criterion. Long-term data for
marine or freshwater species showing no effect eotnations (NOEC/Ef) < 0.01 mg/l are
available for 9 of the indicator PAH-constituentsGYPHT. Furthermore, 6 of the indicator PAHs
found in CTPHT are classified as carcinogen, mutageas toxic to reproduction in Annex VI of
Regulation (EC) No 1272/2008 (CLP Regulation). Blasa the available experimental aquatic
toxicity data and the data on classification, itc@ncluded that 11 of the 12 indicator PAH-
constituents for the assessment of CTPHT fulfil Theriteria of Annex Xl of the REACH
Regulation.

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

As, in addition, CTPHT is classified as a carcinog¢€arc. Cat.2, respectively 1B) in Annex VI of

Regulation (EC) No 1272/2008, CTPHT is as well bstance meeting the criteria of Article 57 (a)
of the REACH Regulation.

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

No registration dossier for the substance was stiédnio ECHA by the publication date of this
dossier (31 August 2009).

10
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Part |

JUSTIFICATION
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1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND
CHEMICAL PROPERTIES

1.1 Name and other identifiers of the substance

EC number: 266-028-2

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

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

CAS number: 65996-93-2

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

IUPAC name: not applicable

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

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

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

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

Coal tar pitch, high temperature (CTPHT) is thadwas from the distillation of high temperature
coal tar (CAS no. 65996-89J6under vacuum in closed systems. The EINECS ddsxnrijs as
follows: “The residue from the distillation of high temperatweoal tar. A black solid with an
approximate softening point from 30°C to 180°C. @osed primarily of a complex mixture of
three or more membered condensed ring aromatic dogtbons. The composition of CTPHT
includes a large variety of polynuclear aromatinstduents, including heterocyclic derivatives.

1.2 Composition of the substance

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

In general, coal tars and coal tar pitches havébig compositions due to variation in source
materials and in manufacturing processes. CTPH&nISUVCB substance characterised by a
variable and high content of polycyclic aromatic diocarbons (PAHs) and heterocyclic

compounds. Its exact composition varies due teatgable and complex nature, as well as due to

1 cCoal tars are produced as a by-product of theotéshtion of coal, by cooling and condensing theegaevolved
in this process. Coal tars are composed of a compig of hydrocarbons and may contain as many g8000
constituents, of which approximately 400 have biglemtified (Franck, 1963). The composition of ctarls may
vary greatly, depending on the type of coking @raployed, the coking process and the distillatimeess used.

12
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variations in the distillation temperature. CTPHAdfsdifferent composition may be named with
different synonyms hinting to their intended useg. ebinder pitch or impregnating pitch.
Differences in the composition of these two CTPHdiesshown in Table 1.1.

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

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

Information on the content of the 16 indicator PA&tsl other organic constituents in CTPHT is
available for CTPHT either used for impregnatingfar binding (Table 1.1). As the main use of
CTPHT is as binder pitch for the production of ae®dnd electrodes (see Part Il of this dossier and
The Netherlands, 2008), the data on compositioniadla for binder pitch is therefore chosen as
reference for the content of PAHSs in the substance.

The present dossier focuses on indicator PAH-ciuestis that are considered relevant for the PBT
assessment of CTPHT, i.e. those 12 PAHs confirmeedd contained in the substance in
concentrations equal to or higher than 0.1 %. talt¢hose 12 PAHs represent approx. 10% of the
matter of CTPHT. According to the information omdbér pitch shown in Table 1.1 this includes
the following 12 PAHs: anthracene, phenanthrenapréinthene, pyrene, benz(a)anthracene,
chrysene, benzo(a)pyrene, benzo(b)fluoranthene, zdfeYiluoranthene, benzo(ghi)perylene,
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrédnshould be noted that the selection of
indicator PAHs for PBT assessment would be almiesttical on the basis of composition data of
impregnating pitch and the 0.1 % threshold (it vdodiffer only with respect to anthracene, with a
concentration of 0.074% in impregnating pitch).

LI 90 .0

Maphthalene Acenaphthene Acenaphthylene

SO ENNCOP RN e

Fluorene Anthracene Phenanthrene

g I.® )
G&Eﬁ (7] PO

Fluoranthens® Pyrene Benz(a)anthracens
P . . % 2
I [

C@l/ (L7 L]

Chrysene Benzo{ajpyrene’ Benzo(b)fluoranthene”

5&!‘20' Jfluoranthene®
R
|
B
o
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Figure 1. Structural formulae of the 16 PAHSs listed in Tafl1l
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COAL TAR PITCH, HIGH TEMPERATURE

ANNEX XVEPORT FOR THE IDENTIFICATION OF SVHC

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

Chemical name EINECS CAS Molecular Molecular Concentration in Impregnating Concentration in
Number Number Formula Weight pitch Binder pitch
(mglkg) | %* (mgkg) | %>
Polycyclic Aromatic Hydrocarbons (PAHsY
Naphthalene 202-049-5 91-20-3 {eHs 128.17 n.d. n.d. n.d. n.d.
Acenaphthylene 205-917-1 208-96-8 fHs 152.20 n.d. n.d. n.d. n.d.
Acenaphthene 201-469-6 83-32-9 GoHio 154.21 390 0.039 432 0.043
Fluorene 201-695-5 86-73-7 GHio 166.22 144 0.014 472 0.047
Phenanthrene 201-581-5 85-01-8 £Hio 178.23 3874 0.387 6299 0.630
Anthracene 204-371-1 120-12-7 Hio 178.23 737 0.074 1311 0.131
Fluoranthene 205-912-4 206-44-0 fHio 202.25 17389 1.739 10789 1.079
Pyrene 204-927-3 129-00-0 fHio 202.25 14849 1.485 9449 0.945
Benz(a)anthracene ** 200-280-6 56-55-3 feH1 228.29 15008 1.501 7715 0.772
Chrysene 205-923-4 218-01-9 Hiz 228.29 14041 1.404 8053 0.805
Benzo(b)fluoranthene ** 205-911-9 205-99-2 Hio 252.31 17408 1.741 12131 1.213
Benzo(Kk)fluoranthene ** 205-916-6 207-08-9 LHao 252.31 8704 0.870 6065 0.607
Benzo(a)pyrene ** 200-028-5 50-32-8 £oH1o 252.31 12924 1.292 10021 1.002
Dibenzo(a,h)anthracene ** 200-181-8 53-70-3 LHag 278.35 2209 0.221 1749 0.175
Benzo(ghi)perylene 205-883-8 191-24-2 £GHio 276.33 9945 0.995 8664 0.866
Indeno(1,2,3cd)pyrene ** 205-893-2 193-39-5 £Hq 276.33 11106 1.111 9061 0.906
Other Aromatic Hydrocarbons
1-Methylfluorene 217-048-5 1730-37-6 Hio 180.26 n.d n.d. 61 0.006
2-Methylfluorene 215-853-6 1430-97-3 Hi 180.26 50 0.005 112 0.011
Cyclopenta(def)phenanthrene ** 205-905-6 203-64-5 £Hio 190.25 918 0.092 821 0.082
Acephenanthrylene ** 205-911-9 205-99-2 Hio 252.32 828 0.083 386 0.039

2 The 16 PAHSs regarded as being representativénéoemissions of CTPHT in the Annex XV TransitioBaissier (The Netherlands, 2008).
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COAL TAR PITCH, HIGH TEMPERATURE

ANNEX XVEPORT FOR THE IDENTIFICATION OF SVHC

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

Chemical name EINECS CAS Molecular Molecular Concentration in Impregnating Concentration in
Number Number Formula Weight pitch Binder pitch
(mg/kg) % * (mg/kg) % *
Benzo(a)fluorene ** 205-944-9 238-84-6 fHe 216.29 4509 0.451 1974 0.197
Benzo(b)fluorene ** 205-952-2 243-17-4 fHio 216.29 4306 0.431 2456 0.246
Benzo(e)pyrene ** 205-892-7 192-97-2 Hio 252.32 11891 1.189 8976 0.898
Perylene 205-900-9 198-55-0 Hio 252.32 5014 0.501 3167 0.317
Anthantrene 205-884-3 191-26-4 LHi, 276.34 4581 0.458 3464 0.346
Tar Bases / Nitrogen-containing Heterocycles
Acridine 205-971-6 260-94-6 fSHoN 179.21 242 0.024 264 0.026
Carbazole 201-696-0 86-74-8 HBHoN 167.2 1556 0.156 1664 0.166
Sulfur-containing Heterocycles
Dibenzothiophene 205-072-9 132-65-0 BHgS 184.26 269 | 0.027 438 | 0.044
Oxygen-containing Heterocycles / Furans
Dibenzofuran 205-071-3 132-64-9 gHgO 168.19 n.d | n.d. 215 | 0.022

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

** EC names reported in EINECS: for Benz(a)anthrec® Benz[a]lamthracene; for Benzo(b)fluoranthehdenzo[e]acephenanthrylene; for Benze¥kBenzo[k]fluoranthene; for Benzo(a)pyrene
- Benzo[def]chrysene; for Dibenzo(ah)anthraceén®ibenzo[ah]anthracene; for Benzo(ghi)perylehédBenzo[ghilperylene; for Indeno(1,2,3cd)pyretteindeno[1,2,3-cd]pyrene; for
Cyclopenta(def)phenanthrere 4H-Cyclopenta[deflphenanthrene; for Acephenanémgt> Benzo[e]acetophenanthrylene; for Benzo(a)fluorénBenzo[a]fluorene; for Benzo(b)fluorer
Benzo[b]fluorine; for Benzo(e)pyrene Benzo[e]fluorene
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COAL TAR PITCH, HIGH TEMPERATURE ANNEX XVEPORT FOR THE IDENTIFICATION OF SVHC

1.3 Physico-chemical properties

Table 1.2: Summary of physico-chemical propertiesf CTPHT (The Netherlands, 2008)
REACH ref | Property Value Comment/reference
Annex, 8
Vil, 7.1 Physical state at 20°C and Black solid
101.3 kPa
VII, 7.2 Melting/freezing point 65 - 150 °C | Softening range; CCSG 2096
Vil, 7.3 Boiling point >360 °C At 1013 hPa
VII, 7.5 Vapour pressure (Pa) <10 At 20 °C;
<1000 At 200 °C; OECD 104; CCSG 2606
Vil, 7.7 Water solubility (mg/l) ~0.040 16 EPA PAHSs, at a loading of 10 g/L a
22°C; RUTGERS VFT 1999
VIl, 7.8 Partition coefficient Not applicable
n-octanol/water (log value
Density (g/m) 1.15-1.40 At 20 °C; ASTM D 71; CCSG 2606
VIl, 7.9 Flash point (°C) >250 ISO 2719; CCSG 2b06
Vil, 7.12 Auto flammability (°C) >450 Ignition point at 101.3 kPa; DIN 51794;
CCSG 2006
Vil, 7.11 Explosive properties Not explosiye CCS®&
Vil, 7.13 Oxidizing properties Not oxidizing CCSG 2006

3 CCSG 2006: Internal communication, Coal Chemicatsde&sroup/CEFIC 2006 (The Netherlands, 2008)
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COAL TAR PITCH, HIGH TEMPERATURE

ANNEX XVEPORT FOR THE IDENTIFICATION OF SVHC

1.3.1 Physico-chemical properties of indicator constituets of CTPHT relevant for PBT/vPvB assessment

Table 1.3: Physico-chemical Properties of the 12A4Ms present in CTPHT in concentrations above or equalent to 0.1% (The Netherlands, 2008)

Molecular Meltin Boilin Water Lo Vapour . Henry's

Substance CAS no h?g:iﬁjfr weight pointg pointg solubility KO\IgV prer)sure I?ke nls_|1t)y consrt)f/mt
(g.mol™) (°C) (°C) (ng.I () (Pa at 25 °C) 9: (Pa n/mol at 25 °C)

Anthracene 120-12-7 Hio 178.2 216.4 3L 47 4.68 9.4 x 10% 1.283 4.3
Phenanthrene 85-01-8 1B 178.2 100.5 340 974 457 2.6 x 107 0.980 3.7
Fluoranthene 206-44-00 1o 202.3 108.8 375 260 5.20° 1.2 x 10" 1.252 1.2
Pyrene 129-00-0 Hio 202.3 156 360 125 4.9¢ 1.0 x 10* 1.271 1.4
Benz(a)anthracene 56-55-3 15610 228.3 160.7 435 1072 5.91° 7.6 x 10° 1.226 0.8
Chrysene 218-01-9 i 228.3 253.8 448 1.65 5.81° 5.7 x 10" 1.274 0.079
Benzo(a)pyrene 50-32-8 10 252.3 175 496 1.54 6.13 7.3 x 10" 1.35 0.03%20°9)
Benzo(b)fluoranthene 205-99-2  L,f8;, 252.3 168.3 481 1.28 6.17 3.3 x 10% - 0.05P@0°¢)
Benzo(Kk)fluoranthene 207-08-9 L&, 252.3 217 480 0.93 6.1 1.3 x 10’ - 0.043@0°¢)
Benzo(ghi)perylene 191-24-2 L@ 276.3 277 545 0.14 6.22 1.4 x 10° 1.329 0.02%2°°¢)
Dibenzo(a,h)anthracene  53-70-3 i@, 278.4 266.6 524 0.82 6.50° 3.7 x 10" 1.282 1.3.10¢
Indeno(1,2,3-cd)pyrene¢  193-39-5 .8, 276.3 163.6 536 0’1 6.58 1.7 x 10% - 0.046

The data presented above were taken form Maekal; (1992). The selected values for water solubiigre preferably based on generated column metlds(l if absent, on shake-
flask methods (b) using geometric means ((c) fdeno(1,2,3-cd)pyrene, no data were available, aultefalue of 0.1 pg/l was used). The selectedesfor log Kow were preferably
based on slow-stirring/generator column (c) or skiiwing methods (d) using average values. Ieabshe log Kow values were based on the shakk-ftethod (e), or in absent of data
calculated using ClogP model (f). The selectedasfor vapour pressure were based on manometrséasition (g), gas saturation (h), gas saturégifusion (i), effusion method (j)
using geometric means or estimated using EPIWIN Thje selected values for the Henry’s constanewaised on batch/gas stripping/wetted-wall colunmétch/gas stripping (n), gas

stripping (0), batch column (p) using geometric neear when no data were available, constants vadealated using EUSES 2.0 (q).
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2 CLASSIFICATION AND LABELLING

Classification in Annex VI of Regulation (EC) No 172/2008

CTPHT has index number 648-055-00-5 in Annex Vit BaTables 3.1 and 3.2 of Regulation (EC)

No 1272/2008.

CTPHT is classified as carcinogen (Carc. Cat.25)R€cording to Annex VI, part 3, Table 3.2 (the
list of harmonised classification and labellingh&zardous substances from Annex | to Directive
67/548/EEC) of Regulation (EC) No 1272/2008. Acoogdto the same Regulation, some of the
indicator PAH-constituents relevant for the PBT/BPassessment of CTPHT are classified as
carcinogen, mutagen or as toxic to reproductiore flitl classification of CTPHT and its indicator
PAH-constituents according to Annex VI, part 3, [EaB.2 of Regulation (EC) No 1272/2008) is

provided in Table 2.1.

Table 2.1: Classification and labelling of CTPHT ad its 12 PAH-constituents according to RegulatiodEC) No

1272/2008 (Annex VI, part 3, Table 3.2)

Substance CAS no Index Number CIaSS|f|<_:at|o_n .
[concentration limits]
CTPHT 65996-93-2 648-055-00-5 Carc. Cat. 2;R45
Anthracene 120-12-7 *, Ok *, Ok
Phenanthrene 85-01-8 * *
Fluoranthene 206-44-0 * *
Pyrene 129-00-0 * *
Benz(a)anthracene 56-55-3 601-033-00-¢ Carc. C&43
N; R50-53
Chrysene 218-01-9 601-048-00-0 Carc. Cat. 2; R45
Muta. Cat. 3; R68
N; R50-53
Benzo(a)pyrene 50-32-8 601-032-00-3 Carc. Cat45; [R> 0.01%]
Muta. Cat. 2; R46
Repr. Cat. 2; R60-61
R43
N; R50-53
Benzo(b)fluoranthene 205-99-2 601-034-00-4 Cart. ZaR45
N; R50-53
Benzo(k)fluoranthene 207-08-9 601-036-00-5 Card. ZaR45
N; R50-53
Benzo(ghi)perylene 191-24-2 * *
Dibenzo(a,h)anthracene 53-70-3 601-041-00-2 Cat.ZL R45 [C 0.01%)]
N; R50-53
Indeno(1,2,3-cd)pyrene 193-39-5 * *

Key:

*: No classification in the context of Regulatida®) No. 1272/2008
**: Xi; R38 N;R50-53 (in the context of Directive7/648/EEC) proposed in the draft risk assessmeuatrt®n

anthracene (Greece, 2008)

Carc.: carcinogenic; Muta: mutagenic; Repr.: tdgicreproduction

R43:
R45:
R46:
R50:
R53:
R60:

May cause cancer
May cause heritable genetic damage
Very toxic to aquatic organisms, and

May impair fertility

R61: May cause harm to the unborn child
R68: Possible risk of irreversible effects.
N: Dangerous for environment

May cause sensitisation by skin contact

May cause long-term adverse effects in tha@genvironment
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Table 2.2: Classification and labelling of CTPHT ad its 12 PAH-constituents according to Regulation
(EC) No 1272/2008 (Annex VI, part 3, Table 3.1)
Classification Labelling
Hazard Class and Hazard Pictogram, | Hazard
Substance CAS no Category Code(s) | statement| Signal statement
[Index No] [specific concentratioy Code(s) Word Code(s)
limits] Code(S)
CTPHT 65996-93-2 Carc. 1B H350 GHSO08 H350
[648-055-00-5] Dgr
Anthracene 120-12-7 xR * * *
Phenanthrene 85-01-8 * * * *
Fluoranthene 206-44-0 * * * *
Pyrene 129-00-0 * * * *
Benz(a)anthracene 56-55-3 Carc. 1B H350 GHSO08 H350
[601-033-00-9] Aguatic Acute 1 H400 GHS09 H410
AquaticChronic 1 H410 Dgr
Chrysene 218-01-9 Carc. 1B H350 GHSO08 H350
[601-048-00-0] Muta. 2 H341 GHS09 H341
Aquatic Acute 1 H400 Dgr H410
Aquatic Chronic 1 H410
Benzo(a)pyrene 50-32-8 Carc. 1B [C> 0.01%] H350 GHSO08 H350
[601-032-00-3] Muta. 1B H340 GHSO07 H340
Repr. 1B H360-FD GHS09 H360FD
Skin Sens. 1 H317 Dgr H317
Aquatic Acute 1 H400 H410
Aquatic Chronic 1 H410
Benzo(b)fluoranthene 205-99-2 Carc. 1B H350 GHSO08 H350
[601-034-00-4] Aquatic Acute 1 H400 GHS09 H410
Aquatic Chronic 1 H410 Dgr
Benzo(k)fluoranthene 207-08-9 Carc. 1B H350 GHSO08 H350
[601-036-00-5] Aguatic Acute 1 H400 GHS09 H410
Aquatic Chronic 1 H410 Dgr
Benzo(ghi)perylene 191-24-2 * * * *
Dibenzo(a,h)anthracene 53-70-3 | Carc. 1B [C> 0.01%)] H350 GHSO08 H350
[601-041-00-2] Aguatic Acute 1 H400 GHS09 H410
Aquatic Chronic 1 H410 Dgr
Indeno(1,2,3-cd)pyrene 193-39-5 * * * *
Key:
*. No classification in the context of Regulatida®) No. 1272/2008
**: Xi; R38 N;R50-53 (in the context of Directiver648/EEC) proposed in the draft risk assessmeuatrten
anthracene (Greece, 2008) [translated accordifiglbe 1.1 of Annex VIl of Regulation (EC) No. 122208
into: Skin Irrit. 2; Aquatic Acute 1; Aquatic Chrianl]
N: Dangerous for environment; R50-53: Very toxi@tuatic organisms, may cause long-term adversetsff
in the aquatic environment.
Carc.1B: Carcinogen; Muta 2, 1B: Germ cell mutadeepr.1B: Toxic to reproduction
Aquatic acute 1, Aquatic chronic 1: Hazardous ®dhuatic environment
Skin Sens.1: Skin sensitizing
H317: May cause an allergic skin reaction; H341sg&ated of causing genetic defects
H350: May cause cancer; H360-FD: May damage firtilay damage the unborn child
H400: Very toxic to aquatic life; H410: Very toxic aquatic life with long lasting effects.
GHSO07: exclamation mark; GHSO08: health hazard; GH80@vironment; Dgr: Danger

The harmonised classification and labelling as rmes substances according to Regulation (EC)
No 1272/2008 (Annex VI, part 3, Table 3.1 (list lmhrmonised classification and labelling of
hazardous substances)) for CTPHT and its 12 immlic®AH-constituents relevant for the
PBT/vPvB assessment is presented in Table 2.2.
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3 ENVIRONMENTAL FATE PROPERTIES

3.1 Overview

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

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

3.2 Degradation

3.2.1 Abiotic degradation
3.2.1.1 Hydrolysis

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

3.2.1.2 Atmospheric degradation

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

Atmospheric half-lives are given in the Annex XVansitional Dossier on CTPHT. For the 2-4 ring
PAHSs, representative lifetimes with respect to glase reactions range from 2 hours to 9 days for
reactions with OH. Few data indicate half-livesnfrd.8 hours to 340 days for gas phase nitrate and
ozone reactions. Under environmental conditionsH®Af higher molecular mass are almost
completely adsorbed onto fine particles. Studiescate that the degradation rate depends on the
particle material, with PAHs being more stable whdsorbed to particles of higher carbon content.
Representative lifetimes of the particle-associ&@dts are in the range of 15 minutes to 6-8 days
with respect to photolysis (The Netherlands, 2008).

3.2.1.3 Phototransformation in water and soil

PAHSs are photo-degraded by two processes, diraablyisis by light with a wavelength < 290 nm
and indirect photolysis (photo-oxidation) by atseane oxidizing agent (Volkering and Breure
(2003) cited in The Netherlands, 2008). Singletgetyis the main oxidant, but also reactions with
nitrite and to a lesser extent with nitrate mayetgkace (Suzuket al, (1987) cited in The
Netherlands, 2008). The degradation rate depemdiseocontent of dissolved oxygen, and may be
increased in the presence of humic acid, whilendreases exponentially with the temperature
(Moore and Ramamoorthy, 1984 cited in The Nethedar2008). When PAHs are adsorbed to
suspended particles, the accessibility for photowbal reactions will depend on the nature of the
particles.
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Photodegradation in natural waters takes normad#igeponly in the upper few centimetres of the
water-column and is therefore not considered teelsgnificant impact on the overall persistency
of PAHs in the aquatic environment. As exposurdigbt is even more limited in soils, photo-
degradation is as well not considered a relevagtadiation process in terrestrial environments.

3.2.2 Biodegradation
3.2.2.1 Biodegradation in water

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

3.2.2.2 Biodegradation in sediments

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

3.2.2.3 Biodegradation in soil

Biodegradation rates of PAHs in soil depend on isdviactors related to the soil type, including
pH, moisture content, nutrients, oxygen, and tiverdity of the soil microbial population. Various
species (bacteria, fungi, yeasts and algae) araikrio degrade PAHs in soil (The Netherlands,
2008). It has been shown that the number of PAgtatBng microorganisms and the degradation
capacity is higher in PAH-contaminated soils thanpristine soils, something explained by the
development of an adapted soil microbial commur8gveral studies have also been demonstrated
enhanced PAH-degradation rates when the soil had keriched with isolated PAH-degrading
microorganisms (Davigt al. (1993); Grosseet al. (1995); Schneideet al. (1996) cited in The
Netherlands, 2008).

On the basis of a comparison between two studigkd (8Y al. 1991 and Wild and Jones, 1993) it

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

Wild and Jones (1993) and Wi&t al. (1991) studied the biodegradation of PAHs in aaillended
with sewage sludge under laboratory and field doows, respectively. The half-lives for PAHs
determined in the two experiments are presentefiabie 3.1. Whereas the half-lives obtained in
the laboratory soil microcosms were in the rangelafs, those representing the field conditions
were in the range of years.
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Table 3.1: Half-lives for 10 PAHs determined fromsoil microcosm and long-term field studies

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

Wild & Jones (1993) Wild etal (1991)

Phenanthrene (3) 83-193 5.7

Anthracene (3) 48-120 7.9

Fluoranthene (4) 110-184 7.8

Pyrene (4) 127-320 8.5

Benz(a)anthracene and 106-313 8.1

Chrysene (4)

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

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

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

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

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

3.2.3 Summary and discussion on degradation

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

‘Aging’ is a phenomenon associated with increasesidence time of PAHs in soil, which can
further decrease the bioavailability of PAHSs in tegestrial environment. Freshly spiked PAHs are
more readily desorbed and thus more bioavailal@le #AHs that have been in soil or sediment for
a longer period of time (The Netherlands, 2008)isTieans that studies involving artificially
added PAHSs (e.d*C-labelled) often result in biodegradation ratesmhigher than rates observed
for the same substances present in soil as partohtamination by coal tar.

In the assessment for persistence of the PAHs geptiag CTPHT, half-lives obtained under
realistic conditions, i.e. field conditions, areven priority, as Annex Xlll of the REACH
Regulation requires the data to be collected utttendequate conditions. The study by Véildal.
(1991) reports half-lives in soil for 10 of the BP2AHs addressed in the present assessment
[anthracene, phenanthrene, fluoranthene, pyrenez(d®@anthracene, chrysene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene and dighz)perylene] above the P and vP criteria set
in the Annex XIlll, and it is selected as the kaydstfor the P assessment of CTPHT. Experimental
data on half-lives for dibenzo(a,h)anthracene adéno(1,2,3-cd)pyrene are lacking in this study.

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

3.3.1 Adsorption/desorption

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

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

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

3.3.2 Volatilisation

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

3.4 Bioaccumulation

3.4.1 Aquatic bioaccumulation

Bioconcentration in aquatic organisms can be deteun at steady state conditions as the
concentration in the organism divided by the cotragion in the water, or as the ratio between the
rates of uptake and depuration at non steady stet@itions. The bioconcentration factor (BCF) is
linearly correlated with the Kow up to log Kow vahkiin the range of 5 - 6. At higher log Kow
values, the BCF tends to stay constant or may elemmease with increasing log Kow (The
Netherlands, 2008). This is explained by charasties like lipid solubility variations, slow
desorption, low bioavailability, and reduced memigrgpassage due to the molecular size, usually
associated with molecules having a very high Kow.fér PAHSs, this trend has been observed in
studies of bioaccumulation potential in fish but mostudies with molluscs or crustaceans.
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Potential for biotransformation of substances ipased species is also an important factor in
assessing bioaccumulation. BCF values may be highearly life stages of an organism than in the
adult stage. Whereas fish, and to some extennaddloiscs, have the ability to metabolise PAHS, no
evidence of metabolism of PAHs has been observalyjae, or oligochaeta.

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

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

Bioaccumulation and the role of biotransformatianthe bioaccumulation process of PAHs were
studied in a static experimental set-up with fatheannows Pimephales promelagDe Maagd,
1996). The results indicated that biotransformatidid influence the bioaccumulation of
benz(a)anthracene, but had no effect on the acatimlof phenanthrene and anthracene. The
uptake of fluoranthene, however, could be bettedetied if biotransformation was taken into
account. The calculated BCF values when biotransition was inhibited were 6,800 for
phenanthrene and anthracene, 3,400 for fluorantlaenk200 for benz(a)anthracene.

In a second study by De Maagtal. (1998), with fathead minnows, benz(a)anthracen tested
in a flow-through study resulting in BCF values262-265.

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

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

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

Jonssoret al. (2004) exposed the fisbyprinodon variegatufor 36d to phenanthrene and pyrene in

a continuous flow system with seawater, followed8oyof depuration. BCFs ranged from 700 to
2,229 for phenanthrene, and from 50 to 145 for pgre
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Table 3.3: Experimentally obtained BCF values of BHs in fish or mollusks

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

Anthracene Mollusca

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

Fish

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

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

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

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

M. edulis 1240 1 F ki/k, (parent) HPLC McLeese & Burridge, 198]

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

Fish

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

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

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

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

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

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

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

Fish

P. promelas 9054 2 S Equi (parent) HPLC Weinstein & Oris, 1999

P. promelas 3388 2 S ki/k, (parent) HPLC De Maagcet al, 1996
Pyrene Mollusca

M. arenaria 6430 1 F ki/k, (parent) HPLC McLeese & Burridge, 198]

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

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

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

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

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

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

Fish

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

Poecilia reticulata 2700* 2 S Equi (parent) HPLC De Voogtet al., 1991

C. variegatus 145 (le) 1 CF ki/k, (parent) GCMS Jonssoret al, 2004




Table 3.3: Experimentally obtained BCF values of BHs in fish or mollusks

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

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

21h = 21 mm size class with high lipid content

211 =21 mm size class with low lipid content

15 = 15 mm size class

Avl = average BCF obtained from 4 experiments diiant field temperatures (individual BCFs were 33022000, 77000, and 39000)

Av2 = average BCF obtained from 6 experiments aitetimatisation to lab temperatures (individualFBGvere 32000, 48000, 41,000, 39000, 24000, an@(90

Av3 = average BCF obtained from 11 experimentsrdiiant field temperatures (individual BCFs were 07049000, 191000, 167000, 132000, 165000, 150089100,
40000, 24000, and 273000)

Av4 = average BCF obtained from 12 experiments aftelimatisation to lab temperatures (individu&lfis were 190000, 83000, 61000, 197000, 220000,0016W®000,
147000, 215000, 270000, 107000, and 62000)

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

Marked in bold: Key study. The study by de Vooettal 1991 was selected as key study for anthracenpyede as this was the most reliable one on fislwig BCF >
2000. For phenanthrene the study by de Masgd 1996 was the most reliable one with BCF > 200@ $tudy by Weinstein & Oris, 1999 was chosen gsskedy as it
reports a reliable equilibrium BCF for fluoranthe®er benzo(a)pyrene the study by Gossietual, 1996 was chosen among studies on the same amgaaisd of same
validity as key study because it was performedvaiiant field temperatures compared to laboratompieratures.
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Table 3.4: Experimentally obtained BCF values of RHs in Crustaceans

Substance Species BCF Test Type Chem. | References
(L/kg) System analysis
Anthracene | D. magna 511 S ku/ko c McCarthyet al, 1985
D. pulex 917 S Equi FS Southworthet al, 1978
D. magna 970 S Equi HPLC | Newsted & Giesy, 1987
Phenanthrene | D. pulex 325 S Equi FS Southworthet al, 1978
D. magna 324 S Equi HPLC | Newsted & Giesy, 1987
Fluoranthene |D. magna 1742 S Equi HPLC | Newsted & Giesy, 1987
Pyrene D. pulex 2702 S Equi FS Southworthet al, 1978
D. magna 2702 S Equi HPLC | Newsted & Giesy, 1987
Benz(a)- D. magna 2920 S Ka/ko ¢ McCarthyet al, 1985
anthracene D. pulex 10109 S Equi FS Southworthet al, 1978
D. magna 10226 S Equi HPLC | Newsted & Giesy, 1987
Chrysene D. magna 6088 S Equi HPLC | Newsted & Giesy, 1987
Benzo(a)pyrengD. magna 12761 S Equi HPLC | Newsted & Giesy, 198¥
Benzo(k)- D. magna 13225 S Equi HPLC | Newsted & Giesy, 1987
fluoranthene
Benzo(ghi)- D. magna 28288 S Equi HPLC | Newsted & Giesy, 1987
perylene
Dibenzo(a,h)- | D. magna 50119 S Equi HPLC | Newsted & Giesy, 1987
anthracene

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

FS: Fluorescence Spectrophotometry; HPLC: HighdPerince Liquid Chromatography

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

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

Bruneret al. (1994) exposed the zebra musdiejssena polymorphain a static system ttH—
labelled benzo(a)pyrene and pyrene. BCFs were leéécliusing kinetic rate constants and ranged
from 13,000 to 35,000 for pyrene, and 41,000 t@@4 for benzo(a)pyrene.

Gossiawet al. (1996) exposed the zebra musgaiegissena polymorphan a static system to radio-

labelled benzo(a)pyrene in combination with pyrelmetotal a number of 23 experiments with
benzo(a)pyrene and 10 experiments with pyrene veereducted under either ambient field
temperatures or laboratory temperatures. BCFs wal®ulated using kinetic rate constants and
ranged from 37,000 to 43,000 for pyrene, and 13B{6A.42,000 for benzo(a)pyrene.

Experimental BCF values for crustaceans are predentTable 3.4. Bioaccumulation Baphnia
magnahas been studied by McCarthy et al (1985) and hsv& Giesy (1987). In the study by
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McCarthy the BCF value for benz(a)anthracene wasrted as 2,920, determined as the ratio
between uptake rate and depuration rate. In thadydty Newsted & Giesy (1987) the BCF was
determined at steady state in a static system.coBuentration was determined for a range of
PAHSs, with the resulting BCFs being below 2,000 dathracene, phenanthrene and fluoranthene,
and above 2,000 for pyrene, benz(a)anthracenesehey benzo(a)pyrene, benzo(k)fluoranthene,
benzo(ghi)perylene, and dibenzo(a,h)anthracene.

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

3.4.2 Summary and discussion of bioaccumulation

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

A range of valid experimental fish data were avdéaor phenanthrene, fluoranthene and pyrene,
showing BCF values >5,000, and for anthracene aB@3@®, whereas experimental fish data for
benz(a)anthracene and benzo(a)pyrene indicated B@ksv 2,000. Measured BCF values in
molluscs were >5,000 for fluoranthene, pyrene amzb(a)pyrene.

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

Table 3.5: Overview of BCF values determined in th key studies

Substance Value Key study endpoint

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

4 The question wether anthracene fulfils both thanl vB criteria or should only be considered dfillfog the B-
criterion was discussed at the Member State Comenitheeting in October 2008 in the context of reaghn
agreement on the identification of anthracene &¥14C. Due to uncertainties on the validity of thighest reported
BCFvalues (see as well section 3.4.1 of this r¢pbias concluded to consider anthracene onlyillinlj the B-
criterion but not the vB-criterion (MSC, 2008).
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No experimental data on the bioaccumulation padémti benzo(b)fluoranthene and indeno(1,2,3-
cd)pyrene were found. On the basis of similaribégheir Kow values and molecular sizes with
other PAHs for which BCFs above the Annex Xl kioamulation criteria have been
experimentally confirmed, it is nevertheless apated that BCF values for these two substances

will be >2000 as well.
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4 HUMAN HEALTH HAZARD ASSESSMENT

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

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

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

5.1 Aquatic compartment (including sediment)

5.1.1 Overview

No information on the environmental hazard of CTHElavailable.

According to the approach followed (see sectior), It assessment is based on aquatic toxicity
data available for the 12 indicator PAHs considestevant for the PBT assessment of CTPHT.

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

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

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

Studies selected as key studies in the Annex XViditimnal Dossier are those providing the lowest
reliable value for the most critical effect and paht. Therein, due to the high phototoxic potainti

of some of the PAHSs, key studies for derivatiorPOfEC values have for some of the substances
been short term studies rather than long term esudNevertheless, for comparison with the
environmental T-criterion of Annex Xl of the REAC Regulation (long-term no effect
concentration for marine or freshwater organismss an 0.01 mg/l), only long term studies have
been selected as key studies for PBT assessmanteldcted key studies are marked in bold in the
Tables 5.1 — 5.11 below.
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Sediment toxicity of the PAH-constituents couldoalse considered in the assessment of CTPHT
toxicity. Sediment toxicities are normally expresses mg/kg of dry weight of the sediment and in
order to be able to compare sediment toxicity wiith T-criterion for the aquatic environment,
sediment toxicity values have to be transformed aquatic toxicity values. This may be done by
involving equilibrium considerations for partitiongy between aqueous and non-aqueous phases in
the sediment compartment. However, for this tramsétion, information on specific
characteristics of the sediment concerned is need&s this information is not available, the
sediment toxicities of PAH-constituents of CTPHE aot considered in this dossier.

5.1.2 Toxicity data
5.1.2.1 Anthracene

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

Table 5.1: Aquatic Toxicity of Anthracene
Species Duration| Endpoint | Value Comment References
Freshwater organisms, acute
Daphnia pulex 245h EG, for 1 pgll Dark for 24 h, then | Allred &
immobility exposed to sunlight | Giesy, 1985
for0.5h
Freshwater organisms, chronic
Pimephales 6-w cont. | NOEC for 6.7 pgll 16:8 h light:dark,
: . Hall &
promelas flow hatching fluorescent light and Oris. 1991
UV-A+B radiation '
Daphnia magna 21-d Lowest 1.5-1.9 16:8 h light:dark and | Holst &
static NOECsor | ugll UV-A+B radiation Giesy, 1989
renewal | ECy,for Foranet al,
reproduction 1991
Pseudokirchneriellg 34-36 NOEC or 1.4-1.5 UV-A radiation Gala &
subcapitata hours ECy, for pgll Giesy, 1992
static growth rate
renewal | orprimary
production
Marine organisms, acute
Artemia salina 10 hours | EG 1.7 pgll In the dark for 2 h, | Peachy &
then exposed to Croshy,
sunlight for 8 h 1996
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5.1.2.2 Phenanthrene

The lowest chronic toxicity of phenanthrene hasnb&eserved by Halling-Sgrensenal (1996) in

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

13 pg/l and is based on measured concentrations.

Table 5.2: Aquatic Toxicity of Phenanthrene

Species | Duration‘ Endpoint ‘ Value Comment References
Freshwater organisms, chronic

Pseudokirchnerielld 2-d EG,for 10-720 Fluorescent light of | Halling-
subcapitata growth pall 4000 — 8000 lux; to | Sgrensemwt

some of the air tight | al., 1996
flasks HCO3- was
added to control pH

Pseudokirchneriellg 72 h EG, for 23 pgll Light intensity 6000 | Bissonet

subcapitata growth — 8000 lux al., 2000

Ceriodaphnia dubig 7-d EG, for 13 pgl/l Photoperiod 16:8 h | Bissonet
reproduction light:dark at less than al., 2000

500 lux

Marine organisms, acute

Neanthes 96-h LG 51 pgll Emery &

arenaceodentata Dillon,

1996

Marine organisms, chronic

Neanthes 8 weeks | reproduction 20 pg/l Some effects, only, Emery &

arenaceodentata one sublethal Dillon,

concentration tested -1996
limited validity of
test

5.1.2.3 Fluoranthene

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

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

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

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

UV-A+B radiation al., 1999

Freshwater organisms, chronic

Ceriodaphnia dubig 7-d EGo 1.2 pgll Photoperiod 16:8 h | Bissonet
reproduction light:dark at less than al., 2000
500 lux
Hyalella azteca 10-d LGo 1.1 pgll 16:8 h light:dark UV4 Wilcoxenet
A+B radiation al., 2003
Daphnia magna 21-d NOEC 1.4 ugll 12:12 h light:dark Speharet
growth UV-A+B radiation al., 1999
Pimephales 32-d ELS test | NOEC 1.4 pgll 12:12 h light:dark Speharet
promelas growth UV-A+B radiation al., 1999
Rana pipiens NOEC >25 pg/l Full sunlight
larvae hatching
Rana pipiens 100 % Full sunlight Hatch &
larvae mortality Burton Jr.,
at 5, 25, 1998
and 125
Ho/l
Marine organisms, acute
Mulinia lateralis 96-h LGo 2.8 ugll 16:8 hours light:dark,,
laboratory UV A and
B light Speharet
Mysidopsis bahia | 96-h LG 1.4 pgll al., 1999
Arbacia punctulata | 96-h LGo 3.9 po/l
Pleuronectes 96-h LG, 0.1 pg/l
americanus
Marine organisms, chronic
Mysidopsis bahia | 31-d NOEC 11.1 pg/l 16:8 hours light:dark,
reproduction :%t;]c:ratory fluorescent Speharet
- - - , al., 1999
Mysidopsis bahia | 31-d NOEC 0.6 po/l 16:8 hours light:dark,
reproduction laboratory UV A and
B light
5.1.2.4 Pyrene

With regard to acute effects, the most sensitiesHwater organism appears tolsphnia magna
with EGso values of 1.38 - 20 ug/l (Table 5.4). The lowesuta effect concentrations for
embryos/larvae of marine molluscs and neonateslinafpcrustaceans are reported in the range
0.23-36 pg/l and hence are similar to those obseimefresh water species in the presence of UV-
radiation.



Chronic toxicity data are reported for fresh watpecies with E¢ values of 1.2-2.1 pg/l and for
one marine oysterCrassostrep with a NOEC for shell development of 0.5 pg/l dog et al,
2002). As this latter NOEC value was the lowest foom a reliable study, it was chosen as the key
study.

Table 5.4: Aquatic Toxicity of Pyrene

Species Duration| Endpoint Value Comment References

Freshwater organisms, acute

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

for 24 hours
UV radiation for 2
hoursand 1 h

recovery
Daphnia magna 48 hours | EGgfor 2.710 20 neonates Nikkila et
immobility | g/l UV-B radiation al., 1999
four times two hours
Utterbackia 24-h LGy 2.63 pgll UV-A radiation Weinstein
imbecilis & Polk,
2001
Freshwater organisms, chronic
Pseudokirchneriellgd 72-h EGogrowth | 1.2 pg/l Light intensity 6000 | Bissonet
subcapitata — 8000 lux al., 2000
Ceriodaphnia dubig 7-d EGo 2.1 pgll Photoperiod 16:8 h | Bissonet
reproduction light:dark at less than al., 2000
500 lux
Marine organisms, acute
Artemia salina 3-h LG 8 g/l 2 hours in the dark | Kaganet
UV-radiation for one | al., 1985,
hour 1987
Artemia salina 10-h LGo 36 ug/l 2 hours in the dark | Peachy &
followed by eight Croshy,
hours with UV- 1996
radiation
Artemia salina 10-h EGo 3.4 g/l 2 hours in the dark | Peachy &

followed by eight Croshy,
hours with sunlight | 1996

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

Mulinea lateralis 48-h LCs 0.23 po/l Embryos/larvae Pelletieret
96-h 1.68 pug/l | Juveniles al., 1997

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

Marine organisms, chronic

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

The water solubility of chrysene is about 1.6 pgith a range between 1.0 and 3.3 pg/l (Maockiy
al., 2000). Around or below this value, no signifitaffects were observed for any species in a
regular toxicity experiment, although chronic towic studies were performed with algae,

35



crustaceans (includin@aphnig and fish. The only study, that showed a consliera&ffect of
chrysene, was a determination of the median |eim&l of neonates ddaphnia magngNewsted &
Giesy, 1987). In this experiment, the daphnids wexposed to one concentration of chrysene
(measured concentration of 0.7 ug/l). After 24 koof exposure with a 16:8 h light:dark
photoperiod, the animals were exposed to a mix 6fAJ, UV B and visible light. The median
lethal time after UV-radiation started was 24 hoditsus, after 48 hours, of which the last 24 hours
were with UV irradiation, 50% mortality of the daptls occurred at 0.7 pg/l. This type of study is
however not designed to determine dose-responasioredhips and hence quantitative data on
toxicity or toxicity threshold values cannot beided from the result.

Table 5.5: Aquatic Toxicity of Chrysene

to 0.7 pg/l chrysene)

After 16:8 hours

Species | Duration | Endpoint| Value | Comment | References

Freshwater organisms, acute

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

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

light:dark photoperiod
irradiation with UV A
and B + visible light

5.1.2.6 Benz(a)anthracene

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

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

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

Table 5.6: Aquatic Toxicity of Benz(a)anthracene
Species | Duration| Endpoint ‘ Value Comment References
Freshwater organisms, acute
Daphnia pulex 96 h EGo 10 pgl/l 12:12 h photoperiod| Truccoet
to mixed fluorescent | al., 1983
and natural light
Daphnia magna 48 h EGo >9.1 pg/l Dark Bissoet
al., 2000
Pleurodeles waltl | 6 d LG at 3.1 pg/l | Irradiation with UV- | Fernandez
(larvae) 100% A light throughout &
survival; experiment L'Haridon,
at 6.3 g/l 1992)
100%
mortality
Freshwater organisms, chronic
Pseudokirchneriellgd 72-h EGo growth | 1.2 pg/l Light intensity 6000 | Bissonet
subcapitata — 8000 lux al., 2000
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5.1.2.7 Benzo(b)fluoranthene

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

5.1.2.8 Benzo(ghi)perylene

Only in a small number of studies effects have h@#served at test concentrations within the water
solubility limit of benzo(ghi)perylene (Table 5.7 he EG, obtained in the Daphnia test is above
the water solubility of 0.14 ug/l. As regards chootoxicity of benzo(ghi)perylene, no effects were
observed in an early life stage study wihachydanio rerioup to concentrations of 0.16 ugl/l
(Hooftman & Evers-de-Ruiter, 1992). However, effecin the reproduction of the crustacean
Ceriodaphnia dubiavere reported by (Bissoet al, 2000) with a resulting Ef value of 0.082
pg/l. This study was chosen as the key study fas3essment.

Table 5.7: Aquatic Toxicity of Benzo(ghi)perylene

Species | Duration| Endpoint ‘ Value | Comment References
Freshwater organisms, acute
Daphnia magna 48 h EGo >0.2 pg/l Dark Bissoet

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

parallel, followed by
96 h exposure with
concomittant UV

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

5.1.2.9 Benzo(k)fluoranthene

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

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

Species Duration| Endpoint \ Value Comment References

Freshwater organisms, chronic

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

Brachydanio rerio | 42 d LGo 0.65 ug/l ELS & Evers-de
ECyoweight | 0.31 pg/l Ruiter,
ECyplength | 0.17 pgll 1992

5.1.2.10 Benzo(a)pyrene

Table 5.9: Aquatic Toxicity of Benzo(a)pyrene

Species | Duration| Endpoint | Value Comment References

Freshwater organisms, acute

Daphnia magna 27h EGo 1.2 pgll 16:8 hour light:dark| Wernersson,

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

Freshwater organisms, chronic

Pseudokirchneriellg EC,ogrowth | 0.78 ug/l Light intensity 6000 Bissonet al,

subcapitata — 8000 lux, cool 2000

white fluorescent
lamps

Oncorhynchus 36d NOEC 1.5 pgl/l ELS Hannahet

mykiss ECo* (2.9 ug/l, | *determined from pre4 al., 1982
abnormalities| calculated, | sented data with log-

above WS) Iogis_tic do_se-response
relationship (The
Netherlands 2008)

Ceriodaphnia dubia 7-d EGo 0.5 pgl/l Laboratory light Bissonet al,

reproduction Photoperiod 16:8 h | 2000
light:dark at less
than 500 lux

Marine organisms, chronic

Crassostrea gigas | 48 h NOEC 1 pgll Embryos Lyonset al,
shell 12:12 hour 2002
development light:dark
ECwo 1.1 pgll fluorescent light

without UV rad.

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

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

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

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

As the study on shell development of the marinelusolCrassostrea gigasesulted in the lowest
reliable chronic Eg value (0.22 pg/l) it was chosen as key study fas3essment.

5.1.2.11 Dibenzo(a.h)anthracene

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

et al, 1997). No effect was observed at concentratigmsto 0.032 pg/l in a 7-d study with
Ceriodaphnia dubia (Bisson et al, 2000). The 72-h Ef for the growth rate of
Pseudokirchneriella subcapitataas 0.14 pg/l (Bissoat al, 2000). In both the test wil@d. dubia
and P. subcapitataconcentrations were measured. As the study vA#eudokirchneriella
subcapitataresulted in the lowest reliabbdronic EGgvalue it was chosen as the key study.

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

Species | Duration| Endpoint | Value | Comment \ References
Freshwater organisms, acute
Daphnia magna 27h EGo 1.8 pgl/l 16:8 hour light:dark | Wernersson

followed by 2 hour | 2003
UV-A B radiation
and 1 hour recovery
Daphnia magna 28 h EGo 4.6 pg/l 16:8 hour light:dark | Wernersson
followed by 2 hour | & Dave,
UV-A B radiation 1997

and 2 hour recovery

Freshwater organisms, chronic

Pseudokirchneriellg 72 h EGogrowth | 0.14 pgl/l Light intensity 6000| Bissonet
subcapitata — 8000 lux al., 2000

5.1.2.12 Indeno(1,2,3-cd)pyrene

Table 5.11: Aquatic Toxicity of Indeno(1,2,3-cd)psene
Species | Duration| Endpoint | Value Comment References
Freshwater organisms, chronic
Pseudokirchneriellg 72 h EGogrowth | 1.5 pgl/l Light intensity 6000+
subcapitata 8000 lux :

- - . - Bissonet
Ceriodaphnia dubig 7-d EGo 0.27 pgll Photoperiod 16:8 h al. 2000

reproduction light.dark at less thanf
500 lux

For indeno(1,2,3-cd)pyrene, a chronic g@alue of 1.5 ug/l is reported for growth of theas
Pseudokirchneriella subcapitaia a study of 72h duration. The 7-d EBQor reproduction of the
crustacearCeriodaphnia dubiavas 0.27 ug/l (Bissoat al, 2000; see Table 5.11). In both studies
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concentrations were measured. The study with tivedd EG,, i.e. reproduction o€eriodaphnia

dubia was chosen as key study for T-assessment.

5.1.3 Summary and discussion on aquatic toxicity

An overview on the aquatic toxicity obtained in #ey studies selected for the PAH-constituents of

CTPHT is provided in Table 5.12.

Table 5.12: Aquatic toxicity of the PAH-constituetts of CTPHT observed in the selected key

studies

Substance Value Key study endpoint

Anthracene 1.5 pgl/l EgreproductionDaphnia magna21-d

Phenanthrerte 13 pg/l EG, reproductionCeriodaphnia dubiay-d

Fluoranthene 0.6 pgl/l NOEC reproductibtysidopsis bahia31-d

Pyrene 0.5 ug/l NOEC shell developmetitassostrea gigas larvae
48-h ELS

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

Chrysené - No significant effects up to the water solubiliti/the
substance detected in any regular toxicity testy On
study in which considerable effects were detectad &
median lethal time (LJp) study with Daphnia magna

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

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

Benzo(k)fluoranthene 0.17 pgl/l Efyrowth (length) Brachydanio rerio42-d

Benzo(ghi)perylene 0.082 g/l EfeproductionCeriodaphnia dubia7-d

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

Indeno(1,2,3-cd)pyrene 0.27 pgll E@eproductionCeriodaphnia dubiay-d

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

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

5 The lowest chronic values reported argHa@r Pseudokirchneriella subcapitat# 10 pg/l (Halling-Sgrensest al.,
1996)

6 No results from toxicity studies available thauld be used for comparison with the T-criteriaREACH Annex
XII.
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6 CONCLUSIONS ON THE SVHC PROPERTIES

6.1 PBT/vPvB assessment

6.1.1 Assessment of PBT/vPvB properties — comparison wittme criteria of Annex XII|

No information on persistence, potential for biaanalation and aquatic toxicity was found for
CTPHT itself. Therefore, the PBT assessment foPKET focuses on the assessment of its PAH-
constituents present in concentration3.1% (see Section 1.2).

6.1.1.1 Persistence

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

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

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

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

6.1.1.2 Bioaccumulation

Experimentally obtained BCF values above 5,000 meorted for the following 10 PAH-
constituents of CTPHT:

Matrix: fish
Fluoranthene Pyrene
Phenanthrene

Matrix: molluscs:
Fluoranthene Benzo(a)pyrene
Pyrene

Matrix: crustaceans:

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

Furthermore, experimentally obtained BCF value @2000 have been reported for anthracene
and it has already been agreed by the Member Statenittee (MSC, 2008) that anthracene fulfills
the PBT-criteria and, hence, the B-criterion.

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

6.1.1.3 Toxicity

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

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

Indeno(1,2,3-cd)pyrene

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

Some of the PAH-constituents of CTPHT are classiis a carcinogen, mutagen or as toxic to
reproduction in Annex VI of Regulation (EC) No 127Q08.

Table 6.1: Classification of PAH-constituents of CPHT as Carcinogen, Mutagen or as Toxic tq

Reproduction

Substance Carcinogen Mutagen Toxic To
(Category 2, (Category 2, Reproduction

Respectively 1B) Respectively 1B) (Category 2,
Respectively 1B)

Benz(a)anthracene X

Chrysene X X

Benzo(a)pyrene X X X

Benzo(b)fluoranthene X

Benzo(k)fluoranthene X

Dibenzo(a,h)anthracene X

Based on the available experimental aquatic toxidata and the data on classification, it is
concluded that 11 of the 12 indicator PAH-conshtgerelevant for the assessment of CTPHT
(apart phenanthrene) fulfil the T-criteria of Anngill of the REACH Regulation [long term

NOEC for aquatic organisms < 0.01 mg/l or substariessified as carcinogenic (cat. 1 or 2),
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mutagenic (cat. 1 or 2) or toxic to reproductioat(cl, 2 or 3) or there is evidence of chronic
toxicity as identified by the classifications T, &dr Xn, R48 according to Directive 67/548/EEC

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

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

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

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

Phenanthrene fulfils the vPvB criteria, but not BH&T criteria. Anthracene fulfils the PBT criteria,
but not the vPvB criteria.

7 In the CLP Regulation (1272/2008), classificasidim, R48] and [Xn, 48] have been replaced by [STRH 1,

H372] and [STOT RE 2, H373] ([Hazard Class, Haztedement]) respectively. No one of the PAHs aduh@sn
this PBT assessment is classified as such.

STOT RE 1,2: Specific target organ toxicity — repdaexposure; H372: Causes damage to organs through
prolonged or repeated exposure; H373: May causagato organs through prolonged or repeated exposur
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For benzo(b)fluoranthene, dibenzo(a,h)anthraceme] adeno(1,2,3-cd)pyrene no definitive
conclusion on their PBT/vPvB properties is possilige to lack of data relevant for P/vP and/or
B/vB assessment in accordance with Annex Xl ef REACH Regulation.

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

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



Part |l

INFORMATION ON MANUFACTURE,
USES, EXPOSURE, AND ALTERNATIVES

45



7 INFORMATION ON MANUFACTURE, IMPORT/EXPORT AND
USES — CONCLUSIONS ON EXPOSURE

7.1 Information on manufacture, import and export of CTPHT

7.1.1 Manufacture, import and export of CTPHT

7.1.1.1 Manufacturing Sites

CTPHT is the residue from the distillation of higgmperature coal tar (see Annex 4 for further
details about CTPHT manufacturing process).

Within the European Union (EU), coal tar distiltati currently occurs at 11 manufacturing sites,
owned by seven different companies, in nine Meng@tates. These sites have a total distillation
capacity of around 2,475 kilotonnes per year (ktfgee Table 7.1); the actual manufacture
(distillation) of coal tar derivatives is howevepand 2,000 kt/yr (Jacobs, 2006; Stompel, 2008).

Table 7.1: Location and manufacturing capacity otoal tar distillation plants in the EU-27

No Company Location \ Country Capacity (kt/yr)
1 Company A Castrop Rauxel Germany 500
2 Company A Zelzate Belgium 240
3 Company A Blachownia Poland 90

4 Company B Nyborg Denmark 225
5 Company B Scunthorpe UK 90

6 Company B Port Clarence UK 160
7 Company C Trubia Spain 370
8 Company D Luchana Spain 100
9 Company E Valasske Mezirici Czech Republic 460
10 Company F Uithoorn Netherlands 140
11 Company G Galati Romania 100
Total distillation capacity 2,475
Source: Stompel (2008)

7.1.1.2 Manufacture, import, export and use of CTPHT

Table 7.2 sets out the manufacturing capacity artdad manufacture of CTPHT manufacturing
sites in 2005 (Jacobs, 2006).

More recent figures indicate a total manufacturel @00 kt/yr of CTPHT within EU (Stompel,
2008).

With regard to the import/export balance of CTPE EU Risk Assessment Report (RAR, 2008)
notes that in 2004 import and export of CTPHT friona’ EU were respectively around 92 kt/yr and
355 kt/yr; the RAR estimated the total EU use ofPEIT to be around 554 kt/yr (RAR, 2008).

More recent information by Stompel (2008) suggebi around 300 kt/yr and 50 kt/yr are

respectively exported and imported. In either c&tétotal use is generally around 65 - 75% of EU
manufacture.
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Table 7.2: Location, manufacturing capacity and atual manufacture of CTPHT in the EU-27

No Company Location Country g(%s%cny ?l/l(f;;rl;facture
1 Company A Castrop Rauxel Germany 250 200
2 Company A Zelzate Belgium 120 920

3 Company A Blachownia** Poland 80 47.5
4 Company B Nyborg Denmark 120 76

5 Company B Scunthorpe UK 50 28.8
6 Company B Port Clarence UK 90 51.2
7 Company C Trubia Spain 180 125
8 Company D Luchana Spain 55 47.5
9 Company E Valasske Mezirigi Czech Republic 230 022
10 Company F Uithoorn Netherlands 70 50
11 Company G* Galati Romania

Total EU-27 capacity / manufacture 1,245 936

Source: Jacobs (2006)

* Latest information suggests that this plant iswnidle and unlikely to be active before 2012 - liggin mind the
current economic conditions and attempts to temglgreeduce steel production by 50% (there was, &osv, some
prior discussion relating to expanding the tar diation plant’s capacity).

** This tar distillation unit shut down in Novemb26007 and restarted March 2008. It is now undeydtthat this
site has now been shut down, possibly permanefithere is, however, a pitch upgrading plant (a demgcuum
distiller) and pitch solidification plant which istill in operation adjacent to this site. No sificant activity has
occurred there this year (2009) and with the clesaf the Blawchonia site, this site can only woéiTP is brought
in from other plants within or outside Europe.

Table 7.3 provides a summary of the market figlioesCTPHT in EU, for years 2004 (RAR) and
2008 (Stompel):

Table 7.3: Table summarising trends in EU manufactre, trade and use of CTPHT

2004 (RAR) 2008 (Stompel) 2004 (RAR) 2008 (Stontpe
EU total 817 kt 1,000 kt 100% 100%
manufacture
Export  outside| 355 kt 300 kt 43% 30%
EU
EU sales 462 kt 700 kt 57% 70%
Import into EU 92 kt 50 kt 11% 2-5%
EU total
consumption 554 kt 750 kt 68% 75%
(Import + EU sales)

7.1.1.3 Estimated future trends

In the years leading up to 2008, there had beanaease in the use of coal tar (since a historical
minimum in 2002) and in the first part of 2008 teasly demand for coal tar products with the price
of coal tar going down was observed (Stompel, 200Bformation received from a number of
producers and downstream users of CTPHT-basedradest confirms that the consumption of
CTPHT during the three years (prior to 2009) waady. However, the recent economic downturn
has resulted in changes to the current trend, ssiduture projections.
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In terms of manufacture, the total volume risesnfieround 817 kt/yr in 2004 (RAR) to around 936
kt in 2006 (Table 7.2, Jacobs, 2006) and then éurth 1,000 kt (Stompel, 2008). This suggests a
steady increase in the use of coal tar pitch overlast four years, but is also due to adhesion of
Romania to EU in 2007. Similarly, in terms of maattiring capacity, the total EU manufacturing
capacity of CTPHT in 2004 was 1,127 kt while, ir020it was estimated at around 1,245 kt/yr
(Jacobs, 2006).

As far as imports are concerned, Stompel (2009stitat, a few years ago, it was estimated that
around 50 kt of CTPHT were imported into the EUnirlkraine; but, more recently, Ukraine has
been exporting more to Russia which may suggesteedse in Ukrainian exports into the EU.

In terms of downstream uses of CTPHT, the aluminindustry is the largest single downstream
user sector for CTPHT; aluminium manufacture isyeéfore, a key factor on the demand side (as is
steel production, on the supply side) for the am@irfCTPHT manufactured (as noted in Annex 3
all coal tar products are produced in relativekedl proportion to CTP). For instance, in 2007, the
demand of CTPHT was expected to grow as a funatiogrowth in aluminium manufacture.
However, the recent economic downturn has resutteldwer sales of carbon pitch as smelter
closures and curtailments and overall lower demanend markets have impacted on customer
volumes. CTPHT manufacturers have in turn takemsst® reduce such impacts, including
temporary plant shutdowns at some sites (Kopp©€G32).

Downstream users of CTPHT have also confirmed tima®009, due to the general economic
situation, a significant decrease in CTPHT consimngs expected; after the economic recovery, a
slight increase in the use (compared to 2008) meeted over the next five years. The impacts of
this downturn may vary from company to company delpgg on their end markets and extent of
exposure; for instance, one manufacturer of CTPHppkes over 90% of its CTPHT to the
aluminium industry, typically under long-term caaatts ranging from three to five years.

However, discussing the trends on demand of CTRHS ,important to note that in the event that
there is a total lack of demand for CTPHT (e.g. fiegulatory or market reasons), coal tar will
continue to be manufactured as a by-product otta carbonisation process and alternative uses
(or treatment) would have to be found for CTPHTniréhe distillation process. In this regard,
Stompel (2009) notes that coal tar can be utiliseal number of different ways (for instance, in a
total downturn in demand in the end markets) incigd

e use as a substitute for pulverised coal injectitms (technology is applied in certain
steelworks on the condition that the water confentar) is below a certain level);

» use as a fuel in other industrial applications;

* being returned to the coke making process (whehtao@s mixed with coal, it improves the
quality of the coke); and

» use as carbon black feedstock (this is a majoriislapan and China where more than 2
million tonnes are utilised in this way).

Prior to the economic downturn, Koppers (2008) ¢atkd that the future expansion of the CTPHT
market will be in Asian and Middle Eastern courgyirowever, this may no longer be the case as a
three to four year delay on new aluminium projestthe Middle East is now expected (Stompel,
2009). It is also worth noting that (due to procggsergies, as described earlier), when the demand
for steel increases, there is a general correlatitimthe supply of metallurgical coke and thus enor
coal tar is produced. In this context, the decdy a major international steel company to reduce
operations and temporarily lower production by 5®tandard, 2008) could mean lower supplies
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of coal tar. Stompel (2009) notes that there taaly a world over-supply of coal tar of some six
to seven million tonnes/year. Even if the entire &llde making industry is removed, there will still
be sufficient coal tar although some EU tar procgssompanies will be affected economically and
could go out of business.

With regard to the position of EU manufacturingtive global market, it is worth noting that in
1975, Western Europe alone had 19 coal tar produanits with a distillation capacity of 3,000
kt/yr, Eastern Europe had 11 units with a distdlatcapacity of around 1,700 kt/yr and the old
Soviet Union had 15 units with a production capaot around 3,300 kt/yr. Between 1975 and
2005, around 3,400 kt of distillation capacity gigaared from the European tar industry and China
has replaced Europe as the main producer and pacescoal tar accounting for over 50% of the
global market (Stompel, 2008). Furthermore, Ukralmne has nine coal tar processing plants with
a capacity of 1,350 kt/yr while Russia has eiglangg with a production capacity of 1,850 kt/yr
(Stompel, 2008). Europe (Western and Eastern)wsthought to account for around 12% of world
coal tar production (Jacobs, 2006; Stompel, 2008).

7.1.2 Releases from manufacture of CTPHT

No information on releases from manufacturing sibes been provided by manufacturers of
CTPHT during the development of this dossier. IUZI(2000), however, indicates that, as CTPHT
is manufactured under vacuum in closed systemse taee only two possible point sources of
exposure to CTPHT:

a) dust generated while handling solid pitch; and
b) fumes evolved when pitch is stored as liquid.

Both are controlled by using exhaust ventilatiostegns or anti-dust oil sprayed on the products
(for dust) and by scrubber systems (for fumes) (WG 2000).

The RAR for CTPHT considers releases of polycyaliomatic hydrocarbons (PAHS) relevant to
CTPHT. According to the RAR (2008), at coal tar qassing facilities (where CTPHT is
manufactured), many other (coal-tar related) prtslace produced and all these different activities
contribute to the total release of PAHs by a giv&cility. As CTPHT is the final product that
remains after several distillation steps, it isfidifit to consider it separately from all the other
production steps in coal tar processing. Any reggbfigures in the RAR do not, therefore, represent
emissions from the production of CTPHT per se, ttt whole process of coal tar processing
(RAR, 2008).

However, it appears to be the case that there mres®n management measures in place at the
production sites of CTPHT. It appears that fortladl sites indicated in the RAR gaseous emissions
from process point sources are collected to sonenexand treated either through incineration or
via scrubbers. Similarly, for all the sites, wastater is either treated in an off-site municipal
sewage treatment plant, an off-site industrial easater treatment plant or on-site and emitted to
the local receiving water (RAR, 2008).
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7.2 Information on uses and releases from uses of CTHH

7.2.1 Uses of CTPHT

Taking into account the information obtained fromliterature review and provided during
consultation, this section:

» describes the uses (and functions) of CTPHT irechffit applications;

» estimates the total quantities of CTPHT being usezhch application;

» provides the past and future trends for the uségrgvknown); and

» describes the structure of the supply chain (andiater-linkages between processes,
where known).

7.2.1.1 Summary

CTPHT is mainly used as a binding agent (ca. 95 Smaller volumes are used as heavy duty
corrosion protection agent (ca. 1 %) and, e.g. @dioinal preparations. The use of CTPHT mainly
involves industrial and to a lower extend profesalaisers; according to the information available,
consumer uses of CTPHT are limited to very speaifses (clay target shooting, medicinal

preparations and, perhaps, roofing and heavy dutgpsion protection products).

At the global level, it appears that CTPHT is ugkatob, 2006):

* in the production of electrodes, for around 85%heftotal quantities used in EU;
* in a variety of other applications, for the remami~15 % CTPHT used in EU.

Table 7.4: Table summarising use applications foETPHT and tonnages used
Use application El_Jl_r}l_)C:;_(l)_n of 'g‘g%il{g::;stlt_ykl:)sed % of total use
Electrodes
Prebaked anodes Binding agent 400.0 53.3%
incoam” o Ol lectodBinng s081L | 200,
products other than electrodes) (other products: 23.0) (other products: 3.1%)
Sgderberg electrodes Binding agent 50.0 6.7%
Refractories Binding agent 37.5* 5.0%
Active carbon/carbon fibres Starting materiai2_8* 1.7%
/ Binding agent
Paints and coatings Anti-corrosion 7.5* 1.0%
Briquettes Binding agent 6.8* 0.9%
Clay targets Binding agent 6.0 0.8%
Roofing Coating
(waterproofing) /| 5.3* 0.7%
Adhesive agent
Road construction Binding/Sealing 1 5% 0.2%
agent
Other (including medicinal) ** 22.7 3.0%
Total EU Consumption 750 100%
* Tonnages derived from percentages given for EUIETBales in 2003 in the RAR (2008)
** This also reflects the possibility that, for seraf the use applications where no up-to-date Hambeen received, there may have
been more significant upward changes in the tonsarged since 2003
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Table 7.4 provides a comprehensive summary ohallapplications in which CTPHT is used and
the relevant tonnages.

Figure 2 summarizes in a graphical way the mass fitw the uses of CTPHT in the EU:

CTPHT
EU Production

1,000 kt

Export
300 kt
Import
<50 kt
\ 4

EU Consumption

~750 kt

Coking Special Mixed
FD Pitches With oils

. » Pitch-Oil Roofing Tars
Electrode Pitch Soft Pitch, Refractories ¢
~650 kt Plasticised Pitch, ~38 kt Blends/Other ~5 kt
Mesophase Pitch, <25 kt
i etc Active Carbon
: ~13 kt
¢ ~75 kt » Paints/Coatings
! Briquettes
Prebaked i Soderberg Graphite > ,\?7 kt
Electrode i  Electrode Electrode
~400 kt ~50 kt ~200 kt Clay Targets ,. Road Tars
CA— ™ ~6kt ~2 kt
Aluminum<....E Anti-corrosion
Industry ~8kt T
~390 kt
—» Road Binders------==============nnne
Paints/ Calcium Fine Electrosteel l
Coatings Carbide Chemicals Metal Other
Production Production Production Industry

Figure 2: Mass flow diagram of the uses of CTPHT

Key points to bear in mind relating to Figure 2:

» anti-corrosion and paint/coatings are discusseetiay in Section 7.2.1.2.4 (as are road
binders and road tars in Section 7.2.1.2.7); howedifferent types of pitch may be used in
these applications. This is the reason for thangidotted lines in Figure 2; and

» electrode pitch may either be supplied directlhythte aluminium industry (shown by dotted
lines) or as prebaked electrodes.

To enable manufacturers and importers of substatcggoduce and use standardised generic
exposure scenarios under REACH, a standardisedlesaiptor system has been published by
ECHA (Guidance on Information Requirements and GbahSafety Assessment, Chapter R.12.).
The use description is based on four elements:

» sector of use (SU);
» chemical product category (PC), supplemented by BAGd UCN codes as appropriate;
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» process category (PROC); and
 article category (AC), with separate lists for @es with intended release of substances and
for those without such release, supplemented bylCA#®des as appropriate.

For each of the uses of coal tars identified inftll®ewing sub-sections, Annex 5 provides the four
use descriptors described above and an indicafiarhether or not these entail consumer exposure
(to the coal tars).

7.2.1.2 Detailed description of uses

7.2.1.2.1 Production of €l ectrodes

a) Function and applications

CTPHT is mainly used as a binding agent in the pctdn of electrodes (whether anodes, cathodes
or graphite electrodes) which are mainly used m phoduction of primary metals, ferro-alloys,
non-ferrous metals, metal alloys, calcium carbiae silicon carbide (RAR, 2008).

There are three main types of electrodes, whichpasduced using different processes, contain
different levels of CTPHT, and are used in varyapplications (RAR, 2008):

» Sgderberg electrodes are manufactured by heateen graste (which itself is produced from
coal coke or petroleum coke and up to 28% of CTPtdTg temperature between 100°C and
150°C, after which it is pressed into the desimedhfand allowed to cool;

» prebaked electrodes are produced using the sarea geste (in this case, with around 15%
CTPHT); however, the green electrodes are bakdéarge furnaces at a temperature of about
1,100°C in the absence of air for up to four weekspen or closed top ring furnaces; open
furnaces account for 60% of prebaked anodes produering the baking process the coal
tar is converted into coke, making the materiatteleally conductive. There is a 5% loss in
weight due to loss of volatiles in the&%aand

e graphite electrodes are obtained after additiomgirégnation with pitch, followed by re-
baking and consecutive graphitisation at tempeeatwf around 2,800°C for several days,
usually carried out in Acheson or Castner furnagesaphite electrodes are produced from an
average of 20 - 30% coal tar pitch and 70 - 80%setfoleum coke. Single chamber, pit and
closed ring furnaces are used for the baking psocasnel furnaces are used for small-scale
production of speciality carbon.

In terms of downstream use:

» Sgderberg electrodes are commonly used in submeefgdric arc furnaces (e.g. for
production of ferro-alloys) and in the electrolypi®cess for primary aluminium productipn

8 When CTPHT is heated, coal tar pitch volatiles @leased. The volatiles and particulates ar¢ ikefhe ovens
(under pressure compared to outside the ovens)ewthewy are burned as fuel, with the remainder besémgoved
and passed through a filter system (The Nether|&2@B38b).

9 |tis estimated that ( Jacobs, 2006):

52



« prebaked electrodes are mainly used as anodeBriargraluminium productich and

* baked graphite electrodes are used in electriduanaces for the production of a variety of
products such as ferro-alloys, silicon carbide ealdium carbide and phosphorous. Graphite
electrodes are used in electric arc furnaces ®pthduction of steél.

It is important to note thaither specialist carbon and graphite products tiactrodes are
produced in a similar way than graphite electroddgese are used in many, primarily high
temperature, processes including: moulds, furnaeetsp seals and brushes, silicon
manufacture, oil drilling, metallurgical processet;. (ECGA, 2009). Due to the similarities
in the manufacturing processes and the subsequigictltes in finding separate detailed
data for these two applications, the uses of CThiHIbaked graphite electrodes and other
carbon and graphite products have always beerettdaether in the rest of this report;
however, when it was possible, more precise inftionaon these applications have been
included.

b) Volumes

The RAR estimates that the manufacture of elecgr@oheluding anodes) accounts for 87% of EU
total sales of CTPHT.Applying these percentage-(83%) to the current EU consumption figure
(=750 kt) of CTPHT suggests that arouds0 kt of CTPHT is actually used in the EU in the
production of electrodes.

The largest single application of CTPHT is its usehe production of anodes for the aluminium
industry. The RAR (2008) estimates that this us®ats for around 322 kt of EU sales of CTPHT
(excluding imports). More recent information prosblby the European Aluminium Association
(EAA, 2009) indicates that aluminium plants in 8EA currently account for around 390 kt/yr of
CTPHT (including imports, which account for arousih (or ~20 kt)) used in the manufacture of
around 5 million tonnes of primary aluminium.

In terms of repartition between the different temlbgies, EAA (2009) estimates that, for the
anodes consumed by the aluminium industry, prebalemies account for around 95% of EU
production, while Sgderberg accounts for the remgi®%. Prebaked anodes can, therefore, be
calculated to account for arouB@O0 kt/yr while Sagderberg electrodes for arod@tkt/yr.

The second largest use of CTPHT is in the manufaatt carbon/graphite electrodes used for the
production of a variety of products, such as stieetp-alloys, silicon carbide, calcium carbide and
phosphorous. The RAR (2008) estimates that thisagseunts for around 81 kt of EU sales of
CTPHT (excluding imports). However, responses kamkifrom individual companies during a
consultation made for the purpose of this repocbanted for around 177 kt of CTPHT being used
in this application; table 7.5 below summarizesittiermation from the mentioned consultation:

» depending on which aluminium smelting technologused, around 450 kg to 500 kg of anodes are coegum
for every tonne of primary aluminium metal produced

» CTPHT consumption using the Sgderberg proces®imdrl56 kg/t of aluminium manufactured and 10@ &b/
aluminium for prebaked anodes.

10 1t is estimated that 3 to 5 kg of electrode miatés consumed to produce 1 tonne of steel (Fraa&ktadelhofer,
1987
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Table 7.5: Tonnages of CTPHT used in the manufacta of electrodes by Downstream User companies whigh
responded to consultation

Companies Country** ;I'k(:)nnage End use application/sector for CTPHT

Company A UK 0.6 Production of electrodes for falmicals production

Company B Spain 3.5 Production of coal anthracidgined/graphite based electrodes
Company C Norway 0.4 Production of carbide

Company D Germany 18 Production of Sgderberg, cégbaphite electrodes and furnace linings
Company E France 13.5 Production of graphite eddets

Company F France 31.2 Production of graphite eddes and shapes

Company G Slovakia 0.5 Production of carbon anifical graphite

Company H* | Germany 0 Production of calcium carbide

Company | Germany 9 Production of graphite eleasod

Company J Switzerland 100 Production of carbonhgtegelectrodes, cathodes and specialities
Company K Sweden 0 Production of graphite elecsode

Company L Germany 0.2 Production of calcium carbid

TOTAL 176.9

* Unknown content of CTPHT in electrodes

** Note that for confidentiality reasons the coues have been scrambled and do not, therefore,mthecorresponding tonnages

ECGA (2009) considers that this figure of 177 kbwdd be considered as ‘indicative’ (as opposed
to ‘definitive’) of the amount of CTPHT used. It be noted that the above tonnage is stillyikel
to be an underestimate of the total amount of eldet used in the EU as no information has been
received from the steel industry - where graphigeteodes are employed in electric arc furnaces.

The contribution of the production of other spastatarbon and graphite products (such as seals,
brushes, etc.), which appear to be produced irEthdor an annual capacity of around 2 million
tonnes, has also to be taken into account. Thereiois considered that arou200 kt of CTPHT

per year are currently used for carbon and graghétetrodes and other product applications.

In summary, it is estimated that:

» around 650 kt of CTPHT is used in electrode martufadn the EU;
= around 400 KRE of this is used in prebaked anodes;
= around 200 kt is used in carbon and graphite eldes and other products; and
= around 5@ kt is used in Sgderberg electrodes;

» from the 400 kt used in prebaked anodes; arounckB8®used in aluminium smelters, with
the remaining 30 k& going to other uses (e.g. steel production);

» from the 200 kt used in carbon and graphite eldetspthe 177 kt accounted for in Table 7.5
covers the majority of graphite electrodes used the production of ferro-alloys,
silicon/calcium carbide and phosphorous; the red&in(23 kt), however, covers other
graphite products such as seals, brushes and sipndducts which are also produced in a
similar way as graphite electrodes (and any otkes winaccounted for); and

11 Estimation made on the basis of available figfimeshe use of prebaked anodes in aluminium inglust
12 650 kt/yr — (400 kt/yr + 200 kt/yr)
13 400 ktiyr — 370 kt/yr



» from the 50 kt used in Sgderberg electrodes, ar@0rkt is used in aluminium smelters, with
the remaining 30 kt going to other uses (e.g. fodpction of ferro-alloys and steel).

c) Trends

With regard to the aluminium industry, the EAA (8)ndicates that there has been little change in
the demand for/use of CTPHT over the past five gjdaowever, they predict a possible downward
trend over next five years due to capacity redudtioEurope.

For the carbon and graphite companies which resab(ak listed in Table 7.5), they indicated that
the consumption of CTPHT during the last three ye@as quite stable. In 2009, due to the general
economic situation, a significant decrease is ebgoedhowever, after the economic recovery, a
slight increase in the consumption (compared tB280forecast over the next five years

The use of CTPHT in electrodes is, however, expgetdecontinue for the foreseeable future as

industry indicates that there are no suitable rétieves. All the responding companies (in Table

7.5) (as well as the EAA) stated that their enddpots depended on CTPHT and that in the event of
a refused authorisation, they would have to shwtrdproduction and the required preparations

(paste)? or articles (electrodes) would then be importeanfrindia, China and Russia (where they

are already today produced at lower costs). Th@eexthe situation to be the same for steel and
aluminium industries.

On the global front, analysts recently projecteat gduminium prices are likely to stay strong over

the next few years due to growth in Chinese denaawadsupply constraints from tight raw material

and energy markets. By 2010, world aluminium praéidimcwas expected to increase to 40 million

tonnes (4.7% annual growth from 2005) and consdtyu¢he demand for CTP would increase to

4.4 million tonnes (a 0.9 million tonnes increagdcobs, 2006). However, it is likely that the

current problems with world economies might affdetse projections and consequently, demand
for CTPHT.

d) Structure of the supply chains involved in that use
The supply chain for electrodes would appear to fimm:
» themanufacturer(s) of the CTPHT (11 sites across the EU); to
» thesupplier(s)®> of the CTPHT: information provided by some downstream userscatds
that the CTPHT is delivered directly (from the gaxf manufacture) to the manufacturers of

the electrodes (anodes) using special trucks ieagelkd conditiotf. EAA (2009) indicates that
there are nine such suppliers of CTPHT in Europg@fonary aluminium production; to

14 provided that this paste is a preparation inséiese of the REACH Regulation, then the authoosatquirement
would also apply to placing on the market and d$€T?PHT in the imported preparation.

15 According to the available information, ‘supptielare either the manufacturers of the CTPHT (oe of their
dedicated subsidiairies) themselves or indeperatents, which are ‘distributors’ in the sense ofARH.

16 The RAR (The Netherlands, 2008b) notes that afistillation, the pitch is pumped into storage ksirand
maintained at 200°C. Some of this pitch is detidevia tanker or exported as a molten liquid blyegitroad tankers
or ships. Other pitch is solidified into “pencilsi’ a pencilling plant. Using enclosed conveydtdehese ‘pencils’
are transported to a storage warehouse or to guiipg lorries or another conveyor belt).
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theformulator(s)/supplier(s) of the green pastgor block): anode production consists of the
three production steps: anode paste productiordeafarming and anode baking (Fisclegr

al, nd). Although all three steps are likely to tgdtece at any integrated site (or smelter); it is
possible that paste production and forming can tEke place at a separate ‘paste plant’ and
the cooled green paste (or block) is then supptiexh anode baking plant; to

the producer(s) of the electrodes or anodes (i.e. anod@king plants). some companies
specifically produce and ship anodes to their qusts (such as the aluminium production
sites). On the other hand, some anode baking pématdirectly linked to aluminium smelters
(and are considered an integral part of the alwminproduction process (JRC, 2008). The
manufacture of graphite electrodes can also taieepat sites where anode baking occurs.
The number of such sites in the EU is currentlylesug to

users of the electrodes - where this includeshall groduction sites for aluminium, steel,
carbide, etc. (although, some production sites alag undertake the formulation of green
paste and manufacture of electrodes/anodes). Aiogptd JRC (2008), at the beginning of
1998, 22 primary aluminium smelters were operatmghe EU and a further eight in the
EEA. Some of these companies operate plants irerdifit European countries or have
subsidiaries or branches in other parts of thedyant are part of international co-operations.
In Western Europe, Norway appears to be the laygestucer of primary aluminium (1,190
kt in 2003) and other primary aluminium producinguotries in the Western Europe are
Iceland and Switzerland producing (266 and 44 kimary aluminium respectively);
altogether these three countries represent ~37%/edtern Europe’s primary aluminium
production (The Netherlands, 2008). There are at@@® European companies whose annual
production of secondary aluminium is more than Q,@hnes per year (JRC, 2008). Norway
also appears to be the largest ferro-alloy andfamous metal producer in Western Europe;
the majority of these ferro-alloys are producedeiectric arc furnaces (EAF) applying
Sgderberg electrodes (The Netherlands, 2008); and

in arecycling step, some used anodes are returned to the mamefacof the electrodes (for
instance, to produce new prebaked antijleSarbon dusts from anode recovery and cleaning
operations can also be re-used in steel furnaceslags modifiers or as carburistls
alternatively, these materials can find use in ggrkins as substitute fuels (Alcan, 2003);

waste stageanodes which are not re-used are treated as aadtsubject to waste legislation
requirements (Alcan, 2003).

As far as production of other carbon and graphittedpcts (such as seals, brushes, etc.) is
concerned, it appears to involve 88 sites in ELC(JEO08).

17 Note that CTPHT used to manufacture graphiteteddes/shapes is converted to graphite in the psicg step;
there is, therefore no recovery step (ECGA, 2003t prebaked anodes, the anodes in the electralgtis need to
be changed when there is about 10 cm left of tleel@n This is cleaned and returned to the anodw,pldoere it is
crushed and mixed with petrol coke and pitch to enakw anodes. All anodes for aluminium manufagture
therefore, contain a certain percentage of usedemn(EAA, 2009).

18 Carburising is the addition of carbon (using aegais, liquid, solid source) to the surface of tasbon steels at
temperatures generally between 850 and 950°C.
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7.2.1.2.2 Refractories
a) Function and applications

Refractories are materials that maintain sufficiphysical and chemical stability to be used for

structural purposes in high temperature environmentountered in the process industries (Ewais,
2004). They provide linings for high-temperaturgnfaces and other processing units and by
definition are expected to be able to withstandsptal wear, mechanic stress and strain, corrosion
by chemical agents and high temperatures (aboV&JJRAR, 2008; Schacht, 2004).

Most ‘heavy’ refractories are based on six basealexi(used individually or in combination):
silicon, aluminium, magnesium, calcium, chromiund airconium - in combination with carbon
(Routschka, 2007).

CTPHT is used as a binder which, when added téractery mix, holds the various aggregates and
matrix particles together (thereby contributingthe refractory products’ strength) in a form that
can be handled with minimum breakage (Schacht, 2004

b) Volumes

According to the RAR (2008), refractories accountedaround 5% of EU sales of CTPHT in

2003. Applying this percentage to the current EWstonption of CTPHT (and assuming no
significant change in consumption pattern has aedrindicates that around 37.5 kt of CTPHT are
currently used in the production of refractories.

c) Trends

The production of metals, cement, glass, etc.egledd on refractories, as do specialist application
in the aerospace industry (high temperature prapulsystems) and nuclear industry (Ewais, 2004).
According to a market research report (MTP, 200tgl production of refractories in the EU-25

countries increased by an average of about 0.8%gmarby weight between 2002 and 2006. The
region now produces 5.3 million tonnes of refragtoroducts, valued at approximately €3.4 billion

which is 1.3 million tonnes more than it actuales, making the EU a net exporter.

Iron and steel production is indicated to accownmt dround 55% (or up to 70%, according to
Moore, nd) of the total demand for refractoriesgréfore, the profitability of the refractories
industry as a whole is strongly influenced by st@@lduction levels and steel plant investments
(Ewais 2004; MTP, 2007). Volume-wise, refractorynsomption is, however, not necessarily
increasing in line with steel demand. Improved apens (specifically in process control and hot
gunning repair) and the increased use of modemri ptecess routes that require a shift from low-
grade fireclays to high-grade products have redulte a significant reduction in refractory
consumption per tonne of steel (Ewais, 2004). Mdod) notes that 20 years ago, glass consumed
around 12 kg/t of refractories, but this has drapfmearound 5 kg/t today while steel has reduced
consumption from 30 kg/t in 1980 to 10kg/t.

Furthermore, Routschka (2007) notes that, althdwagld coal pitch has the best performance/cost
ratio of all coking binders, due to stricter envineental protection legislation, standard coal tar
pitches have been almost completely substitutgaenpleum pitches or pitches from a special high
temperature vacuum treatment of coal tar pitchs Tibroadly consistent with information in the
RAR (2008) which indicates that the pitch indusisyproposing to use pitches with a higher
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softening point resulting in a benzo(a)pyrene (Bjajontent of 300 ppm compared to current levels
in pitches ranging up to 20,000 ppm (RAR, 2008).

d) Structure of the supply chains involved in that use

The structure of the supply chain appears to flmmnt

manufacturers of refractory metal: who manufacture refractory metals, semi-finistasd
well as engineered/value added products. Mosthed refractory producers are based
outside Europe, as the scale of EU production (aatdral endowment) of these refractory
metals is often insufficient for meeting the entiteropean demand (for instance, only two
major companies produce chromium metal in the EdJ);

producers of refractories who manufacture the refractories using the CTPHHT

combination with the refractory metals. Refracteriare purchased by iron and steel
companies mostly as articles, although occasionaflypowders (preparations) (Eurofer,
2008). According to Cerame-Unie (nd), the main pitihn capacity for refractories tends to
be found in Germany, ltaly, France and the Unitedghlom. Austria is also an important
producer and exporter of refractories. Overall, Bt refractories industry employs around
25,000 people; the exact number of refractory pcedaiin the EU is, however, unknown; to

users which includes the steel, metals, cement andsgladustries. In 2007, Germany was
the largest consumer of refractories in the EUhwibout 19% of the total, followed by lItaly

and Spain with 14% and 13% respectively (MTP, 200Agse downstream users may obtain
their refractories directly from non-EU refractasyppliers. Moore (nd) notes that there is a
clear trend towards more finished refractories emnfrom China and China’s dominance in
raw material supply has in fact increased hugelh@last ten years; and

recycling and waste stagein terms of their lifecycle, Alcan (2003) indieatthat refractory
materials from anode baking furnaces can be re-igdleaving replacement with new bricks.
Simple cleaning and sorting are often the only tinemt necessary for re-use. More
generally, Eurofer (2008) indicates that after theconomical lifetime, refractories are
discarded and as such become waste. They arerdlethand either:

taken back by the suppliers as waste within thpeaod their supply contract;

put at the disposal of a waste treatment operatosdrting out, elimination and/or
recovery; or

sorted out and partly eliminated as waste andypagtovered for placing on the
market for reprocessing and future reuse.

7.2.1.2.3 Active carbon/carbon fibres

a) Function and applications

The RAR identifies the ‘production of active carbas one of the uses of CTPHT. Information
available in the literature indicates that coal géach (or bituminous coals) can be used as a raw
material for the production of active carbon (otiated carbon) (Gryglewicet al, nd). Activated
carbons are typically used as a solid adsorbentnmaband are produced specifically to achieve a

58



large internal surface (500 - 1,508g) which, in turn, makes it ideal for adsorpfidiLenntech,
nd). Activated carbon can be found in a varietyapplications including: air treatment, drinking
water treatment, effluent water treatment, foodcpssing, industrial processes (purification and
catalysis), medical uses (charcoal cloth, maskg8any and industrial respirators and a number of
other applications (Chemviron, nd). Activated carimalso available in special forms such as cloth
and fibres.

Active carbon can also be agglomerated and formeda variety of briquettes (Chemviron, nd).
This latter use is referenced in the RAR (2008)clvhiotes that,Where active carbon has to be
shaped, the raw material such as coal can be pigedr briquetted using a binder [presumably
coal tar pitch] and finally carboniséd

Carbon fibres are manufactured from coal tar pibetthis process, coal tar pitch is first filterex
remove solids and then treated with heat, whichlt®@e a mesophase pitch. The mesophase pitch
is then spun into monofilaments and the pitch mitaroient is oxidised using oxygen. The oxidised
fibre then undergoes carbonisation at temperatfrég00 - 1,500°C, followed by graphitisation at
2,500 to 3,000 °C for the production of high modufibres. Carbon fibres are used in the
production of highly stressed construction matsereid for the production of high-strength sports
equipment (golf clubs, tennis racquets, skis) (Ekata Stadelhofer, 1987).

b) Volumes
According to the RAR (2008), active carbon accodrite around 1.7% of EU sales of CTPHT in
2003. Applying this percentage to the current EWstonption of CTPHT (and assuming no
significant change in consumption pattern has aedjrindicates that around 12.8 kt of CTPHT are
used in the active carbon (and carbon fibre) appbaos.
It should be noted that there may be some overktwden products described under ‘active
carbon/carbon fibres’ and those for ‘specialisboarand graphite products’ described earlier. JRC

(2008) further notes that the biggest carbon primduplant in Europe is located in the Netherlands
with a production capacity of 340 kt /yr, which igkpand to 375 kt/yr.

c) Trends

According to the RAR, pitch-based active carbomsiacreasingly being produced outside the EU
(RAR, 2008).

d) Structure of the supply chains involved in that use
The structure of the supply chain is not known.

It has not been possible to provide estimates efnilimber of producers of active carbon and/or
carbon fibres or estimate the proportion of themg€TPHT.

19 Adsorption may be defined as the physical proegssh occurs when liquids, gases or suspendecemathere to
the surfaces of, or pores in, an adsorbent matgsalally solid).
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7.2.1.2.4 Paints and coatings

a) Function and applications

CTPHT is used in coatings products for anti-coomnsprotection. For heavy duty corrosion
protection and application as sealing compound$yréoer increase in the plasticity range is
achieved by hot-mixing these pitches with extendsush as finely ground coal, minerals,
diatomaceous earth, or fly ash. To meet espedially anti-corrosion requirements, coal tar pitches
are combined with polymers. Such pitch-polymer corations may consist of two-pack systems
with epoxy or polyurethane or one-pack systems wfitier polymers or elastomers (RAR, 2008).

Special coal tar pitches are also used in the mtamtuof one-pack physically drying paints. Pitch
paints have been used to protect concrete agajgstssive water, for corrosion protection of steel
constructions in industry, hydraulic steel struetyrand underground pipelines. In one-pack,
physically drying pitch polymer combination painggich paints are mixed with thermoplastic
polymers such as PVC, chlorinated rubber, polydpgrene, polyacrylonitrile, or polystyrene (4-
8% wt. % of polymer). They are superior to thewartional pitch paints, and are especially used
to protect structures in the sewerage and efflseator (RAR, 2008).

In two-pack chemically drying combination paintstcp and solvent or high-boiling tar oils are
mixed with reaction-curing resins such as epoxingeand polyurethanes. These are widely used in
hydraulic steel structures, ship building (antifog) and harbour construction, sewerage sector, and
pipeline construction (RAR, 2008).

b) Volumes

According to the RAR (2008), paints and coatingsoaated for around 1% of EU sales of CTPHT
in 2003. Applying this percentage to the current &hsumption of CTPHT (and assuming no
significant change in consumption pattern has agedyrindicates that around 7.5 kt of CTPHT are
currently used in paints and coatings applications.

Four companies in the paints and coatings induptvided responses to the questionnaire
developed for the purpose of this report:

* the first company uses 1,200 tonnes of CTPHT;

» the second company uses only 0.3 tonnes of CTPHT,;

 the third company uses 182 tonnes of CTPHT usexahtircorrosion epoxy paints (accounting
for over 90% of company volume), anti-fouling tieat and anti-corrosion vinyl, and these
are all used in ship maintenance and repair; and

» the fourth company indicates that it stopped the afscoal tars in its end products a while
back.

c) Trends

According to information provided by industry fdret RAR, corrosion protection with pitch-based
products is declining and phasing out of this gspredicted in the next few years. This appears to
be consistent with information provided by the dhtompany above, which indicates that the use of
these coal tar substances has been stable foaghthtee years, although prior to that, production
had decreased by 50% over three years due to afffesio Asia. The current volume manufactured
by this company is for the EU market and they fast@ decreasing demand for these coal tars in
the future.
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It has also to be noted that, under the framewbtke@ OSPAR Convention to which the European
Community is party, it is recommended that inlahghs are not treated with one-component coal tar
coating systems (see PARCOM Recommendation 96/4htorPhasing Out of the Use of One-
Component Coal Tar Coating Systems for Inland Shigke expected impact of this
recommendation is a decrease of the use of CTPHH&ebeoatings within EU.

The RAR (2008), however, notes that subsequentnrdton provided by industry contradicts this
position that the use of CTPHT in heavy duty cdomogrotection has been reduced significantly
and that in the short term this application willglesed out.

d) Structure of the supply chains involved in that use

Information on supply chains provided by the cotesdicompanies indicates that:

» the first company obtains its supplies from thelg¢elands and France, and supplies to 10 -
20 customers in France and Belgium.

» the second company indicates that three producttaicong pitch are sold directly to 40-50
end users.

» the third company has two EU suppliers of the raatemals to their factories and the
resulting products are distributed to over 50 aumsis across Europe.
The structure of the supply chain would therefae b

Manufacturer(s) of CTPHT

Producers(s) of Paints/Coatii¢s

’

Distributors

,

Downstream Users

7.2.1.2.5 Brigquettes
a) Function and applications
CTPHT is a conventional binder used for making dw&uettes, where briquettes are essentially
combustible fuel materials which can be used fonéstic (e.g. heating and barbeques) or industrial

heating.

Briquettes are essentially made up of:

20 The information provided by thé'tompany which was consulted tends to indicate thatertain cases, additional
levels in the supply chain could appear, e.g. CTRli$tributors (between CTPHT manufacturers andtpaand
coatings producers) or specialisezd CTPHT-basedtpaind coating suppliers (between paint and ogstin
producers and distributors).
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» a base material (which could be coals of diffepoiperties, pre-treated coals, low- or high-
temperature coke, peat, lignite, anthracite, chelrand mixtures of these), and

» a binder (in this case, CTPHT) to hold the mategkether when they are compressed into
shape.

The shape and size of the briquettes depend eslbgoin their intended application (i.e. domestic
or industrial); however, the binder may be arouri% of the overall mixture.

b) Volumes

According to the RAR (2008), briquettes accounted d&ound 0.9% of EU sales of CTPHT in
2003. Applying this percentage to the current EWstonption of CTPHT (and assuming no
significant change in consumption pattern has gedjrindicates that around 6.8 kt of CTPHT is
currently used in the production of briquettes.

c) Trends

In the early 1980’s, capacities of 2,000 kt/yr afjoettes existed and these are now down to around
150 kt/yr (RAR, 2008). The overall trend in the usfebriquettes appears to be downwards for
technological, economic and environmental/legigéateasons.

Technology-wise, the increasing use of petroleuas gnd electricity for heating purposes has
caused a reduction in the use of coal briquettpgifft, 1994). It also appears to be the case that
the coals used in the manufacture of briquettesherge normally considered of too low quality for
use as a main component in coking blends. Thusoutid be expected that this industry would be
most advanced in countries possessing large amadintgerior coal, where fuel is high priced
and/or where there is great supplies of coal tahpibinders). Essentially, to ensure a market for
briquettes, the price has to be considerably Iothan the market price for good coal (or other
fuels).

The RAR (2008) also notes that the use of pitchndoooal briquettes is forbidden in some
countries (e.g. Germany and Scandinavian countne$egal references have been found however)
and there is a general move towards using moreramiental friendly binders like starch and
molasses. Furthermore, this market appears tonkedito dedicated and captive users in mining
countries (France and Belgium) where retired mirexrge rights on solid fuels provided by the
former State owned companies (RAR, 2008), and it ba reasonably foreseen that it will
progressively disappear in a rather near future.

However, the RAR (2008) notes that subsequent nmtion provided by industry tends to
contradict the assumption that the use of CTPHJoal briquetting is being totally phased out.

d) Structure of the supply chains involved in that use

The structure of the supply chain is unknown.
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7.2.1.2.6 Clay targets
a) Function and applications
As for that application, CTPHT is used as a binder.

Clay targets (previously known as “clay pigeonsg designed as flying (saucer-shaped) targets for
sports shooters and small game hunters to pramticer in actual sports. The targets are flung into
the air to create moving targets to shoot at; tinengt, therefore, be able to withstand the stress of
transportation and being thrown from traps at veigh speeds while also disintegrating readily
when hit by a pellet (WIPO, 1995; RAR, 2008).

Clay targets usually consist of a filler (e.g. aahe carbonate (limestone)) and a binder (e.g. tval
pitch). The filler and binder are made into a targg melting (using heat) and then pressing the
mixture into a mould. Coal tar pitch (CTPHT) is icated to make up to 30% by weight of the mix
(AFEMS, 2009).

Clay targets are made to very exacting specifioatiwith regard to their weight and dimensions
and are required to conform to international staala

b) Volumes

The RAR (2008) estimates that around 5.8 kt/yr @PET are used in clay target manufacture.
More recent information received from the Europeassociation of Sporting Ammunition
Manufacturers (AFEMS) indicates that around 6 kbf/ICTPHT are currently used in clay target
manufacture (2008 figures) (based on informatioavigled by two clay target manufacturers-
members of AFEMS). This is equivalent to around®® & the total EU consumption of CTPHT.
AFEMS (2009) also estimates that around 200 millIPHT-based clay targets are consumed in
Europe annually.

c) Trends

In general, the trend regarding the production asel of CTPHT-based clay targets over the next
five years is expected to be downward.

Information provided by AFEMS (2009) suggests tratund 12 kt/yr of CTPHT were used in the

manufacture of around 400 million clay targets le fast two to three years. They, therefore,
estimate that the use of CTPHT in clay target pctida in the EU has decreased by 50% (down to
6kt), as a result of extensive efforts made by camgs in the search for alternatives. AFEMS,
however, notes that a phasing out of this use enBb is unlikely (as market conditions do not

support such action) except if stipulated by legish. AFEMS (2009) indicates that the

alternatives to CTPHT are around four to five tinmesre expensive than CTPHT increasing the
cost of clay targets by around 220%. Thus, in coesitwhere large reductions in the use of
CTPHT-based clay targets have been achieved,dhdsie to legislative restrictions on use which
result in a level playing field for sales made witthat particular country.

Although a number of sources make reference to EdUretional legislation which would restrict
the use of CTPHT-based clay targets, it has noh Ipessible to locate the legal text. CPC (nd)
states thatc¢lays produced with CTPHT are already banned in ynesuntries in Europe and these
clays are likely to be banned in the UK, in theywaear futuré The RAR also references
manufacturers claiming to apply petroleum pitclorder to meet EEC environmental protection
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directive$. CCI International (nd) notes that their clayse atesigned to meet the toughest
environmental regulatiorisand ‘the PAH levels being considerably lower than thendadory
figure’ (with approvals in Germany).

In the Netherlands, there is actually nationaldigior?! which restricts the use of CTPHT-based
clay targets. This legislation regulates the maximecontent of a number of environmentally
hazardous substances in clay targets and sets mmaxjpermissible concentrations (in mg/kg dry
substance) for the following substances: arse?2®g, (barium, (160), cadmium (0.8), chromium
(100), cobalt (9), copper (36), mercury (0.3), I¢&88), molybdenum (3), nickel (35), zinc (140),
and PAH2 (10).

In countries with such legislation, a phasing dutige may have occurred; however, this does not
apply in other regions without legislation. Thugyile the environmental effects as well as possible
risk of ingestion by animals (feeding near shootiagges) with subsequent health risks are key
drivers in the ‘search’ for alternatives to CTPHdsbd clay targets, the actual driver for
introducing the alternatives may be said to beslagve pressures.

d) Structure of the supply chains involved in that use
Information provided by AFEMS (2009) suggests that:

» there are fewer than 10 companies supplying CTRHITay target manufacturers;
» there are around 12 companies using CTPHT in theufaature of clay targets; and
» end-uses of the clay targets occur at around 2G006ting ranges across Europe.
The overall structure of the supply chain wouldé¢fere be:
Manufacturer of coal tar substance(s)

’

Suppliers of CTPHT (10 actors)

,

Producers of clay targets (12 across the EU-27)

’

Distributors (number unknown)

’

Users (consumer) at shooting ranges

21 pecree of 19 May 2004 (Sth. 237) promulgatingsutoncerning the limitation of the environmentaisequences
of clay pigeon shooting (Decree on clay pigeon $hgo (Law on environmentally hazardous
substances)).(Staatsblad van het Koninkrijk deradadden, 2004, 12 pp.).

22 10 PAHs are included in the regulation, with tledowing CAS-numbers: 91-20-3 (naphthalene), 8580
(phenanthrene), 120-12-7 (anthracene), 206-44d0r@inthene), 56-55-3 (benz[a]anthracene), 218-@h8/sene),
207-08-9 (benzo(k)fluoranthene), 50-32-8 (benzdfiefsene), 191-24-2 (benzo[ghilperylene) and 1933
(indeno[1,2,3-cd]pyrene).
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In terms of market share, information provided By&MS indicates that two companies located in
Italy and Finland account for around 20 - 25% afydiargets produced in the EU.

7.2.1.2.7 Road construction and paving

a) Function and applications
In road construction and paving applications, CTRsllised as a binding/sealing agent.

It is important to clarify the meaning of three Keyms - asphalt, bitumen and coal tars - as they a
apply to road construction:

» ‘bitumen’ is a semi-solid hydrocarbon product progd by removing the lighter fractions
(such as liquid petroleum gas, petrol and diegeinfheavy crude oil during the refining
process. Bitumen is not in itself an end-produstprimary use is as a constituent of products
used in paving and roofing applications. Approxieha 85% of all the bitumen produced
worldwide is used as the binder in asphalt for spd®% is used in roofing applications and
the remaining 5% in sealing and insulating purposes& variety of building materials
(Eurobitume, 2009a).

* the term ‘asphalt’ refers to a mixture of bitumerdanineral aggregate designed for specific
paving applications. It is typically composed oband 95% mineral aggregates mixed with
5% paving grade bitumen (the exact concentratioitfmen depending on the type of
asphalt mix and end-use). The bitumen functionhadbinder/glue that binds all the mineral
aggregates in a cohesive mix. In addition to tbestruction and maintenance of major
highways (motorways and trunk roads), asphaltss alsed extensively for rural roads and
urban streets, airport runways and taxiways, peivetads, parking areas, bridge decks,
footways, cycle paths and sports and play area® £ AR009).

* in the past, coal tar was used extensively in gawraterials across Europe; it was always
used as a mixture of petroleum-derived bitumen @latth tar in all layers of pavement
applications. O’Flaherty (2002) notes that thesebimmen blends seek to combine the best
qualities of both binders. They have good weatlgecimaracteristics, a lower tendency to strip
from aggregates (compared with pure bitumen) aademss brittle (compared with pure tars).

According to the European Asphalt Producers AssiotidEAPA, 2009), because of their similar
appearance and technical effects, little distimctisas made between bitumen and tar as a
construction material. In practice their origin aodnsequently their chemical composition are
however quite different: while bitumen is a prodatthe crude oil refining process, tar is a praduc
of coal processing in a coking plant. As a restilthe destructive distillation of coal, coal tar
contains PAHSs in considerable amounts — far higfinen bitumen (EAPA, 2009).

According to EAPA, coal tar was used in the follogiEuropean countries: Belgium (until 1992),
Czech Republic (until 1999), Germany (until 199%nark (until 1975), Finland (until 1960s),
France (until 1970), Netherlands (until 1991), Nayuntil 1960), Sweden (until 1974), Slovakia
(until 1980), Turkey (until 1979) and UK (until 199

Thus, bitumen had replaced coal tar significamlyeurope during the 1970s and 1980s (except the
UK where it was used only infrequently from 1980s1999 on specific contracts requiring an
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asphalt of high resistance to fuel contaminatiordue to increasing oil production and declining
coke usage and the related economic factors.

It also appears that most of the European counffeesnstance the Netherlands) have banned the
use of coal tar pitch in road construction by lawagreement between trade unions and road
building companies (The Netherlands, 2008).

Overall, asphalt has been used extensively forngaand road construction owing to its excellent
waterproofing and adhesive properties which areonamt for binding and holding the aggregates
in the pavement together. However, asphalt has sbhangbacks relating to its chemical makeup:
because asphalt is a very complex mixture of chasiievhich are predominantly open chain
(aliphatic) in structure and also being a by-pradefcthe petroleum distillation process, it can be
attacked and disintegrated by other by-productsvel@érfrom petroleum (e.g. automotive oils,
petrols, fuels, etc). The actual rate of pavemetgribration (from simple corrosion to development
of minor cracks which widen and deepen with timepehds upon the traffic volume as well as
climatic conditions. These problems are associptadarily with parking lots, airport runways,
service stations, etc (SGSC, nd).

The life of road pavements can, therefore, be ederby applying a protective coating that resists
attack by the elements that destroy the asphdtirnvation in the literature (mainly from the US)
indicates that coal tar pitch (CTP) emulsions hlagen used (since the 1950s) as seal coatings for
extending the life and lowering maintenance cossoaated with asphalt pavements. They are the
pavement sealers recommended for asphalt or teacesrwhere resistance to gasoline spillage is
required (Whittier, nd). These CTP emulsions awdicated to be water-based and the finished
product is a stable, homogeneous composition thafpplied with ease (SGSC, nd). SGSC (nd)
notes that unsealed pavements will require regsansing with the second year and could require a
one-inch overlay as often as every seven years.

A US Air Force Specification for thermoplastic coat emulsion slurry (Grip-flex, nd) specifies the
following:

“A cold applied, thermoplastic modified coal tar elsion slurry, produced as a complete product

in the manufacturing plant, to provide a jet fuekistant, anti skid wearing surface for use on

asphalt and concrete pavements warranted for agpeof FOUR (4) years to be free from defects

of material and workmanship and to not lose adhesilissolve, or wear away. Type | is installed

on flightline operational areas; Type Il is instadl on milled surfaces, heavily oxidized pavements,
parking lot and road surfaces.

The coal tar base shall provide chemical resistanceagents that destroy asphalt. The
thermoplastic coal tar emulsion shall provide thasécity to bond to the asphalt or concrete and
the cohesive ability to hold the aggregate in plaégeservice life of 10 years is expected; a lichite
warranty, by the manufacturer to perform repairs fiour years for defects in materials,

workmanship, loss of adhesion, dissolution, or dution by friction, use, time, elements, or
constant wet exposure to petrochemicals, e.g., ,JRydraulic oils, gasoline, etc., for periods of
seven (7) days or less.”

At present, its is unclear whether this use of ¢aalpitch as a seal coating is entirely outside th

EU or not; however, this has been identified asoasyble use, which should be taken into
consideration (for authorisation process purposésis confirmed.
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b) Volumes

According to the RAR (2008), road construction acted for around 0.2% of EU sales of CTPHT
in 2003. Applying this percentage to the current &hsumption of CTPHT (and assuming no
significant change in consumption pattern has agedyrindicates that around 1.5 kt of CTPHT are
used in road construction applicatiéas.

The accuracy of this estimate is however uncertlformation provided by EAPA (2009),
however, indicates that one company specialisingpplying anti-skid layers at airports used
around 500 tonnes in 2008 (EAPA, 2009).

c) Trends
As already mentioned above, there is informatioARE, 2009) indicating that coal tar is no longer
used for road construction or paving operationee RAR (2008) notes that the amount of pitch
used for road applications is decreasing as #éptaced by petroleum-based pitches (and sealers) on
account of their lower PAH content. In some cowstrit is also legally allowed to rely on cold
techniques with or without binders (emulsion, folmumen, and or hydraulic binders). SGSC (nd)
also notes that, in recent years, asphalt emulsa@ed seal coatings have been introduced with
varying degrees of success as a replacement forb@$&d seal coatings

Therefore, it appears that only very particular liggions such as anti-kerosene coatings for
parking lots, airfields and fuel stations still uszEal tar pitch emulsions (RAR, 2008).

d) Structure of the supply chains involved in that use

Although no information was received on the struetaf the supply chain, it is expected that the
overall structure of the supply chain would bedkivs:

Manufacturer of coal tar substance(s)

Suppliers of CTPHT

,

Downstream users (road pavers and mixers) at &rpod petrol stations

7.2.1.2.8 Roofing
a) Function and applications
CTPHT is used as impregnating, coating and adhegjeat, mainly for waterproofing purposes.

Until the late 1970s, coal tar was the technolofyclwice for flat and low-slope commercial
roofing. Its unique structure, with closed rings atoms linked to form a stable molecular

23 By way of context, EAPA (2009) estimates thaP@®7, around 435 million tons of asphalt was prediic Europe
(including Russia) and more than 20 million tonsbdfimen was used in the asphalt industry in 2@0p@roduce
asphalt.
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configuration, made coal tar highly impermeablertoisture, UV rays, atmospheric oxygen and
chemicals (e.g. salts and corrosive agents in yobdation) (Younkin, nd).

The traditional coal tar system is a built-up rtioht is manufactured on-site, with layers of felts

adhered to the roof using hot-applied coal tartpit€oal tar pitch acts as the waterproofing agent
that protects the roof from the elements, whileféles act as reinforcement. According to the RAR

(2008a), during the laying down of a new roof, tD€P is heated and applied at approximately
191°C to 204°C. Coal tar's molecular structure mles the benefit of actually healing itself as it

melts a little in the sun; thus any cracks formgdnbpact or rapid drops in temperature reseal when
surface temperatures rise and the coal tar soff@mghis reason, coal tar roofing cannot be used o

greatly sloping roofs. To counteract its low soignpoint, coal tar roofing is used in combination

with a gravel surface which adds additional besediich as extra weight reducing wind uplift and

protecting the roof from the sun (Younkin, nd; Kepg 2003).

Advanced coal tar technologies are pre-manufactumgatoving the proven durability of traditional

coal tar with polymer modifiers in a quality-corteal factory environment (Younkin, nd). By

using plasticised pitches or by adding extendées plasticity and temperature stability of roofing
tars can be improved considerably (RAR, 2008).

b) Volumes
According to the RAR (2008), roofing accounted &ound 0.7% of EU sales of CTPHT in 2003.
Applying this percentage to the current EU consuompbf CTPHT (and assuming no significant
change in consumption pattern has occurred) ingcttat around 5.3 kt of CTPHT are used in
roofing applications.

c) Trends
Various studies show that the use of coal tar pitcfoofing was still relatively common in some
EU countries in the 1950s, but decreased signifigamthe 1960s. Coal tar and coal tar pitch were
also used for waterproofing of building foundaticarsd interior spaces in the 1950s, and in roof
treatment products until the mid-1980s (FIOH, 2007)

It appears that coal tar’s share of the roofing kaiahas fallen in the last 20 years due to the
discovered carcinogenicity of coal tar pitch voesi

d) Structure of the supply chains involved in that use

The structure of the supply chain is not known.
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7.2.1.2.9 Medicinal preparations?4

a) Function and applications

Coal tar preparations have been used for many yeatseat various skin conditions, such as
eczema, psoriasis, seborrheic dermatitis, dandetdf, These preparations may be applied directly
to the skin, added to a bath, or used on the sgalpare available in a number of dosage forms (e.qg.
as liquids, ointments, shampégssoaps, gels/jellys, emulsions, etc) (Mayo, 2008).

Coal tar is refined by various methods to potelytiabtain more aesthetically acceptable and
pharmaceutically practical products (e.g. coalttguical solution and coal tar distillate). Official
compendial monographs (or pharmacopoeia) on coalaanot, however, specify the composition
of the coal tar, other than to require that notertbian 2% of 100 mg of coal tar remain as a residue
(ash) on ignition. Since coal tar is not a chemeaiity and its therapeutic effect depends on a
myriad of carbonised and volatile constituents, s@rperts believe that the degree of refinement
of coal tar is responsible for variation in thenajie effectiveness of different coal tar products
(AHFS, 2008).

b) Volumes
Although a questionnaire was sent to the three re&lnindustry associations covering medicinal
products, information on quantities used has beeeived from only two companies. While the
first company confirmed uses of other coal tar\aggives than CTPHT in the manufacture of
shampoos and emollients (moisturisers), the secontpany (a SME) indicated the use of 100 kg
of CTPHT in the manufacture of medicated shampoadyts.

If industry associations confirmed the use of daa$ in these applications, the specific coal tars
and quantities appeared to be unknown (at the indassociation level).

c) Trends
No information could be obtained regarding the gmegse of CTPHT in these applications.

d) Structure of the supply chains involved in that use
The available information indicates that coal tan de purchased as a preparation (or more
specifically, a “multi-component mixture of natuid/or synthetic raw materials”) which is then

further formulated into various end-products (bg thspondent) which are placed on the market.

The structure of the supply chain would therefaee b

24 It has not been possible to clarify if thesaeticinal preparatioriscover medicinal products and/or cosmetic
products; it has to be noted that, if it would aquphat part or all of these preparations are niealiproducts in the
meaning of the EU-legislation, these should nogiddgect to authorisation.

25 Although soaps/shampoos may technically be censiito be (borderline) cosmetic products, the Elgn@tics
Directive (76/768/EEC) does not allow the use dafld¢ars in cosmetic products. This is stipulatedimex Il of the
Directive (which lists all substances which must faom part of the composition of a cosmetic prajlu&ntry 420
reads "crude and refined coal tars" - the banhisrefore, general and is independent of the quieltgl of
refinement of these materials (as confirmed byBbleCosmetic and Toiletries Association - COLIPA).
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Manufacturer of coal tar substance(s)

,

Formulator 1 of preparation (in this case, finerolaals or fragrance producers)

’

Formulator 2 of preparation (i.e. pharmaceuticalcetics companies)

,

Pharmacies (across the EU-27)

’

Consumers

7.2.1.2.10 Carbon black manufacture and tyres

Information received from the European Tyre and BwmbManufacturers Association (ETRMA,
2009) indicates that coal tar pitch is not a rawtamal in tyre or general rubber goods
manufacturing. CTP is basically the major feedstémr carbon black production. ETRMA
indicates that in any case, during carbon blacklgpeton, most of the feedstock is dehydrogenated
so only traces may remain in the final product.

7.2.1.2.11 Manufacture of pyrene

A possible use of CTPHT in the production of pyréws been highlighted by industry; however,
this use has not yet been confirmed (or validated).
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7.2.2 Releases from the uses of CTPHT

7.2.2.1 Preliminary remarks

In considering releases of CTPHT (and its constifslefrom the uses discussed in above sections, it
should be borne in mind that each industry seat@pplication requires different physico-chemical
characteristics relating to CTPHT.

In industry terminology, CTPHT is indeed known bamy different names (or forms) such as: soft
pitch, hard pitch, binder pitch, mesophase pitehvgrised pitch (pitch powder), etc - depending on
the users’ industry background. As already disalisgese various pitch forms are also produced
and applied in various uses, for instance:

» soft pitches are typically used in refractory birsdend as road binding agents;

* mesophase pitches, produced by removing low maeauight species from coal tar pitch,
are used to make high technology products, sucard®n fibres;

» plasticised pitches, produced by digesting coapitcth and high boiling coal tar distillate
modified by inert material filler, are used in aatirrosion coatings; and

» pitch-oil blends, produced by mixing CTPHT with tlilate) oils, are used in road tars,
roofing tars, paints and coatings.

Table 7.6 provides an example of the different Bpations for coal tar pitch for different indugtr
sectors, which could again vary as per customariremgents.

Table 7.6: Differences in specifications for codar pitch for different uses
Prebaked .
Sederberg smelter Graphlte Refractories industry
process industry
process
Softening Point °C 90 - 105 101 -113 95-110 80—
Co.kl_ng Value (Conerdom 53 54 53 45
(minimum %)
Toluene Insoluble (minimum %) 30 32 22 20
Quinoline Insoluble (%) 8-12 7 (min) 10-16 8alxi
Ash (maximum %) 0.30 0.25 0.30 0.30
Moisture (maximum %) 0.20 0.50 0.50 Nil
Source: www.easterntarcoatings.com

It should be noted that even within the same prbdiifterent types of pitch may be used. In

describing the process for producing graphite sdelets, Franck & Stadelhofer (1987) note that the
coal tar pitch used as a binder is made from talected on the basis of their quinoline insoluble
(QI content. To increase the carbon density oflthleed carbon product, it is further impregnated
with low QI pitches in a vacuum/pressure procesdhil&/the binder pitches are produced

exclusively from coal tar, impregnating pitches dam produced from low QI tar or by heat

treatment of cat-cracker residues. Differences/éen the binder pitch and impregnating pitch are
provided in Table 7.8.

Therefore, there appears to be no ‘standard’ piwgh a chemical composition which can be
characterised within narrow margins. Each typeithpwill have a typical chemical composition
or, more specifically, a PAH pattern; and withineotype of pitch, some variation in the PAH
pattern will occur. The PAH pattern and contenagfarticular pitch may also change considerably
for certain uses (e.g. as a binding agent in a dtation with bitumen for road paving) as other
PAH-containing components are added (RAR, 2008).
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Table 7.8: Differences in binder pitch and impregating pitch used in production of graphite electrales
Binder Pitch Impregnating Pitch

Softening Point °C 95 60

Quinoline Insoluble (%) 10 2

Toluene Insoluble (%) 39 18

Coking Residue (Conradson) 56 38

Viscosity 1,200 55

Source: Franck & Stadelhofer, 1987

Following from the above, it has not been possimithin the context of this report to obtain
information from stakeholders within each of the sectors on their emissions of CTPHT (and its
constituents) or the PAH profile of emissions facle application. Companies responding to the
consultation launched for the purpose of this repave indicated that data on the emission of coal
tars during the service life of products is verffidilt to estimate when one considers the paréicul
end use of the products concerned (particularlgeheith consumer end-points, e.g. briquettes). On
the other hand, in uses such as graphite electrddescoal tar pitch is not present in the final
product and there is, therefore, no exposure tbteogitch or its constituents for the downstream
user.

The discussion below, therefore, considers emisstomtrols which are applied in the various use
sectors which possibly impact on releases of CTRatil its constituents).

7.2.2.2 Releases from uses of CTPHT and emission control measures

7.2.2.2.1 Production of € ectrodes

Information relating to releases of CTPHT will facan releases hyroducer(s) of the electrodes
or anodes (at anode baking plants) and those dgwnstream usersof the electrodes (i.e.
production sites for aluminium, steel, carbide).étc

As already discussed, the largest single applicadioCTPHT is its use as a binding agent in the
production of anodes (used in the electrolytic pesg in the aluminium industry.

There are some key differences between the prebakeld Sgderberg anodes when used in
aluminium electrolysis. According to the Europedariinium Association (EAA):

* in prebaked, during the production process, thbaaanodes are mixed and baked at around
1,150°C in the anode baking plant. Hence, during dhectrolytic process (involving
downstream users), there are no PAH emissions fnenprebaked anodes due to the earlier
high temperature ‘coking’ and volatilisation of tRAHs. Emissions associated with prebaked
electrodes are, therefore, limited to those arignogn the anode baking plant. The anode
baking process is, however, a closed operatids; therefore, easier to control and abate the
emissions. Gases from these plants are treated dwthscrubbers and filtered or passed

26 Releases by manufacturers of the CTPHT (are dyreansidered in Section 1.2) and further informaton
emissions controls (e.g. for coke ovens) is aviglabthe Draft Reference Document on Best Avadabéchniques
for the Iron and Steel Industry (February 2008 Dr&upplier(s) of the CTPHT also appear to hawersp delivery
conditions (i.e. using special trucks in heateddéitions, as discussed earlier). No further infaliorais available
on the recycling step beyond that already provideSection 1.3.2.
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through regenerative thermal oxidation units reésglin very low emissions. For most anode
plants, the emissions are in the region of 1 kg/$e& or less and all plants are expected to
adhere to the EU Ambient Air Quality Standard. Waseused to cool the green (unbaked)
anodes before the baking process, and some pkdase this to sea (with emissions no more
than 40 kg PAHs as (Borneff6/yégrwhile others have closed cooling water systenfsA(E
2009). EAA notes that, in general, it is possildeiristall closed cooling water circuits,
however, for existing plants this may be difficdlie to space and process limitations (EAA,
2009);

* in Sgderberg, the mixture of coal tar pitch andgdetoke is actually baked in place during
the electrolysis process. This means that thereearssions of PAH (directly from the
anodes) during the electrolysis process and thesaemare difficult to capture in the gas
treatment systems. Some of the PAHs pass throwgbat collection system round the lower
part of the anode and are combusted in the buwtdach is part of the gas suction system.
The rest evaporates from the top of the anode scabes to air.

There are three remaining operating Sgderberg srseit Europe, and these have modernised (or
are in the process of doing it) the operation bgluding raised anode casings (to reduce the
evaporation) or by installing extra gas suctiontexys on the top of the anode and a separate
cleaning system for this. One of the plants whiekkehcompleted this now has emissions of less
than 500 kg BaP/year to air. The air flow hereasnmally around 15 million rithour for this type

of plant and all plants are expected to adherbdadelJ Ambient Air Quality target value for 2013
of 1 ng/n? BaP in the surrounding areas (EAA, 2009).

A key difference is, therefore, that in Sgderbdan{s, new anode paste is continuously added to
the electrolytic cells and the emission as wellttes emission profile is constant. For prebaked
plants, however, there is no emission during edédrs, the anodes are baked to pure carbon in the
anode baking plant, and all the PAH emissions obewe during the baking process. In simple
terms, compared with the Sgderberg process, the &aidsions are shifted to the anode baking
plant in prebaked, where it is easier to contral Hrere is insignificant residual PAH in anodes as
these are baked at 1,150°C (EAA, 2009).

It is also worth noting that while the anodes usatly in the primary smelters for aluminium
electrolysis are consumed during the productiorcgse (based on their dual role as a source of heat
required for melting the aluminium as well as aboar source for reducing aluminium oxides to
metallic aluminium) (EAA, 2009), the electrodeseiectric arc steel manufacturing, while equally
used up over time, are not used in a chemical iceabut provide thermal energy via the electric
arc developed between the electrodes (Jacobs,.2006)

With regard to emissions, the EAA (responding otdlfeof aluminium manufacturing sites)
indicates that there has been a reduction in #aissions in the period since completion of the
RAR (in 2008) (EAA, 2009). More specifically, compd with information in the RAR, plants S3
and S4 are closed, plant PA9 has significantly ceduemissions, plants S5 and S6 are being
upgraded to new Sgderberg and plant Al is instaiiew scrubbers (EAA, 2009). EAA (2009) also
notes that for paste and anode baking plants, afedicextraction systems and scrubbersf/filters
systems to remove coal tar emissions and partasiesised. Dust minimisation in transportation
and storage activities and prevention of rain watstamination is also undertaken.

27 The Borneff 6 refers to a group of six PAHs stddmn the basis of their ease of detection and inse number of
emissions inventories (e.g. UNECE POP). The six PAdfie: fluoranthene, benzo(b) fluoranthene, bdfzo(
fluoranthene, benzo(a)pyrene, indeno(1,2,3-cd)yeard benzo(ghi)perylene.

73



In terms of emissions control, the EAA notes thed temaining Sgderberg plants in Europe are
either rebuilt to a modernised Sgderberg or inptoeess of doing this, which will significantly
reduce their emissions. For anode baking plants,state of the art technology is regenerative
thermal oxidising units for free standing anodeibg@kplants or dry scrubbing units with alumina
(Al,05) for anode baking plants attached to primary senlt In this case, the alumina used is
returned to the smelter. For water, the best abkltechnique (BAT) is closed circuit cooling
water systems. For occupational exposures, cuBaf exposures in anode baking plants and
modernised Sgderberg plants are below any existatigna?® OELs in EU Member States (EAA,
2009). EAA (2009) also notes that emissions of HAdfh industry are a minor source for the total
emissions of PAHs as shown in studies undertak@ardoéhe setting of Ambient Air Quality limits,
and the aluminium industry is not among the magurees of PAH emissions from industry.

With regard to use in graphite electrodes, comar@sponding to consultation note that there is no
more CTPHT material left in the finished and sotdduct (graphite electrode). Any fraction of the
raw material CTPHT is converted into carbon or bregpduring the different production process
steps - with the exception of a very small quargityume gases that have to be treated by special
air purification techniques. In effect, CTPHT istipvesent in the final product and customers do
not receive any CTPHT-containing products. One amgpresponding to consultation also
indicated that due to the emission controls empayetheir processes, the emission of harmful
substances originating from coal tar pitch is vdpge to zero.

In any case, operational conditions, risk managermed best practice in the production of anodes
(and the relevant emissions and emissions conisotg)vered in Chapters 4 (for aluminium) and 12
of the Draft Reference Document on Best Availablechniques for the Non-Ferrous Metals
Industries (December 2008 Dratft).

7.2.2.2.2 Refractories
At present, information on the emission of PAHsnirohe use of coal tar pitch as binder for
refractories is very limited. As noted earlier, ithdustry is moving towards pitches with a higher
softening point resulting in a lower BaP (or PAlgnhtent.

7.2.2.2.3 Active carbon

According to the RAR, pitch-based active carbamspaocessed in closed vessels where the pitch
is pyrolysed to pure carbon with controlled emissi(RAR, 2008)

7.2.2.2.4 Briquettes
As noted in RAR (2008a), when used as binding afggritarbecue briquettes, no exposure should
happen during the use of the briquette in itseitaj coal tar pitch will be totally transformed or
volatised during the briquettes’ production process

There is no information available on emissions fruese of briquettes for heating

7.2.2.2.5 Clay targets

28 There is no EU-level OEL for the substance
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AFEMS (2009) estimates that around 6,000 tonn&ST&tHT are released to the environment, with

3,000 tonnes ending up in soil while 3,000 tonmas$ @ in waste. It is understood that the remains
of the clay targets can be collected after the st this is hard to organise and costly. In

addition, the clay targets can take years to boeakn and, as such, regular shooting ground can
become highly contaminated (CPC, nd). At the same,tas discussed earlier, some companies
claim to produce clay targets with considerably PAH levels.

7.2.2.2.6 Road paving (/ RoofinQ)

In countries where tar was used in the past, oistiag roads can have layers that contain tar that
was used in the past. Industry is, therefore, coméd with tar only in those situations where

existing roads containing tar are maintained, rettacted or demolished. In these situations,
EAPA indicates that procedures are applied in respieoccupational health and protection of the

environment in all phases of the process. Theste@ive measures would include (EAPA, 2009):

» protective measures during milling to prevent emiss of, and exposure to, tar containing
dust;

» separation of tar containing pavement layers fram-tar containing layers; the final end
point of non-recycled tar containing materials n&mown;

» avoiding hot recycling of tar containing reclaimesphalt pavement (RAP); and

* restricting re-use of tar containing RAP to coldriieiques. In some countries, it is allowed to
rely on cold techniques with or without binder (dsman, foam bitumen and/or hydraulic
binders) in road base applications.

As noted in the RAR (2008a), recycling of asphadtd surfaces started in Western Europe in 1980
and such recycling/resurfacing operations are aftenbined with road paving. In this process, the
old layer of asphalt is stripped and mixed with resphalt at the asphalt plant or at the paving site
and re-applied to the road surface (RAR, 2008aphak that is reclaimed during maintenance
operations (e.g. by milling) is in general re-ugedproduce new hot mix asphalt. However,
reclaimed asphalt-containing tar is not re-usegrtmluce hot-mix asphalt. In this case (of asphalt-
containing tar), the waste is considered hazar@dmasthe hot recycling is not allowed (EAPA,
2009).

According to information provided by EAPA (2009),reclaimed asphalt contains PAHs and/or
phenol over a certain limit value, it is considered be ‘asphalt-containing tar’. In practice,
however, the definition of ‘asphalt containing tagn differ from country to country as there are
different limits in several European countries nmmd in the relevant national legislation. Thexe i
also a definition in the European list of wasteducts (EURAL) according to which ‘reclaimed
asphalt containing more than 0.1 % coal tar shbaldegarded as hazardous waste’ (EAPA, 2004).

In the Netherlands, the re-use and the recyclingeofaimed asphalt containing tar is not allowed
anymore by the government. The Dutch national gaido remove it from the building chain and,
as such, reclaimed asphalt containing tar is buamelthe remaining clean aggregate can be re-used
(EAPA, 2009).

Finally, the RAR (2008a) notes that people may hertty exposed (1 day) as a result of road
taring or roofing with a very low frequency (onoeegy 10 years), and to concentrations in air much
lower than workers as the distance to the sourlager and the concentration will consequently be
reduced due to dilution (RAR, 2008a).
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7.2.2.2.7 Medicinal products

The first company indicated that, during the foratigin process, there is no waste product from the
manufacturing process. All bulk containers contajrresidues are also treated by licensed agents.
The second company indicated that manufacturinmdtertaken in a clean room environment with
air handling systems.

7.2.2.2.8 Other uses

There is no information available relating to relesfrom other uses of CTPHT.

7.2.2.3 Sources of releases of PAHS, in particular from theuse of CTPHT

In order to get an overview of the spatial disttibn of actual emissions, consideration needs to be
given to all the possible sources of CTPHT as waslltheir constituents (i.e. PAHSs) that may be
released.

In that respect, the following sources would havebé taken into account (bold font highlights
possible sources related to the use of CTRPHT

e Coke ovens;

» Coal tar distillation plants (which may be partlo¢ coke oven plant or operate independently
at another site);

 Industrial (or point) sources, such as:

Aluminium production sites (prebaked)

Anode baking sites (some of which takes place atahinium production sites);
Iron and steel production sites (electric arc furnaes);

Non-ferrous metals production sites;

Fine chemicals and carbide production sites;

Coke and solid smokeless fubliquettes) production sites;

Other sites where industrial combustion (e.g. c@ald, etc.) occurs;

O O0OO0OO0O0OO0OO0o

» The energy sector, including:

o0 Petroleum refining plants;
o Natural gas production sites;
o Electricity production plants (oil, coal);

« Domestic sources, such as:
o0 Burning of briquettes;

o Wood burning;
o Coal fires (stoves, fireplaces);

29 However, not all PAH emissions from the source midginate from CTPHT.
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Localised diffuse sources, such as:

Road paving;

Wood preservation produéés
Roofing;

Clay Targets,

o O Oo0Oo

Mobile sources, such as:

o0 Transport (fuel combustion);
o Natural fires and open burning;

Waste disposal sites, such as:

o Landfills;
o0 Waste incineration sites (sludge, municipal waste), and

* Municipal waste (or sewage) treatment works.

It appears that many unintentional sources cortilio the total emission of PAHs into the
environment which are not related to manufactugk e of CTPHT. Overall, it can be concluded
that a consistent description of the emissionseanigsion sources of PAHSs is not available.

As regards PAH emissions to air, it seems thatalgest emission sources are non-industrial, like
domestic combustion of solid fuels, the use of ctzatbased products (creosote) for wood
preservation and road transport; the emissionbexe three sources together can amount to 54%-
89% of the total PAH emission to air, dependenthanreferences (The Netherlands, 2008).

For emission of PAHSs to surface water even less dadvailable. Some industrial point sources can
be large emission sources of PAHs. Compared taugtnicl) point source data, the emission via
atmospheric deposition seems more important (Theaédands, 2008).

Overall, in the context of this report, it was mpaissible to undertake a quantification of the dctua
releases from the possible sources of emissioSTEHT (and its constituents) as no respective
detailed information was provided by the CTPHT isiy (both manufacturers and users). In
addition, it appears to be little relevant inforroaton this topic available in the literature. Foese
reasons it was also not possible to undertake ganson of releases of the constituents relevant
for the PBT properties of CTPHT with those fromnientional processes.

Consequently, it was not possible to develop anvidie mass balance, for CTPHT and its relevant
constituents. For that, quantitative informationuab be required on manufacture, import and
export of CTPHT (and its constituents, where appabdg), as well as information on releases from
manufacturing sites and all uses in the EU, inclgdhose from consumer uses, the waste phase or
those resulting from unintentional formation inim&ration and other processes. Information on
import and export of articles containing the subsgga conditions of use and the lifecycle of the
substance would have also been required.

30 pAH emissions from wood preservation may decrehgeto the entry into force of directive 2001/90/EThe
Netherlands, 2008)
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While every attempt has been made to obtain thessacy information, the absence of relevant
data in the literature or from consultation mads éxercise impossible.

7.2.3 Conclusions

Wide-dispersiveness of uses

As regards the characterization of the uses of CITiPHerms of their release pattern, it is relevant
to identify the wide dispersive uses as they atesiog the most relevant exposures of humans and
the bulk of PAH releases to the environment.

The term "wide dispersive use" is explained in GaaR.16.2.1.6 of the Guidance on Information
Requirements and Chemical Safety Assessment (E@QHB7b) as follows:Wide dispersive use
refers to many small point sources or diffuse re¢ehy for instance the public at large or sources
like traffic. ... Wide dispersive use can relate tahbindoor and outdoor use’In the Technical
Guidance Document for Risk Assessment of new arslieg substances and biocides (TGD, 2003)
this term is defined as followsWide dispersive use refers to activities whichwluncontrolled
exposure. Examples relevant for occupational exm@ostainting with paints; spraying of
pesticides. Examples relevant for environmentaBoomer exposure: Use of detergents,
cosmetics, disinfectants, household painits.addition, the ECETOC Report No. 93 on Targeted
Risk Assessment (Appendix B) statés: substance marketed for wide dispersive useédyl to
reach consumers, and it can be assumed that sgcibstance will be emitted into the environment
for 100% during or after us(ECETOC, 2004).

Wide dispersive uses are hence characterised lfg) ufea substance on its own, in a preparation or
in an article at many places that may result in msignificant releases and exposure to a
considerable part of the population (workers, comss, general public) and/or the environment.
This means that uses taking place at many plackghwhowever do not result in significant
releases of a substance, may be considered omMydespread’ but not as ‘wide dispersive’.

In general, consumer use can be considered asdigpersive if it can be reasonably assumed that
this use results in non-negligible releases. Psod@sl use can be wide dispersive as well if ietak
place at many sites and is carried out by many grsrknd if it cannot be excluded that releases are
negligible.

Depending on the information available, as mangassible of the following parameters have been
used as indicators to assess whether a use (anddiéing releases) should be considered ‘wide
dispersive’:

« Tonnage supplied to the use in question.
« The complexity of the supply chain and the numbeadors in the chain. In how many
settings/locations does the use take place? Wadhartypical sizes of these settings?

* In which form is the substance placed on the majleL as such, as part of a preparation,
infon an article)?

« Can the substance be released (and to which extent)g the service life of an article or a
preparation (e.g. paints, adhesives, detergents}y dar transformed (thereby loosing its
hazardous properties) or incorporated into a magig. polymer) in a way preventing
release?
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« Information on operational conditions and risk ngaraent measures.

 Information on whether there is occupational expes(guantitative or qualitative; e.g.
approximate number of exposed workers, informatmm releases to the working
environment, occupational exposure concentratioealith effects, OELS).

« Information whether there is consumer exposurer(tpagive or qualitative; e.g. possibility of
consumer use, information on consumer exposurdéhheféects, limit values).

* Releases to the environment (mainly for PBTs/vP\@Bg; t/y to the different compartments
air, water, soil).

* Possibility of releases during the waste phase.

* Monitoring information for a substance in enviromts compartments such as water,
sediment, soil or in biota.

In table 7.9 conclusions on the wide-dispersiveésise uses of CTPHT are summarised.

Complexity of supply chains

As far as the complexity of supply chains is cone€r it appears that, depending on the specific
uses of CTPHT, they can be rather simple (i.e. watther limited number of levels and/or of
parallel supply strands and/or number of actorsjatber complex, mainly when involving either
different industry sectors (e.g. medicinal produas a high number of actors. In any case, all
actors seem to be rather well identified and comopation should not be, even though not well
developed so far, a major issue.
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Table 7.9: Characterisation of the uses of CTPHThiterms of their release pattern

Use application

Annual quantity used
(in kilotonnes — kt)

Characterisation

Electrodes

- Prebaked anodes

400.0

Production of prebaked ar{fmienulation of electrode paste and baking ofahedes) appears to be

the step in the life cycle that causes the mostifsggnt PAH emissions. The number of electrodeirgk
plants and the number of workers potentially exdodaring these processes is currently unkno
However, given the amount of CTPHT used and the tfaat numerous plants for aluminum smelti
and steel production are located all over thetteyriof the EU, it is concluded that neither thenter of
workers exposed during the manufacture of the amode be considered as insignificant nor the am

wn.
ng

punt

of PAHSs released to the environment from anodergpkiants spread all over the EU. Consequently,

the use of CTPHT for prebaked anodes is consideseide-dispersive

- Carbon and graphite electrod
(including carbon and graphit
products other than electrodes)

£200.0
> (other products: 23.0)

The same considerations as for prebaked anodeg fmpplarbon and graphite electrodes, including

the

production of other carbon and graphite productser@ are plants for producing the electrodes in

several EU-countries, and plants for producing otdaebon and graphite products seem to be nume

rous

and spread all over the EU territory. Therefore, tise of CTPHT for carbon and graphite electrgdes

(including its use for other carbon and graphitedpicts) is considered asde-dispersive

+  Sgderberg electrodes

50.0

Around 20 kt of the CTRBEAd in Sgderberg electrodes is used in alumirmagitars and 30 kt i
supplied to other applications such as productioiemmo-alloys and steel. For Sgderberg electrothes
step in the lifecycle causing the most significamtissions appears to be the use of the electradbs

smelting processes themselves. As regards alumsmetiting, there are still 3 smelters operating i

Europe using Sgderberg electrodes. Given the ammalnt of CTPHT used for aluminum smeltir
these plants can be considered as very large PAMt pources. However, in addition there are v

&

gn
ery

many plants producing steel or ferro-alloys all ottee EU, which consume 30kt CTPHT per year

included in Sgderberg electrodes. Hence, it caadseimed that a significant number of workers
exposed to PAH emissions resulting from the usthedfe electrodes and that environmental releas
PAH will as well be considerable and widespreadadr the territory of the EU. Consequently, the
of CTPHT for Sgderberg electrodes is consideraslids-dispersive

Refractories

37.5

Refractories are used in madystrial applications such as production of metzdsnent, glass etc. &
well as in specialist applications in the aerospauwe nuclear industry. The main production capdoity
refractories seems to be located in Germany, ItBhance, United Kingdom and Austria. The E
refractories industry employs around 25,000 pedjlthough information on the releases of PAHSs fr
the use of CTPHT as binder for refractories israsent very limited, it can be assumed that att |
during the production of refractories and probabty well during their use and their waste ph
exposure of workers and releases to the environgamot be excluded. Given the number of work
employed by the refractory industry and its dowesstn users and considering the number of sites w
refractories may be produced or used, it is coraduithat the use of CTPHT for refractories should
considered awide-dispersive

Active carbon/carbon fibres

12.8

CTPHT appearseaused as an intermediate in the production of@atarbon and carbon fibres.
constituents are transformed during productionatifva carbon and carbon fibres to (forms of) carth
The final material does not contain CTPHT anymd¥etive carbon appears to be produced in clg

80

are
ps of

S

FU
DM
eas
ase
ers
here
be

ts
on
sed




Table 7.9: Characterisation of the uses of CTPHThiterms of their release pattern

Use application Annual quantity used | Characterisation
(in kilotonnes — kt)

vessels with control of emissions.
Although information about production of active lwan and carbon fibres is incomplete, it seems that
these uses cannot be considered as wide dispersive.

Paints and coatings 7.5 CTPHT in paints and costisgused for heavy duty corrosion protection oharete and steel
constructions and as sealing. Given the amounfTéfHT used for this application, the potential numpe
of workers exposed and the potential number o6 sifeapplication of coatings and sealings, whiah |ar
concomitantly sites of PAH release, it is conclutieat the use of CTPHT in paints and coatings shoul
be considered aside-dispersive

Briquettes 6.8 CTPHT is used as binder in brigagetBriquettes are still a common heating matariahany European
countries. Workers in the briquette production aas well as distributors and consumers may be
exposed to PAHs emissions from briquettes (duriagdhing).Although the major part of the PAHSs
contained in the CTPHT binder may be destroyedhduinicineration of briquettes, it cannot be exctlide
that a significant amount of PAHSs is released utidged. Taking account of the use and releaserpatte
the use of CTPHT in briquettes is considerediae-dispersive

Clay targets 6.0 Approximately 200 million CTPH&ded clay targets are used at many shooting ratigeger Europe
It is assumed that 50% of the used targets areveeed and disposed of. However, 50% remain in|the
environment and cause PAH releases. This use @dared asvide-dispersive

Roofing 5.3 For roofing, CTPHT is used in open amgtlons as impregnating, coating and adhesive tageainly
for waterproofing purposes. Supposed the figurg.8tkt/a supply of CTPHT to this use is correcgrth
very many roofs in European countries in which tiég is not prohibited may be treated with CTPHT
and many workers exposed to PAH emissions durigribcessing. Environmental releases of PAHs
during CTPHT application and service life of thef®occur as well. As recycling, respectively fate
after service life is not clear, there may be fertPAH emissions occuring in these life-cycle steps
Consequently, this use is consideredavate-dispersive

=

Road construction 15 It is not clear to whicheextCTPHT is still used for road construction, exjvely surface sealing @
special purpose areas, e.g. at airfields to retidan kerosene resistant. In principle, CTPHT cdaéd
used at many sites for paving and sealing purpasdsherefore the same considerations as for uge of
CTPHT for roofing apply. Therefore, use of CTPHT fmving and area sealing is considerevie-
dispersive

Other 22.7 There are 3 further uses known aboithaot much information could be obtained regagdamounts
of CTPHT supplied, sites, exposure and releases.

In two of these uses, the production of carbon lbland pyrene, CTPHT seems to be used as
intermediate (starting material) and the uses appedake place in (large) industrial settings. sThi
information is hinting towards a conclusion thatgh uses do not appear to be wide-dispersive.

The third use regards use of coal tar derivativemédicinal or cosmetic products. It is not clear
which extent CTPHT (or certain fractions of it)used for these purposes (confirmed is a volume6f|1
kg/yr) and what the releases from these application.

—
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8 CURRENT KNOWLEDGE ON ALTERNATIVES 3!

8.1 Analysis of current knowledge on alternatives per se of CTPHT

8.1.1 Production of electrodes

Information provided by industry (including alumimn industry and producers/downstream users
of carbon/graphite electrodes) indicates that tla@eecurrently no viable alternatives to CTPHT-
based electrodes.

With regard to the aluminium production proces® Huropean Aluminium Association (EAA)
claims that CTPHT is currently the only binder ahle for anode production and if CTPHT would
happen to be not available for that application Bugopean primary aluminium smelters would
have to shut down. Other sources confirm that theeeat present no known viable substitutes to
CTPHT-based electrodes in the aluminium produgbiamtess (Jacobs, 2006).

However, it appears that, in some particular casesnall portion of petroleum-based products are
combined with coal tar pitch in order to improve #gnvironmental performance of the anode. This
appears to be consistent with the literature revpegsented in Annex 6. A. to this report which
presents several recent research efforts madethatpurpose to develop petroleum-enhanced coal
tar pitches and/or alternative binders.

It also appears from information in the literatRRAR, 2008) and confirmed by industry (EAA,
2009) that the main potential alternative to prelshknodes is a new technology, which has been
developed at laboratory scale and is based on amerde%. However, this technology appears to
be still immature and costly. EAA (2009) indicatisat although a major company announced
around five years ago that they intended to steaist this company is yet to install these atrthei
own plants to date. EAA (2009) notes that it isreatly impossible to state specifically when (and
if) this technology will actually be available dmetmarket. There is also an open question regarding
whether there would be any advantage in installiigse inert anodes in an existing smelter or if
they could only be installed in a completely nepetyf design.

In summary, it appears that:

» over the last two decades, the electrode-manufagtuand use industry (including the
aluminium industry) has undertaken (and continweardertake) a number of research and
development (R&D) projects aimed at identifying table alternatives to CTPHT-based
electrodes. The potential use of petroleum-deriveders for producing anodes (with lower
PAH emissions) has also been evaluated (see AnrEx 6

31 Note: it has to be reminded that the teraltérnatives refers to either the use of an alternative suixstaor an
alternative technique or technology, or a combaratof them, including changes that make the prostsg
involving the use of substance redundant; all @séhsolutions should lead to substitution of thiesgnce in
guestion.

32 |nert anodes are electrodes that do not cherioadict with the molten material in the furnace émerefore wear
much less than graphite/carbon anodes becausathenecmaterial of this latter type of anodes reaéth oxygen
from the metal oxides (ores) to be molten.
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* no suitable replacement for CTPHT-based electrbdssyet been found which is technically
and commercially viable, and it cannot be predi¢iednd) when this will occur. However,
while economics drove hitherto efforts towards fingdalternatives the future key drivers in
the search for alternatives are likely to be rawtemal availability and environmental
regulations;

» there is information currently available and aci#eson research efforts involving CTPHT
manufacturers, aluminium smelters and various rekees discussing the results of various
research efforts to find replacements to CTPHTthéugh these efforts have been intense,
many of the evaluations undertaken appear to haweluped less than desirable (or
acceptable) results. However, in some cases, uhent trend is for a small portion of
petroleum-based products to be combined with arapitch to improve the environmental
performance of the anode. For the aluminium ingusitate-of-the-art emissions control
technologies (e.g. regenerative thermal oxidisingsy are being fitted on existing anode
baking plants and existing Sgderberg plants in giere being modernised; and

» although, there are two main groups of actors yegleto alternatives) in this supply chain
(i.e. the anode baking plants and the downstreaersusf electrodes), concrete details
regarding the current stage and extent of R&D &ffas not publicly available and co-
operation between actors in the supply chain &yiko be mainly at the ‘field-testing’ phase
of the R&D process (due to the potentially largekatibenefits relating to the discovery of a
suitable alternative).

8.1.2 Refractories

By definition, ‘binders’ refer to the raw materialghich are added to the refractory mixes to hold
the various aggregates and matrix particles togethe

Although there are many different types of bindevrailable, the technical suitability of the binder
(and type of bond formed) differs depending on tyyge of refractory. The refractory itself is
designed and manufactured such that its propeatesappropriate for the intended applications.

For instance, in the production of iron in a blésihace, the refractory should have sufficient
abrasion and heat resistance to the molten ironstagl interface, while refractories used in the
electric arc furnace should be able to toleratenteehanical impingement of the scrap iron and the
arcing (or hot spots) created from the electricenir

In other primary metal industries, such as alunmmidhe refractory properties requirements are
quite different from those used in steel makingresiéhe temperatures of the refining and alloying
processes are much lower than steel; however, tediee unique problem of penetration in the
refractories. The refractories should, therefore, designed so that it has a non-wetting
characteristic (which is introduced using spectiiives) to molten aluminium (Schacht, 2004).

Information in the literature identifies two mairogps of binders (Schacht, 2004):

* inorganic binders: this group includes materials such as variouy ctanerals, soluble
sulfates and sulphuric acid, sodium silicates,igalcaluminate cements, soluble phosphates,
polyphosphates, borates, etc; and

e organic binders. which includes materials such as pitches, resifighins and
lignosulphonates, dextrins and starches, celluloslyyvinyl alcohol, etc.
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More details about pitches and resins and the expmr gained in their use in refractories
applications is presented in Annex 6. 2. to thisore

In summary:

» according to some sources of information, phen@gins, despite its drawbacks, appear to
have already achieved extensive acceptance (and assalternatives to CTPHT-based
refractories (Schacht, 2004; Ewais, 2004). Otharcas indicate that standard coal tar pitches
have been almost completely substituted by petnol@itches or pitches obtained from a
special high temperature vacuum treatment of @gditch (Routschka, 2007);

» the extent to which this implies a phase out inuke of CTPHT (particularly in the EU) is
unknown (no information was received from the retivaes sector for this report);

» there is information currently available and actdseson the use of phenolic resins as
refractory binders which can be drawn upon by variactors in the supply chain, if required.
E.g. the European Phenolic Resin Association webgibvides information on various
refractory applications in which phenolic resinsymae used, including manufacture of
carbon bonded brick, manufacture of iso-pressedyats, tap hole clay resins and monolithic
applications (EPRA, 2009);

» the level of co-operation between actors in thepbughain in the development and
implementation of alternatives to the use of CTRHefractories applications is unknown.

8.1.3 Active carbon/Carbon fibres

Active (or activated) carbon can be made from ne&uhystances with high carbon content (e.g. coal,
wood and coconut shells). Davini (1999) indicatest tactive carbons can be prepared by suitable
pyrolysis of petroleum pitches and subsequent aitim of the obtained chars. However, the key
point to be taken into consideration when discugsgiossible alternatives is that the raw material
used has a very large influence on the charadtsriahd performance of the final ‘active carbon’
product (Chemviron, nd).

Similarly, carbon fibres can be obtained from dif& sources (e.g. rayon and polyacrylonitrile);
however, the final properties are different. Fatamce, pitch fibres usually display higher density
higher elasticity and higher electrical conductivitvhile polyacrylonitrile produces exceptionally
high strength fibres. Fibres from different sourcans, therefore, be used to complement each other
in their properties. Also, the yield from diffetesources varies largely: the yield of carbon fbre
from rayon is 20 - 25%, while that from polyacryiioite is around 45 - 50% and from pitch around
75 - 85%. This high yield from pitch was a key @a$or the increased use of pitch as a precursor
for carbon fibres (Franck & Stadelhofer, 1987).

In conclusion, alternatives appear to be availalsyever, there may be some perfomance trade-
offs that could limit the technical suitability oértain alternatives for specific applications.

No further information has been obtained on howtligr supply chain actors are in the process of
replacement of CTPHT-based active carbon/carbardjbon their actual level of knowledge on
and access to information on possible alternatiee® on their level of cooperation in the
identification and implementation of alternatives.



8.1.4 Paints and coatings

Information on the availability of alternatives fmaints and coatings was received from four
companies which were consulted when developingrémert:

* the first company indicated that the use of coabk ts not critical for its specific
applications;

- the second company indicated that, so far, no lsleitalternative has been proposed for its
applications in the marine sector;

- the third company indicated that there are coal ftae alternatives with performance
comparable to that of coal tar containing prodieiisthe current demand for coal tar products
comes from the customer on the basis of cost effaetsd® and long successful performance
history. According to this company, if the authi@stwould decide to ban the use of coal tar
containing products for coatings purposes, therplgens would have to comply and the
current supply strategies (which are mainly basedtle cost of the products) would
disappear.

» the fourth company indicated that it had alreadppgéd the use of coal tars in its products.

Furthermore, information found on internet suggéiséd replacement of coal tar-based paints and
coatings is possible. The example of a US compamghweplaced coal tar epoxies in its products
in 2006 due to concerns over VOC emissions and humalth, although they accept that there will
be some revenue losses initially, is given. Irt tteese, the coal tar epoxies have been replaced by
pure epoxy or modified epoxy products, which apptyehave equal or better performance
(Pipeline & Gas Journal, 2005).

While the above information could suggest a moreega trend away from coal tar-based paints, it

cannot be stated for certain if this is actualliyemd as the use applications of the coal tar-based
coatings appear to be quite specialist (or forgssional applications). However, it appears to be
the case that in some specialist applications aenaovay from coal tars has already occurred. For
instance, with regard to ship building, Cardolite) indicates that phenalkamines are curing agents
of choice to replace coal tar epoxy systems. Arranghnology based on polyamide is indicated to

be widely known but not as efficient as coal tabxgpsystems. The cost of phenalkamines is

slightly higher than other technologies but as ehggstems cure very quick, application costs are
also reduced. Colour could be a drawback if phemaikes are used for pale coloured top coats;
however this is not important for hull and balléetk coating. The superstructures and the deck
could be top coated with polyurethane or acryliar@lite, nd).

In summary:

* it is unclear at which stage the paints and coatindustry is in terms of replacing CTPHT,
due to the specialist and/or professional natuiitsafse. It is also unclear the extent to which
the information provided on suitable alternativpplees to individual companies, as opposed
to the sector, as a whole;

* information in the literature however suggests tlieglacement of coal tar-based paints and
coatings is possible and, in certain cases, alr@adgoing. On the other hand, there is no
information on how long a complete phase out wdale. It is also unclear if the producers
of the paints and coatings are able to supply reteres and whether these would be

33 coal tar free alternatives are estimated to berard..5 times more expensive on a per litre basispared to coal tar
based products
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technically suitable for the intended downstreanesughence, the continued demand by
customers as alluded to by the third company);

* no conclusions could be drawn on the level of cerafion in the supply chain as the
information provided appears to apply to individaaimpanies only.

8.1.5 Briquettes

8.1.5.1 Alternative substances

Although coal tar pitch is still widely used asiader in the production of briquettes, it appears t
be progressively replaced by petroleum-derived petsd

However, it appears that petroleum-derived materaad indicated to have a lower content of coke
forming components compared with coal tar pitch #nd may be a disadvantage when they are
used as the binders for non-caking coal briqudigeg. anthracites) (Speight, 1994). In a more
recent study, Paudt al (2002) explored the use of petroleum residuesragels and the effects of
feedstock, char and binder properties, as wellpgsating conditions were investigated. The study
found that the interaction of oxygen with the bindan be beneficial in increasing the mechanical
strength of formcoke briquettes. This interactidroxygen with the binder can be effected through
air-blowing and curing in air. The strength is aksehanced by the addition of asphaltene and
increased coking temperature. Adding 20%wt asph@lteesulted in a maximum increase in
strength, which made the petroleum residues of emaiype strength with coal tar binders (Paul

al, 2002).

It appears that a number of other alternative sulosts have been investigated over the years,
including the use of propane asphalt, phenolic negsipre-gelling starches, organic acids,
lignosulphate, magnesia cement and acetone asrbindgulphite liquor (a by-product obtained
from sulphite pulp process) has been found to Eessignificant adhesive properties. Starch also
has substantial adhesive power and is used in theufacture of charcoal briquettes used
increasingly in barbeque grills. When added at%-v@w as a solid or in a suspension, starch is an
effective binder for the production of coal brigest(Speight, 1994).

8.1.5.2 Alternative techniques

An alternative method for producing briquettes iwes the use of no binders. This process consists
of manufacturing briquettes from coal dust usingsgure. However, the coal must contain 5-12%
of water and have a high bitumen or resin content.

A binderless briquette can also be made by feedaad particles into a hot gas stream in a flash
dryer. This causes water to evaporate from the &@odlthe coal particles are then compressed into
briquettes.

In summary:

» there appears to be suitable alternatives to ta@UETPHT in briquettes;

* the extent to which industry is in the process @placing (or has replaced) CTPHT is
however unknown;

* information on alternatives is currently availabled accessible;

» the extent of co-operation between actors in thgplguchain in searching for alternatives is
unknown.
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8.1.6 Clay targets

The most widely used alternative to coal tar pitchlay targets is petroleum bitumen/asphalt (CAS
No 8052-42-4); other alternatives include polymesigbstances, resins, starch and gypsum
(AFEMS, 2009) or a mixture of several clays (withlsinder) (RAR, 2008).

CPC (nd) indicates that the manufacturing processlved in using petroleum pitch is more
difficult and complex compared with that requirenl manufacture CTPHT-based clay targets.
However, it is suggested that these complicati@ve lbeen overcome.

Information provided by AFEMS (2009) also indicatkat the use of petroleum bitumen requires

little technical adjustment (compared to coal tas)l the resulting clay targets have equivalent
quality to the coal tar-based clay targets. Howgeadimit to this alternative seems to be that the
special types of bitumen required by the clay tanggustry are not easily available. Another main

issue seems to be that this special petroleunmieituis four to five times more expensive than

CTPHT,; the use of this special bitumen is indicdtedonsequently increase the cost of clay targets
by around 220%.

Various other patents relating to different produttmethods and raw materials for making clay
targets can also be found online from the Worléllattual Property Organisation website (WIPO,
1995). These include:

» compressing a mixture of gypsum (70%) and ash (3@#h of which are waste products of
various processes) in a mould which sets instahily to a reaction of excess water in the
gypsum with the calcium oxide in the ash. The Ifipaoduct is non-toxic, but the
compressive force needed makes this option nonecospetitive;

* a slight variation on the above method, i.e. udnygproduct gypsum (40-70%), calcined
gypsum (containing less water) (1-22%), a metabdexio control the weight of the final
product (2-15%), and water. Other fillers can bedu® provide bulk and strength to the final
product, such as waste slag, siliceous earthsAgfain, the liquid sets the mixture during
compression, but only a moderate compressive figreequired and setting continues after
the product has been removed from the mould anthallexcess water has been removed.
This method creates a durable, non-toxic produskedtbeon low cost raw materials and
manufacturing processes; and

» another option (discussed in a US Patent, see tBtian, nd) involving the use of common
soil (70-80%), clay (15%) and a degradable, nonetdxnder material (10-15%). In this case,
the binder could be carbohydrate-based, sugar-pastedch-based, vegetable gum or
polymer-based.

According to AFEMS (2009), most of the alternatitescoal tar mentioned above (i.e. polymeric
substances, resins, or a mixture of several chaith Qo binder)) are mainly theoretical efforts and
none of these alternatives has reached the pretatigge. Also, some these substances would not
be environmentally acceptable (AFEMS, 2009).

In summary:
» there appear to be available alternatives to CTBE3ed binders in clay targets;
» these alternatives have already been adopted imtroesi where there are legislative

restrictions on the use of CTPHT. For countries neht@ere are no legal restrictions on the
use of CTPHT-based clay targets, the price of ttetanatives makes them non-viable;
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therefore, replacement of CTPHT has not yet ocduared is unlikely to occur in the absence
of legislation;

* information on alternatives appears to be easililable and accessible, and co-operation
between actors in the supply chain does not agpdss an issue.

8.1.7 Road construction and paving

As indicated earlier, coal tar appears to be nadonused for road construction or paving
operations. It is however indicated that an on-gaand important use of coal tar is in anti-skid
layers on runways in airports. EAPA (2009) indisatieat, according to information provided by
one company specialised in applying anti-skid layarairports, there are three possible techniques
for applying anti-skid layers, only one of thesehi@ques involving coal tar. This company
indicates that, while there are some alternatisesje airport authorities do specifically request fo
coal tar-containing anti-skid layers for their ruays). This company used around 500 tonnes in
2008 across Europe and indicates that this useci®dsing and is expected to end in the near future
(EAPA, 2009).

A US company (SGSC, nd) also notes that the USrBkdwiation Administration Specifications
(P-625, 627 and 628) accepts only CTP-based satihgs for use on airport projects, because the
CTP-based seal coatings offer greater resistanget tiuel. As noted by O’Flaherty (2002), the
main advantage of coal tar is that it is much laegserable, compared to bitumen, to the dissolving
action of petroleum solvents or distillates antherefore important in locations where spillages of
petrol, diesel and oil are likely (O’Flaherty, 2002

In summary:

» there appears to be, in a limited number of specifises (airports), a safety critical use of
CTPHT-based road tars;

» while there are alternatives, there appear to Ineesairports in the EU which, so far, only
accept CTPHT-based anti-skid layers; however, ¢lreagh no calendar for substitution has
been drawn at this point in time, it appears thsg specific use of CTPHT is currently
decreasing and expected to end in a foreseealle fut

» the extent of co-operation across the supply cfaithe development and implementation of
alternatives to CTPHT is not known.

8.1.8 Roofing

Coal tar's share of the roofing market has fallenthe last 20 years due to the discovered
carcinogenicity of coal tar pitch volatiles. In erdto protect its market share, and to reduce the
emissions, attempts were made to remove the caemso during processing but this led to
increasing base costs of coal tar pitch (Melladt). iResearch and development have now gone into
altering coal tar pitch to maintain its waterprogfiability but remove the health hazards. By adding
polymers, the coal tar pitch can now be laid hotold, to decrease volatiles, and it has now
become elastomeric (Mellott, nd).

It also appears that a number of alternative rgofigstems to coal tar pitch-based ones exist. Of
particular relevance to the properties of coalb@sed roofs seems to be the liquid waterproofing
systems (LWS): these are chemical compounds timbeaapplied to surfaces in liquid form and
which quickly ‘cure’ or dry to form a solid wategwf membrane. Bitumen was the first form of
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liquid waterproofing and has been used for thigppse for thousands of years. It is claimed by
industry that, in the last two decades, huge adk&ntave been made in liquid waterproofing
technology and there are now many other generiestygd liquid systems available and most of
these can be installed cold and are typically aphy brush, spray or roller (ELWA, nd).

High performance liquid systems are also claimeldet@ble to cope with extremes of temperature,
movement, UV degradation, complex design featumgsintenance traffic and wind uplift. It is
suggested that there is currently an increasingpance for the use of liquid systems, which now
would account for a substantial proportion andeasing part of the waterproofing market (ELWA,
nd).

There appears to be a quite comprehensive amounfarsfation on several possible alternative
roofing systems, such as EPDM membrane, thermaplpstyolefin, modified bitumen roofing,
liquid-applied monolithic roof system, built-up d&sit roofs and metal sheeting; more details are
given in Annex 6. 3. to this report.

In summary:

» there appears to be suitable alternatives to ta@U€TPHT-based roofing systems;

» the extent to which industry is in the process @blacing (or has replaced) CTPHT is
however unknown, even though it is claimed by samdestrial actors that (some of ) these
alternatives are ready for industrial/professionsd, accepted by users and even, in certain
cases, already implemented;

» information on alternatives is currently availabled accessible; and

» the extent of co-operation between actors in thgplguchain in searching for alternatives is
unknown.

8.1.9 Medicinal products

The available information on possible alternatit@ CTPHT in medicinal products applications is
very limited.

From the consultation launched for this report,ompany indicated that without the coal tars it
would be impossible to produce its medicinal pragdué second company also indicated that no
suitable alternatives have been identified so far.

The extent to which industry, as a whole, has mebeda suitable alternatives to CTPHT or is in the
process of replacing (or has replaced) CTPHT is\ank.

8.2 Conclusions

It appears that for most of the uses there is mé&tion on alternatives. For some uses of CTPHT,
there have even been a lot of efforts in termsegskarch and development in order to identify
possible alternative or, on the other hands, tdicorthe limits to replacement. However, in the

specific case of the use of CTPHT in medicinal patd, the available information on possible

alternatives appears to be very limited.
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According to the information available, most of thiormation on possible alternatives is available
to actors in the supply chain and apparently rgaditessible.

For most of its uses, CTPHT has started to be cegléor already a more or less long time, or its
replacement seems to be possible, and even foldeemna very short term. On the contrary, cases
where replacement has not started yet because latkaof available alternatives are clearly
identified. This is in particular the case for CTRBHased anodes, which represent a major part of
the volume of CTPHT used.

In general, the extent of communication and/or peration across the supply chain for the
identification, development and implementation bématives to CTPHT is not well known, but
does not appear as an issue which could be therrdas major difficulties and request a lot of
additional efforts in the development on authorsatapplications.
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Other information
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Al ANNEX 1. SUPPLEMENTARY INFORMATION ON HUMAN
HEALTH HAZARD ASSESSMENT

Al.1 Overview

In this annex, supplementary information is presémn human health hazards of CTPHT based on
the Annex XV Transitional Dossier (The Netherlan28308). Due to the lack of sufficient data on
CTPHT itself, information on PAH-constituents degetin CTPHT (and in particular on 14 of the
EPA 16 PAHSs with sufficient effect data availabkeused, and reference is made to closely related
compounds like coal tar pitch (CTP) and CTP vaati{CTPV). More details can be found in the
Annex XV Transitional Dossier. In this Annex sondldional data on CMR properties of CTPHT
or its constituents, from the PubMed and TOXNETimldatabases, have been furthermore
provided.

Al.2 Mutagenicity

Al.2.1In vitro data

Pertinent data on CTP and CTP volatiles (CTPV)ume for this evaluation due to lack of data on
CTPHT. CTP was found to be mutagenicSntyphimuriunstrains TA98, TA100 both with and
without metabolic activation (Solorzam al, 1993 cited in The Netherlands, 2008). In several
other studies it also has been reported that CTutagenic in bacteria (Machadobal, 1993 cited

in The Netherlands, 2008), yeast (IARC, 1985) armsnmalian cells (IARC, 1985). On the other
hand, althouglin vitro genotoxicity tests using mammalian cells mostlyegypusitive results, they
were not conclusive (The Netherlands, 2008).

Al.2.2In vivo data

No relevant animalif vivo) data addressing potential genotoxicity of CTPIiddal tar, coal tar
waste, or coal tar products could be found.

Al.2.3Human data

Although some human studies on the mutagenicitfC®P exist, there are not enough data to
conclude on the mutagenicity of CTPHT for humanihe general observation is that urine of
workers exposed to CTP or CTPV is not mutagenibaaterial gene mutation tests (IPCS, 1998
cited in The Netherlands, 2008). Exceptions afieeusamples of aluminium reduction plant
workers (Heussnest al, 1985 cited in The Netherlands, 2008), heavilyomga psoriasis patients,

and coke oven and carbon plant workers (IPCS, t868 in The Netherlands, 2008).

In the case oin vivo studies investigating effects on human blood cellsconclusive study could

be found, but few studies report increased genaitgxin populations exposed to CTP or CTPV
(e.g. IPCS, 1998, Arnoulet al, 1999 cited in The Netherlands, 2008).
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Al.2.40Other Relevant Information

In a number of cases of occupational exposure tBHOT PAH-DNA adducts in blood cells were
observed. According to these data, CTPHT shoulctgarded as genotoxic (SCHER, 2008).

Al1.3 Carcinogenicity

Al.3.1Carcinogenicity: Oral

No studies were found on the potential carcinoggniof CTPHT itself after oral exposure of
animals. Few studies tested carcinogenicity of tavamixtures and BaP after oral exposure. One
of these studies suggested that BaP in the coaliéés causes fore stomach tumours in rodents,
while other genotoxic components cause lung aner liumours (Culpet al, 1996 cited in The
Netherlands, 2008). Furthermore, the occurrencenudll intestine tumours were attributed to
chemically-induced cell proliferation.

In another study, where BaP was administered bygmvio rodents, dose related carcinogenic
effects were observed in the liver, fore stomaath gmidermal structures (RIVM, 2001 cited in The
Netherlands, 2008). Of these, the effects on rerconsidered to be the most relevant for humans
(The Netherlands, 2008).

Al.3.2Carcinogenicity: Inhalation

Animal studies using female Wistar rats (Heinrgthal, 1994 cited in The Netherlands, 2008), and
newborn female mice (Schulét al, 1994 cited in The Netherlands, 2008) showed as®d lung
tumour growth after inhalation of CTPHT. No otlegans developed exposure-related tumours
besides the lungs. Therefore CTPHT was conclualée definitively carcinogenic in rats and mice
causing lung tumours after inhalation exposure (ERH2008).

Al.3.3Carcinogenicity: Dermal

While no information was found on the carcinogdyicf CTPHT after dermal exposure, dermal
exposure to 40% solutions of CTP caused skin tumasr well as pulmonary adenomas, and
squamous cell carcinoma of the stomach in whiteenfiireeva, 1968 cited in The Netherlands,
2008). In addition, when male mice were treatedh\@itoluene solution of a CTP, they developed
malignant and benign skin tumours (Emnattal, 1981, cited in The Netherlands, 2008).

Al1.3.40ther Relevant Information

Epidemiological data referring to different usesl @xposures to CTPHT are summarised in Table
Al.1 from the Annex XV Transitional Dossier (ThetNerlands, 2008).

Al.4 Toxicity to Reproduction

Al.4.1Effects on Fertility
No relevant data were found on the toxicity to ogjuction of CTPHT.
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Table A1.1: Epidemiological Data Relevant for theifferent Human Exposure Cases
Exposure Case Reported Type of Cancers Referencetéd in The
Netherlands, 2008)
Production of CTPHT in coal | Lung and bladder (statistically| Armstronget al, 2003
tar distillation plants non significant)
Aluminium industry Lung and bladder cancer; Ronneberg and Langmark,
excess risk of stomach, kidney, 1992

prostate, pancreas, lymphatic
and haemopoietic cancer and

leukaemia
Use as a binder in asphalt No conclusive data Partanen and Boffetta, 1994
industry and in roofing
Use in heavy-duty corrosion | Increased mortality due to IARC, 1985

protection or as a binder for | bladder and prostatic cancer
refractories, coal briquetting,
and clay pigeons

Al.4.2Developmental Toxicity

No relevant data were found on the developmensatity of CTPHT.

Al.4.3Human Data

No relevant study was found on the toxicity fornaguction of CTPHT to humans. No impact on
sperm counts was reported for workers exposed \VOWard, 1988 cited in ATSDR, 2002).

Al.4.40ther Relevant Information

No other relevant information was found.
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A2 ANNEX 2. SUPPLEMENTARY INFORMATION ON
ENVIRONMENTAL FATE PROPERTIES

A2.1 Terrestrial bioaccumulation

Very limited information on the potential for biaagnulation in terrestrial organisms is included in
the Annex XV Transitional Dossier (The Netherlan2808). Terrestrial bioaccumulation can be
described as a hydrophobic equilibrium partitionipgtween the pore water and the internal
concentration in organisms. According to the Techiniguidance document the BCF can be
estimated based on the Kow and the density of tiganism, by an equilibrium partitioning
equation. This equation is applicable for estingatime BCF in earthworms, but not to isopods. In
the Annex XV Transitional Dossier on CTPHT, bioatediation in earthworms was estimated by
using the equilibrium partitioning equation, reswdtin BCF values in the range of 450 to 46,000,
with BCFs below 2,000 for anthracene, phenanthrénetanthene and pyrene (The Netherlands,
2008).

A2.2 Secondary poisoning

Based on the limited information on toxicity of tiselected PAH to birds and mammals, no
assessment of secondary poisoning can be made T®HT according to the Annex XV
Transitional Dossier. Food web transfer of PAHs ntlagoretically occur in both aquatic and
terrestrial environments. However, no indicatioh®iomagnification have been identified. This is
explained by relatively high rates of metabolisnd @xcretion of PAHs in vertebrates and some
invertebrates (The Netherlands, 2008). AccumulatbRAHs metabolites by predators is a further
possible phenomenon, which though has receivedddhattention (The Netherlands, 2008).
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A3 ANNEX 3. MANUFACTURING PROCESS OF CTPHT

Coal tar is manufactured as a by-product of theingplof coal (coal carbonisation) to produce
metallurgical coke (used in steel production).his process, coal is heated in a coke oven (fonnd i
coke plants or as part of steel works) to extreaneperatures (of 1,250 - 1,350°C) to produce coke
(the primary product), high temperature coal tarc@ke oven tar) and other by-products which are
collected outside the coke oven.

Historically, slightly lower temperatures (of 1,00,100°C) were applied in continuous vertical
retorts (CVR) used in the manufacture of town gayiéld high temperature, coal tars (or CVR
tars) (KEMI, 1994). Other processes capable of gimg coal tar include the production of
domestic coke and synthetic natural gas from cohichv takes place under relatively mild
conditions (at 600 - 750°C for 4 - 6 hours) yietgwhat is known as ‘low temperature coal tar’
(KEMI, 1994). Stompel (2009), however, indicatéstf in the main, these low (and middle)
temperature coal tars are no longer being prodasetthe production processes (which resulted in
their production, i.e. gas making and coal carletios for gas production) have now ceased.

Crude coal tar from these processes is a complekurai of over 350 aromatic compounds and
further distillation is required to separate andifguthe components of the coal tar. During the
distillation process, which takes place at a refingvhich may be part of the coal tar producing
plant or operate independently at another sit®),cthal tar is heated in a large closed vessel such
that the lighter components boil off first, the Wiea components boil off at higher temperatures and
the various fractions are collected at differentls of the distillation tower. As shown in Figuge
there are two main outputs from the distillationgess:

» distillates: these are the volatile fractions which are caggtuas vapours and condensed to
liquid and can also be mixed according to the dations of the desired final end product.
A ‘re-distillate’ is the product of a repeat dikdtion process on a distillate, usually carried out
to improve the purity of the product; and

» pitch: this refers tahe least volatile residue not captured as a vapadris essentially the
‘distillate residue’. This is typically the largesy volume and most important product of the
distillation process and the type of pitch requi(edy. softness) governs the end temperature
of the distillation process (and vice versa).

The distillation process essentially separatectiat tar into fractions, which are either soldssr
further processed to achieve the required spetiditea Most modern distilleries employ
continuous stills with multiple columns and reciation (Jacobs, 2006). Figure 3 overleaf provides
a schematic description of the production processde Figure 4 provides a flowchart of the typical
primary products from coal tar distillation (as e the primary end markets and end products).
For the particular company represented in FiguiduBng the distillation process, heat and vacuum
are utilised to separate coal tar into three pryntamponents: carbon pitch (~50%), creosote oils
(~=30%) and chemical oils (~20%) (Koppers, 2008)e Themical oils are essentially mixtures of
light oils, carbolic oils, anthracene oils, napln& oils, etc. and these can be further refined to
produce items such as naphthalene, tar acids,adwvehs naphtha.

Probably more representative across companiehargypical proportions of the various distillates
as described by Franck & Stadelhofer (1987): pits@ - 55%), anthracene oil (20 - 30%),
naphthalene oil (10 - 12%), wash oil (7 - 8%), céidooil, flourene oil and methyl naphthalene (2 -
3% each). In practice, the exact mix produced ditfer by company and depending on local
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markets; for example, in Japan, increased valuplased on creosote, so pitch manufacturers
attempt to produce as much of it as possible (Fc2®06). Koppers (2008) does, however, note
that because all coal tar products are produceeklatively fixed proportions to coal tar pitch
(CTP), the level of CTP consumption generally datees the level of production of other coal tar
products.

| PRODUCTION OF COAL TAR PITCH
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Figure 3: Coal tar production process (Koppers, 1998)
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Coal tar pitch, high temperature (CTPHT) (CAS N®®5-93-2) is the residue from the distillation
of high temperature coal tar (under vacuum in dosgstems). It is a complex hydrocarbon
mixture consisting of three- to seven-membered eonsdd ring aromatic hydrocarbons, high
molecular weight compounds, heterocyclic compoumtsl benzocarbazoles (RAR, 2008a).
CTPHT does not show a distinct melting or cryssaliion point as it is composed of many different
compounds which interact to form eutectic mixturasher, it is characterised by its softening point
which can vary (from 30°C to 180°C), depending ba tepth of distillation (KEMI, 1994;
IUCLID, 2000).

In this regard, it is important to clarify that therms ‘pitch’, ‘carbon pitch’ or ‘coal tar pitctdre
commonly used to refer to the residue left at the ef the distillation process. All the following
synonyms can be found in literature: anode pitaiddx pitch, clay pigeon binder, electrode pitch,
hard pitch, impregnating pitch, pitch, soft pitelacuum pitch (The Netherlands, 2008). In this case,
the name - coal tar pitch, high temperature (CTPHIgsentially reflects the fact that the residue o
pitch is obtained from high temperature coking @ldar. It, therefore, appears to be the case that
CTP and CTPHT are (or have been) used rather hdageably in the literature. This is further
complicated by the fact that CTPHT is also knowifaasl has the following synonyms according to
IUCLID (2000)) binder pitch, anode pitch or electeo pitch - although, technically, further
processing (or coking) of CTP may be required teppre these pitches. In this context, it is
important to clarify that, for the purposes of tlsigidy, all information on CTP (except where
explicitly stated) is assumed (and believed) terégdb CTPHT. Discussions with a coal tars
manufacturer confirm that CTP and CTPHT indeedrreféhe same substance.
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A4 ANNEX 4. USES OF CTPHT DESCRIBED USING THE USE DES@RIPTOR SYSTEM SET OUT

IN THE GUIDANCE ON

ASSESSMENT, CHAPTER R.12

INFORMATION REQUIREMENTS AND CHE MICAL SAFETY

End use Sector of Use (SU) NACE Type of Preparation Process Category (PROC) Article TARIC Consumer Quantities
description Product Category (PC) Category Codée? exposure used
(AC)
Binding agent in | SU3 - Industrial C20.5.9 - PCxyz - Other products | PROCS - Mixing or blending | Not Not No 400
the production of:| manufacturing (all) Manufacture | (UCN Code B20300 - in batch processes for applicable | applicable
of other Other binding agents) formulation of preparations and
(a) Prebaked chemical articles (multistage and/or
electrodes products n.e.c. significant contact). Industrial
setting
(b) Graphite SU3 - Industrial C20.5.9 - PCxyz - Other products | PROCS - Mixing or blending | Not Not No 200
electrodes manufacturing (all) Manufacture | (UCN Code B20300 - in batch processes for applicable | applicable
of other Other binding agents) formulation of preparations and
chemical articles (multistage and/or
products n.e.c. significant contact). Industrial
setting
(c) Sgderberg SU3 - Industrial C20.5.9 - PCxyz - Other products | PROCS - Mixing or blending | Not Not No 50
electrodes manufacturing (all) Manufacture | (UCN Code B20300 - in batch processes for applicable | applicable
of other Other binding agents) formulation of preparations and
chemical articles (multistage and/or

products n.e.c.

significant contact). Industrial
setting
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End use Sector of Use (SU) NACE Type of Preparation Process Category (PROC) Article TARIC Consumer Quantities
description Product Category (PC) Category Codé exposure used
(AC)
Binding agent in | SU3 - Industrial C23.2.0 - PCxyz - Other products | PROCS - Mixing or blending | Not Not No 37.5
the production of | manufacturing (all) Manufacture | (UCN Code B20300 - in batch processes for applicable | applicable
other refractory of refractory | Other binding agents) formulation of preparations and
agents products articles (multistage and/or
significant contact). Industrial
setting
Production of SU10 - Chemical C20.6.0 - PC2 - Adsorbens PROC?2 - Use in closed, C20 - Other No 12.8
Active Carbon formulation and/or Manufacture continuous process with
(Carbon Fibres) | repackaging of man-made occasional controlled exposurg
fibres (e.g. sampling); industrial
setting;
Paints and SU10 - Chemical C20.3.0 - PC1 - Adhesives, Sealan{sPROCS5 - Mixing or blending | Not Not Unlikely, as 7.5
coatings formulation and/or Manufacture in batch processes for applicable | applicable | mainly used
repackaging of paints, formulation of preparations and in specialist
varnishes and| PC9 - Coatings and paintsarticles (multistage and/or applications
similar fillers, putties, thinners significant contact); industrial
coatings setting
Binding agent for | SU3 - Industrial C19.1.0 - PC13 - Fuels PROCS - Mixing or blending| Not Not No, as 6.8
coal briquettes manufacturing (all) Manufacture in batch processes for applicable | applicable | CTPHT is
of coke oven formulation of preparations and totally
products articles (multistage and/or volatised in
significant contact); industrial the production
setting process
Binding agent for | SU18 - Manufacture of| C32.3.0 - PCxyz - Other products | PROC14 - Production of Not Not Yes 6.0
clay targets furniture Manufacture | (UCN Code B20300 - preparations or articles by applicable | applicable
of sports Other binding agents) tabletting, compression,
goods extrusion, pelettisation;

industrial setting
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End use Sector of Use (SU) NACE Type of Preparation Process Category (PROC) Article TARIC Consumer Quantities
description Product Category (PC) Category Codé exposure used
(AC)
Impregnating, SU19 - Building and F43.9.1 - PC10 - Building and PROCxyz - Open processing | C18.2 - Not Possible short| 5.3
coating, and construction work Roofing construction preparations| and transfer operations at Building applicable | exposure (1
adhesive material activities not covered elsewhere elevated temperature material for day) at very
used for roofing outdoor use low frequency
(10 yrs)

Binding agent for | SU19 - Building and F42.1.1 - PC10 - Building and PROCxyz - Open processing | C18.2 - Not 15
road construction| construction work Construction | construction preparations| and transfer operations at Road applicable

of roads and | not covered elsewhere | elevated temperature surface

motorways material
Medicinal SU10 - Chemical C21.1.0 - PC29 - Pharmaceuticals PROCS3 - Use in batch and| Not Not Yes
Products formulation and/or Manufacture other processes (synthesis) | applicable | applicable

repackaging of basic where opportunity for exposure

pharmaceutic arises; industrial setting

al products
Notes

1. NACE codes are used as additional descripto8it

2. TARIC codes are used as additional descrifitosC.
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A5 ANNEXS5. FURTHER INFORMATION ON ALTERNATIVES

A5.1 Review of efforts towards developing alternativeto CTPHT-based
electrodes

Information obtained from a literature review imaties that recent research work has examined the
development of alternative binders from variousrsesl of pitches, namely,

petroleum pitch which is a residue produced from heat-treatmaend distillation of
petroleum fractions;

coal-extracted pitcha product of the pre-hydrogenation of coal fokowby extraction
using a dipolar solvent; and

gasification pitch which are distilled by-product tars produced frtme coal gasification
process.

Each of these alternative pitches was mixed wisttaadard coal tar pitch at various mixtures and
laboratory-scale test anodes were formed and studlee results of this study (PSU, nd) show that
the petroleum pitch offers a potential to be useddditives to the standard coal tar pitches fer us
as binders in aluminium anode production, while tddition of coal-extracted pitch and
gasification pitch give comparable anode propentween the ratio of standard coal tar pitch and
alternative pitch is greater than 50:50. PSU (raterihat further work needed to be conducted to
study the causes of improvement of adding alteragtitches to better understand the roles of the
binders from various types of pitches.

Another major manufacturer of coal tar pitch isoalsvolved in strategies towards developing
petroleum-enhanced coal tar pitches. This compaotgsnthat, with the exception of a few
instances, the aluminium industry’s experience wiff0% petroleum pitch has been less than
desirable with uneconomical carbon consumptionpoa performance experienced.

During the development of coal tar/petroleum piproducts, the aim has been to combine the
positive characteristics of both the coal tar aattgdeum components to produce a quality product
with equal or improved properties. In 1994, thisnpany began testing of the coal tar/petroleum
pitch product on a commercial scale. Results diygasting indicated that acceptable performance
was obtained with some small performance disadgastaespecially with respect to air reactivity.
Since the development of the first product, efféotsmprove these slightly deficient performance
characteristics have resulted in a product withroupd performance. This company indicates that
the use of petroleum-enhanced coal tar pitch iptherred long-term solution to coal tar because:

1) itis the most economical alternative;

2) the performance has been proven over three yeaanuhercial use;

3) the required petroleum material is readily avagadhd the supply has potential to
grow with demand; and

4) a product of consistent quality is provided (Kompdr998).

Another paper (Koppers, nd) describes further &fftw develop coal tar/petroleum pitches. The
product development effort took a dual product paitih one product targeted for prebaked anode
and graphite electrode binder applications. Thiglpct eventually contained approximately 15% of
the petroleum component and 85% of the coal tarpoorent and was designed to perform in a
similar fashion to the traditional coal tar bingstch. The product was designated Type A pitch.
The second product was developed specifically ttmee polynuclear aromatic (PNA) emissions
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from Sgderberg plants and was designated TypedB.pltype B pitch is produced by a patented
process which results in a binder pitch which cimistd0 % less PNA's than a typical coal tar pitch.
Type B pitch is composed of approximately 40% @f pretroleum component and 60% of the coal
tar component. Type A pitch is now a proven conuiaérproduct with over five years of
commercial use. At the time, Type B pitch did navé the extent of commercial use as Type A
pitch; however, it produces significantly lower Bakiissions. With the likelihood of increasing
environmental pressures for the reduction of emissi Type B pitch may be the most economical
alternative. Development efforts will continue tevelop new and improved coal tar/petroleum
pitch products (Koppers, nd). Fischer (nd), howewetes that for coal tar pitch/petroleum pitch
blends, process adaptation during paste produdcsiaequired in order to obtain a good anode
quality.

A paper presented at the 1997 TMS Annual Meetingréuh et al, 1997) suggests that a petroleum

pitch, specially developed for aluminium anodes wasduced, at commercial scale, as a real
alternative to coal tar pitch. Using a highly ardimaefinery stream and well designed process
conditions, the paper indicates that it is possiblproduce the right chemical composition needed
for a high quality binder material for anodes. Tugb a Dynamic Process Optimization study, the
paste formulation and parameters were adjustedadupe full size anodes with 100% petroleum

pitch. The performance of baked anodes was sittulapal tar pitch anodes, with the advantage of
a much lower content of PAHs (Marzat al, 1997). EAA (2009), however, notes that the use of
petroleum pitch lowers the emissions of high mdiecweight PAH components, but not the low

molecular components and does not lead to lowessams of other volatile compounds.

Finally, the use of wood char as an alternativecdal tar pitch in carbon anodes is also being
explored by researchers through the Light Metadgy$tip (Australia) (CSIRO, nd). Biomass is an
attractive alternative because it is renewabletasla low sulphur and ash content. Using biomass
for anodes production would also make the processntpouse neutral — carbon dioxide liberated in
the production process is absorbed by the suceegsowing of trees. However, the low density of
wood char means additional processing is requogadduce aluminium anodes.

Researchers are thus blending charcoal with biogicmake a coke-like material in an effort to
overcome this issue. Characterising various chés@val their properties is an important part of the
project. This knowledge will help researchers depddioanodes that perform the same function as
traditional anodes. Early research suggests anomthugtion from softwoods and hardwoods will
require different process methods because of tiégue cellular structures (CSIRO, nd).

A5.2 Uses of organic binders in refractories applicatios

The discussion below focuses on the two main tgb@sganic binders - pitches and resins - which
have verifiable use experience in refractories.

With regard to pitches, it should be noted thas¢hean be derived from either coal or petroleum.
However, Schacht (2004) indicates that both tyggstohes have fallen out of favour due to their
carcinogenic properties and PAH contents. Howelvemotes that coal tar pitches contain around
6% by weight of quinoline insolubles (small, solatganic particles), while petroleum pitches do
not have these insolubles. For this reason, petmolgitch is also used for impregnating previously
shaped refractories and enhancing slag resistascé (loes not contain quinoline insolubles that
can block pores in the refractory body and limi¢ ghitch penetration (Schacht, 2004)). This is
consistent with information by Ewais (2004) whicbnirms that the physical properties of the

113



pitch influence processing behaviour; conversélg,dhoice of the binder is also determined by the
particular processes in use.

The RAR (2008) also notes that the pitch indusfyproposing to use pitches with a higher

softening point resulting in a lower BaP contenB00 ppm compared to current levels in pitches
ranging up to 20,000 ppm. This appears to be ctamsisvith the fact that, although hard coal pitch

has the best performance/cost ratio of all cokimgldrs, due to stricter environmental protection

legislation, standard coal tar pitches seems te Ih@en almost completely substituted by petroleum
pitches or pitches from a special high temperata@ium treatment of coal tar pitch (Routschka,

2007). This indeed results in a reduction in tvellef PAHs to as low as a tenth of the level found

in bricks bonded with coal tar pitch (Routschka) 20

Resins were originally derived from coal, but preésemost resins come from petroleum sources.
Both Schacht (2004) and Ewais (2004) indicate doat to the potential health (and environmental)
hazards in the handling of pitches, resins andrpefg have become favoured alternatives. Phenolic
resins do not contain carcinogenic substancesmpaason with the pitches.

Two major thermosetting phenolic resins are usdtierefractories industry: novolacs and resoles.
Novolacs require the addition of a hexamethylerieangine catalyst for polymerisation during
coking, while resoles contain a built in catalyStcljacht, 2004). Compared with pitches, mild
elevated temperatures are required during the ptaotuprocess (based on a cold mixing method)
which results in energy savings. Phenolic resimgth(lmovolacs and resoles) are also preferred
because they are thermosetting and can be pyrothegag coking to achieve a high carbon yield.
Other advantages are that: (a) the products camdoessed in uncured conditions; (b) the products
have no plastic phase when heated up (in conwasiripitch binders); and (c) the carbon content
can be increased to augment resistance to abrassslag attack (Ewais, 2004).

Phenolic resins, however, have some drawbacks &®@04; Schacht, 2004):

* phenolic resins generate gases such as ethylearolpleresol and xylenol when carbonised
in temperature ranges of 350 - 650°C causing dufpmn and odour;

 the structure of the phenolic resin used as birgddense and, as such, is liable to destruction
due to the evolution of decomposition gas on hgatin

» the carbon produced from phenolic resin is a glassipon, inferior in resistance to spalling
(breaking off of some fragments); and

e care needs to be taken regarding curing of then rasisome resins tend to harden in a
comparatively short time reducing the time the wax be retained before it must be shaped

into bricks or other desired shapes. Care alsd teebe paid to the wettability of graphite by
resins, as some chemicals used in graphite beatdiciprocess can impact on this feature.

A5.3 Alternatives to roofing applications of CTPHT

Examples of alternative roofing systems include:

« EPDM membrane: a single-ply synthetic rubber roofing membraneiclwhhas good
weatherability and is impermeable to water so caruged in all climate zones. It seems to
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require little maintenance once installed and ss &dow lifetime cost. According to its
material safety data sheet, a potential hazarcceged with its use appears to be the potential
for toxic fumes to be given off if it is burnt;

Thermoplastic polyolefin: a new single-ply product which has an expandingketatue to its
ease of installation, reflective and energy-sawjoglities and durability. As with EPDM, a
potential hazard appears to relate to toxic gddbe imaterial is burnt;

Modified bitumen roofing: this involves reinforcing materials coated withuloiien and the
addition of polymers to the bitumen to achieve iavad characteristics. There is usually a
mechanically attached base sheet. The hazardsiaesbwith modified bitumen relate to
skin contact with hot product (leading to burns)d amhalation of fumes (leading to
respiratory tract irritation, nausea and unconsness). As the fumes are flammable, work
should be done in a well-ventilated area;

Liquid-applied monalithic roof system: this is made of high-tech polymeric resins sush a
urethanes, or bitumens which have been modified palymers such as SEBS. The roofing
material is applied as a liquid using brushes dlemr® and cures quickly to form a tough,
rubber-like membrane with no seams. Liquid coaihgve few hazards because they are
installed cold. Bitumen was the first form of liguivaterproofing and has been used for
thousands of years. Benefits of new liquid roofaygtems include (a) seamless membranes
with no joins even on complex roofs; (b) ease statlation; (c) their cost effectiveness; (d)
membranes can be applied on top of existing ro@@};they can cope with a range of
temperatures; (f) they can be walked on; and (g¢span in excess of 25 years;

Built-up asphalt roofs. these are similar to coal tar roofs but use as@maltgravel instead of
coal tar bitumen; and

Metal sheeting e.g. lead, copper and slate or clay tile.
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