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PROPOSAL FOR A RESTRICTION

A. Proposal

A.1 Proposed restriction(s)

A.1.1 The identity of the substances

Chemical Name:
EC Number:
CAS Number:

Chemical Name:
EC Number:
CAS Number:

Chemical Name:
EC Number:
CAS Number:

Chemical Name:
EC Number:
CAS Number:

Chemical Name:
EC Number:
CAS Number:

Chemical Name:
EC Number:
CAS Number:

Chemical Name:
EC Number:
CAS Number:

Benzo[a]pyrene
200-028-5
50-32-8

Benzo[e]pyrene
205-892-7
192-97-2

Benzo[a]anthracene
200-280-6
56-55-3

Dibenzo[a,h]anthracene
200-181-8
53-70-3

Benzo[b]fluoranthene
205-911-9
205-99-2

Benzo[j]fluoranthene
205-910-3
205-82-3

Benzo[k]fluoranthene
205-916-6
207-08-9
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Chemical Name: Chrysene
EC Number: 205-923-4
CAS Number: 218-01-9

A.1.2 Scope and conditions of restriction(s)

It is suggested to add the following text to emMiy. 50 of Annex XVII of the REACH regulatidn

50. Polycyclic aromatic hydrocarbons (PAH)
1. Benzo[a]pyrene (BaP)

CAS No 50-32-8

2. Benzole]pyrene (BeP)

CAS No 192-97-2

3. Benzo[a]anthracene (BaA)

CAS No 56-55-3

4. Chrysene (CHR)

CAS No 218-01-9

5. Benzolb]fluoranthene (BbFA)
CAS No 205-99-2

6. Benzo[j]fluoranthene (BjFA)

CAS No 205-82-3

7. Benzo[k]fluoranthene (BkFA)
CAS No 207-08-9

8. Dibenzo[a,h]anthracene (DBAhA)

CAS No 53-70-3

5. Articles which could be used by consun
(including articles in contact with the o
mucosa, toys, and childcare articles) shall ng
placed on the market, if they contain any of

ers
ral

t be
the

PAHSs listed in column 1 at levels above the limit

of quantitation (LOQ).
Currently this LOQ is located at
0.2 mg/kg

for any of the listed PAHs when measured V
the method ZEK 01-08 as issued by the Ger,
'Zentralstelle der Lander fur Sicherheitstech
on December 3, 2008.

If such articles consist of more than ¢
component, the above limit applies to 4

vith
man
nik'

ne
any

particular component of an article containing

PAHs for which direct contact with skin and

or

mucous membranes is foreseeable. The latter

also includes exposure by inhalation or the
route.

The Commission shall re-evaluate at five-y
intervals the state of the art in chemical anal
methodology routinely available to monitori
authorities in the European Union. The ab
LOQ shall then be adapted to the techn
progress, if necessary.

oral

ear
ySis
ng

ove
ical

—

6. Paragraph 5 shall apply beginning from...

(DD/IMM/YYYY)

11t is noted that the current entry already cossistfour sub-sections. It is therefore suggesteddd the proposed
restriction text starting with point no. 5. Pleasgte also that the text describing the proposechoaedf chemical
analysis is reproduced in Appendix 7 (German vejsié detailed summary in English will be made #fale in the

accompanying IUCLID dossier.
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A.2 Summary of the justification
A.2.1 Identified hazard and risk

A.2.1.1 Description of and justification for targeting of the information on hazard and
exposure

This restriction proposal is limited to consumeticées, i. e. articles ‘that could be used by
consumers$' (Art. 68 (2) of the REACH regulation), also refedrto as 'consumer products' in this
dossier. Single substances or PAH-containing mediuhat could be used by consumers are not
addressed by this proposal.

A.2.1.2 Description of the risk to be addressed by the prapsed restriction
A.2.1.2.1 Information on hazard(s)

General information on hazard with regard to huinealth

Consumer products containing one or more polycymta@matic hydrocarbons (PAHSs) as listed in
entry 50 of Annex XVII of the REACH regulation (Re@C) 1907/2006) are considered severely
hazardous based on their carcinogenic and mutageoperties, as well as their potential for being
toxic to reproduction.

All eight PAHs discussed in this dossier are cfass$icarcinogens of category 2 (DSD) or 1B

(CLP), respectively. Benzo[a]pyrene (DSD Cat. 2} amrysene (DSD Cat. 3) also are legally

classified mutagens. Lack of classification for thier congeners does not necessarily reflect
absence of genotoxicity, but may rather be attebbuto the comparatively limited database

available for these compounds.

The focus of this dossier is placed on the car@nagty of BaP and the other PAHs under

guestion. The observed mutagenic properties by sbbms do not allow for a quantitative risk

characterisation but are considered in a qualgatray, i. e. in establishing the mechanism behind
PAH carcinogenicity.

The potential of at least BaP to cause toxicitygproduction is noted. However, for this type of
toxicity usually threshold dose levels can be assjnbelow which no substance-related adverse
effects are expected. Consequently, it was coraidemlikely that the resulting DNELs for
reproduction toxicity would fall below the DMELSs gposed in this dossier on the basis of non-
threshold carcinogenicity. Therefore reproductiaxidity was not evaluated further in this dossier.

It is noted that with respect to carcinogenicitjjldren have to be considered a particularly
sensitive sub-population, both in terms of an iehegreater sensitivity and their longer remaining
life-span (increasing the statistical risk for thevelopment of cancer following exposure towards
PAHS).

! Substances for which restriction is proposed megur in consumer products defined as ‘articleRIBEACH Art.
3(3). The use of CMR substances as such or in pgpas (according to REACH Art. 3(2)) placed oe tharket for
sale to the general public is restricted by en8y®30, Annex XVII, REACH regulation.
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A number of comprehensive toxicological evaluatimfsPAHs is available in the published
literature. Therefore many other aspects of PAHcitxhave not been treated in-depth or even
were omitted in this dossier, if they were not ¢desed relevant for its purpose.

Evaluation of the database of animal tests reggrthie dermal absorption of BaP resulted in the
establishment of rough working estimates of 50 20d@6 from acetone or aqueous media (such as
sweat), respectively. Likewise, coarse grain edesaf 50 % each were used to cover absorption
along the oral route and by inhalation.

Derivation of DMELS for carcinogenicity

From a set of available animal studies selectedsyscified criteria, DMELs were calculated
following the scheme as provided in the REACH IRAC§uidance on dose-response assessment
(R.8). For each of the selected studies (whereogpiate) T25, BMDRQo, and BMDLy, estimates
were used as dose descriptors. For all of theseriges's (thus, for each of the studies) DMELs
were calculated applying both the 'Large Assessriactor' and the ‘Linearised’ approach (the
latter at both the I0and 1C risk levels and using the 'Probit' as well as'Meltistage Cancer’
algorithms for curve fitting).

Instead of taking the most sensitive DMEL from ag$ study forward to quantitative risk
characterisation, the whole range of DMELSs usirftecent approaches were accounted for.

The following DMEL results ranges were obtained:

Large Assessment Factor approach: 0.1 — 30 rioyikg
Linearised approach, Taisk level: 0.03 — 10 ng/kg bw/d
Linearised approach, Faisk level: 0.004 — 1 ng/kg bw/d

The boundaries of these ranges roughly representesults from the most (lower boundaries) and
least (upper boundaries) sensitive studies, reispdct

A.2.1.2.2 Information on levels and exposure of PAHs from casumer goods
A.2.1.2.2.1 PAH levels in consumer goods

The present dossier is based on the evaluationooé mhan 5300 samples from consumer articles
analysed for their PAH content. The samples andlysered a multitude of different consumer
products, which — based on similar exposure paterwere subdivided into the following eight
broader categories:

Electrical devices

Grips/handles

Skin contact areas of sports equipment or otheswmer products
Toys

Materials with close contact to the body

Other products with skin contact

Tyres and rolls, and

Other products.

©ONOOR~WDNPE
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Calculated over all product groups, in 91.9 % efthses BaP was not detectable and in 95 % of all
samples the concentration was below 1 mg/kg. Theesponding values were 83.9 % not
detectable, 90.7 % of the values below 1 mg/kgtlier sum of the 6 EU-PAHs contained in the
EPA-PAH list (‘PAH-6). However, detected levelsryaconsiderably between different product
groups.

In the remaining samples, the highest PAH levalsmdowere 1200 mg/kg for BaP, 25400 mg/kg for
the sum of all EPA-PAHs and 6930 mg/kg for the safrRAH-6.

Taking all data together, the results clearly shiost consumer products may contain high amounts
of polycyclic hydrocarbons. On the other hand, ¢hdata demonstrate that levels of BaP and of
PAH-6 above LOQ in consumer products are techricaloidable. In the analytical method the
LOQ is reported to be below 0.2 mg/kg. This levedrefore reflects the ALARA (‘As Low As
Reasonably Achievable’) principle.

A.2.1.2.2.2 Migration rates

For the exposure estimation of consumers in thssigo, migration rates quantified under dynamic
conditions were used. These are strongly influergethe material and the contact conditions such
as mechanical friction and intensity of contace§sure) between skin and product.

Three different migration rates have been estimdtedrder to cover the different materials on the
market and the influence of the dynamic conditionsthe realistic expectancy range of dermal
exposure, all of the following three migration safer BaP were used for the calculations:

10 % as the worst case of dynamic migration wiittiém,

1.5 % as the approximate geometric mean of dynamgcation with friction,

0.2 % as the mean of dynamic migration for mateneth low migration, when friction is not
considered.

The knowledge about release of these compoundssrieelde improved. Standardised migration
methods that cover the typical uses of the consartares investigated should be developed by
further projects.

A.2.1.2.2.3 Exposure assessment

Exposure of children to rubber granules

The assessment of dermal exposure of children biemu granules from synthetic turf was

performed using a) the ECETOC TRA approach b) alaimpproach, but considering migration.

The results clearly show that rubber products nayain high amounts of PAHs. The knowledge
about release of these compounds needs to be isfhrdout there is concern that considerable
amounts can be released.
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External exposure to other consumer articles

The bulk of exposure assessment was carried otheoarticles listed in section B.9.3.2.1 above.
The focus of this evaluation was on the dermaleotlihe external dermal exposure by consumer
products was estimated in two different ways:

1. The results of the dynamic migration tests desdribe chapter B.9.3.2.2.4 were used for
estimating the external exposure to BaP by theymtsdncluded in these tests.

2. The external dermal exposure was estimated basdgeoestimated migration rates and on the
available data on BaP concentrations in consunustyats.

By approach 1, external dermal exposure levels faawtal of 7 products (grips, handle of a torch,
a hooter, a steering wheel cover, and a hamme) wepe estimated to range from ca. 2 ng/kg bw/d
up to 6.7 pg/kg bw/d.

Approach 2 was applied to > 100 articles assumdxb tosed by adults and ca. 100 articles assumed
to be used by children. In each case, exposunm&ss were calculated using all three of the above
migration rates. The assumed exposure parametetactdime and contact frequency reflect user
experience. These exposure scenarios thereforeodconrespond to the worst case. Using the
highest (most conservative) assumption of 10 % atign/h, exposure estimates of 0.3-68613
ng/kg bw/d for adults and 3-66780 ng/kg bw/d folldrien were obtained. Estimates using 1.5 or
0.2 % migration/h ranged lower by a factor of 60850, respectively.

Summarising the results, there is clear evideneg¢ @imder normal use conditions considerable
amounts of BaP can be released even when a complradw migration rate is assumed.

Simulation of the proposed restriction conditions

In order to simulate the effect of the proposedrict®n, another set of calculations was carried

out, this time assuming that the same products witbdapproach 2 before would have contained 1
or only 0.2 mg BaP/kg product (but otherwise making same assumptions regarding exposure
scenarios and migration rates).

For the 1 mg BaP/kg article simulation, this restiltn a dermal exposure range of 133.3 — 750
ng/kg bw/d for adults assuming 10 % migration/hil{zen: 8.5 — 1600 ng/kg bw/d). Again,
estimates using 1.5 or 0.2 % migration/h can baiobtl by dividing by a factor of 6.67 or 50,
respectively.

For the 0.2 mg BaP/kg article simulation, correspiog dermal exposure values could be obtained
by dividing the results from the 1 mg/kg simulatioyn a further factor of 5, i. e. a range of 26.67 —
150 ng/kg bw/d for adults assuming 10 % migrationés calculated (children: 1.7 — 320 ng/kg
bw/d). Estimates using 1.5 or 0.2 % migration/himgaould be lower by factors of 6.67 or 50,
respectively.

The simulation of the proposed restriction condisiclearly demonstrates, that the expected dermal
exposure is reduced. But, even in the case of @.Bak/kg article the external dermal exposure is
in some cases still considerable, when materiath Wwigh migration are present in consumer
product. Consequently the proposed limit value &hbe as low as reasonable achievable (ALARA
principle).
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Other exposure scenarios

Exposure at the workplace or indirect exposuretiveaenvironment via food or smoking have not
been considered due to lack of relevance for tbblpm addressed by this restriction dossier.

Combined/aggregate exposure assessment

Owing to lack of suitable data, a combined/aggedaiman exposure assessment has not been
performed in this dossier. From the analytical datasented in this dossier as well as from
everyday experience it is clear that consumerseamosed to a multitude of potentially PAH-
containing articles via several routes and will tlidely come in contact with more than just one
of these products on a daily basis.

Significantly higher risk characterisation ratiédGR) than those calculated in this report could be

expected for combined exposure. However, in thissdwo, concern has already been demonstrated
for several exemplary exposure scenarios involjugg one PAH source. For this reason, a

combined exposure assessment did not appear ngcessa

A.2.1.2.3 Characterisation of risk(s)

Under the restriction procedure as laid out in A8. (2) of the REACH regulation, consumer
exposure to category 1 or 2 (within the classifecatheme of Dir. 67/548/EEC) CMR substances
via consumer articles is by itself seen as a seffiqustification for restriction. Nevertheless,this
dossier a section has been included in which palePAH exposure from consumer products was
compared against derived DMELs. Risk characteaeaRC) was only performed for the scenarios
directly relevant for this dossier, i. e. use ofHRAontaminated consumer articles. Furthermore,
only the dermal route has been taken forward toGaéive risk characterisation (cf. section B.9.3)
A significant risk was demonstrated.

A.2.1.2.3.1 Risk characterisation for contaminated articles

DMELs (or rather, DMEL ranges) were contrasted with exposure estimates given in Table 47
and Table 48 for adults and children, respectivldy,those consumer articles which had been
tested positive for PAHs. For these products, dilewing conclusions with respect to the current
risk situation (without restriction) were drawn wheomparing DMELSs and exposure estimates:

when using the most conservative estimate of aatigr rate of 10 %/h, estimated external
dermal exposure o&dults may amount to as much as 70 pg/kg bw/d. The quooresng
RCR would thus range as high as > 2000-fold ablbgéighest (i. e. least conservative) DMEL
values given in Table 32.

still, when using the least conservative migrataasumption of only 0.2 %/h, adult exposure
could be assumed to reach up to nearly 1.5 pg/imitfdthe most highly contaminated articles.

for children, comparably high exposure estimatesaiga. 70 pug/kg bw/d (assuming 10 %

migration/h) and 1.3 pg/kg bw/d (0.2 %/h) were aied (corresponding to RCRs of ca. 2300
and 43, respectively).
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A.2.1.2.3.2 Risk characterisation for the effect of simulated estrictions

Table 47 and Table 48 in section B.9.3.2.3.4 gs@osure estimates for the hypothetical situation
that BaP would be restricted tdimit of 1 mg/kg articleor down to the LOQ of 0.2 mg/kg bw/d as
achieved by the analytical method:

a limit of 1 mg BaP/kg product (component) wouldlepending on the exposure scenario -
reduce exposure of adults to levels of up to 75&qpw/d (10 % migration/h), or 15 ng/kg
bw/d (0.02 %/h). In light of the uncertainties dissed, the latter value might seem acceptable,
however, it is underlined that this would only beetif the least conservative assumptions were
made.

for children, nevertheless, on top of their postdahigher vulnerability, a clearly higher
exposure of up to 1600 ng/kg bw/d would be expeatetiBaP level of 1 mg/kg product (10 %
migration). Assuming a low migration rate of 0.2hH/éxposure could be clearly reduced, the
highest estimate still amounting to as much as §Rghbw/d, i. e. in the order of the least
conservative DMEL derived, but clearly above thD8&EL ranges obtained by the calculation
methods recommended in the REACH guidance.

Finally, a hypotheticdimit set at the LOQ of 0.2 mg/kgn be shown to bring exposure down to a
level that could be considered as tolerable forkblx of products/uses examined, although for
some extremely contaminated articles still an expoaip to one order of magnitude above the
least conservative DMELSs is found when assumingrbst conservative migration rate:

according to the calculations performed, adultsid/de at most exposed to levels of 150 ng/kg
bw/d when assuming 10 % migration/h, or 3 ng/kgdyw/hen using 0.2 %/h.

for children, maximum exposure levels of 320 or &g/kg bw/d are calculated, when
migration rates are set to 10 or 0.2 %, respegtivel

As 0.2 mg BaP/kg article (component) constitute tfigicial LOQ of the currently available
analytical method, there is at present no senpestulating a restriction below this level. However
at least for articles accessible to or used bydo#il, future progress in analytical methodology
should be frequently monitored and the technolddezsibility of a further reduction considered.

Exposure is still modeled to be somewhat above ¢verleast conservative DMELs. The results
presented in this section therefore suggest tleatlARA principle (in the form of setting the limit
value to the analytical LOQ) should also be app&qdally to the other known carcinogenic PAHs
addressed in this dossier. Moreover, it shoulddg kn mind, that these substances are regulated as
surrogates/placeholders for a group of hundredsoafjeners, some of which are known to (and
many more might) be even more carcinogenic than BaP

A.2.1.3 Evidence that the risk management measures and apdional condition
implemented and recommended by the manufacturers atior importers are not
sufficient

No particular RMMs are known which specifically aahreducing exposure of consumers to PAHs
via contact with consumer products.
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Under the Operational Conditions known to the argh{and which have been taken into account
with the exposure scenarios considered in secti®i Bo specific protection against PAH exposure
from contaminated articles is foreseen.

High concentrations of PAHs in numerous consumedyets also indicate that no adequate risk
management measure is in place. Moreover, some fa@aters and importers appear not to be
aware of the intrinsic risks by placing productstba market which contain high concentrations of
PAHS.

A.2.1.4 Evidence that the existing regulatory risk managema instruments are not sufficient

At present, restrictions were already installedtf@ same eight PAHs with respect to their content
in extender oils for the specific use in tyres (gMo. 50 in Annex XVII, REACH regulation). This
restriction has no impact on other products ineigdhose that might be used by consumers.

In toys, Directive 2009/48/EC — while stating that, principle, no CMR substances of DSD
categories 1 and 2 should be present — neverthallesgs BaP contents up to the specific concen-
tration limit as specified in the CLP regulationgei 0.01 % or 100 mg BaP/kg article. The authors
of this dossier considered this value unacceptéiole the perspective of risk assessment (cf.
sections 0 and B.10), in particular, as childrem sgen as particularly vulnerable to carcinogenic
agents (cf. section B.5.8.5).

The said specific concentration limits apply alsontixtures in general. For consumeaticles
however, currently no EU legislation limiting thé&1AH content is in place.

Finally, the results of analytical examinationspobduct samples, which are evaluated extensively
in this dossier, empirically confirm the presende ao considerable number of highly PAH-
contaminated products on the market.

A.2.2 Justification that action is required on a Community-wide basis

Production, import, and marketing of consumer potglcontaining PAHS is not constricted to any
national market within the EU.

Several Member States (MS) have indicated thatwuogs products containing high concentrations
of PAHs are on their market. These MS expressederarwith respect to the high human exposure
towards PAHs. A need for limiting risks for consusiérom exposure to migrating PAHSs is also
seen and the present proposal for restriction dfi$& consumer products at the earliest possible
date has been supported.

Aside from the pressing need for restriction of BAR toys and childcare products, an urgent need
is also seen for other consumer products. PAH adraigons should be restricted to levels which
do not pose a significant risk to consumers.

It is proposed to amend the current restriction Bbapplying the provisions in Art. 68 (2) REACH
regulation in order to reduce unacceptable risksuidjh exposure to consumer products containing
PAHs with CMR properties of category 1 or 2. Thegadure as laid out in Art. 68(2) particularly
addresses health risks from consumer products asidéen chosen to reach inclusion into Annex
XVII as soon as possible.
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The effectiveness is also shown in this dossiecdoyparing BaP estimated uptake from contam-
inated consumer products with uptake from prodagifdling the limit values proposed by this
dossier (cf. Table 47 and Table 48 in section823.4).

A.2.3 Justification that the proposed restriction is themost appropriate Community-wide
measure

A.2.3.1 Effectiveness in reducing the identified risks

The PAHSs listed in this proposal are legally clasdias carcinogenic (Carc. Cat. 2/Carc. 1B) ,
furthermore BaP and CHR are classified for theitaganic effects (Muta. Cat. 2 / Muta. 1B) and
BaP for toxicity to reproduction (Repr. Cat. 2/CHB) acc. to Dir. 67/548/EEC (DSD)/Regulation
(EC) No 1272/2008 (CLP, cf. Table 2). They werenfdun high concentration in articles used by
consumers and in toys. The risks resulting fromsoamer exposure via these articles can be
effectively reduced by a restriction procedure adicy to Article 68(2) of REACH, because it is
focused and limited to CMR substances in produetduding articles, which can be used by
consumers. It is furthermore effective, becauseigkeresulting from imported articles is also full
covered. Article 68(2) is more specific with resptrthe identified risk compared to article 68(1)
being not limited to consumer products, it is meffective as the risk can be reduced in the fractio
of the time necessary for article 68(1).

A.2.3.2 Proportionality to the risks

Since the listed PAHs are carcinogens, for whiclthmeshold can be assumed, the restriction for
articles used by consumers containing more thanm@/kg BaP is proportionate. In the light of a

specific vulnerability of children, it is consideraeasonable and proportionate to follow the
ALARA principle (as low as reasonably achievable)arder to minimise to the greatest extent
possible the exposure of children from toys andbichre products to any single one or a mixture of
the listed PAHSs.

Many products analysed positive for high PAH cotgemere imported and not specially designed
for the German market. Consequently a national areagould not be appropriate.

A.2.3.3 Practicality, including enforceability

PAHSs occur in oil, coal, and tar deposits, are poed as byproducts of fuel burning (whether fossil
fuel or biomass), and are not intentionally produsibstances but impurities. As PAH-free
alternatives are available, articles can be prodlutem materials without PAH.. Analytical
methods exist to monitor PAH free production or artpof articles by producers/importers. The
same analytical methods can be used by enforceagaricies. In addition to this, enforcement
agencies already have some experiences from tharcenient for PAH restriction in tyres.
Targeting PAHSs via Article 68(2) of REACH would ass a rapid implementation and enforcement
of a possible restriction.

A.2.3.4 Monitorability

It is assumed that most MS have regulatory agenaciesonitor the market for consumer products.
Non-Governmental Organisations (NGOs) are alsovadi this field in some member states.
Furthermore an EU wide alert system for dangeraussemer products exists under the name
RAPEX (Rapid Exchange of Information System) andadsninistrated by the authority of the
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Directorate-General for Health and Consumers ofBEbeopean Commission. It allows the rapid
exchange of information between Member States degigral contact points) and the Commission
about measures taken to prevent or restrict th&eting or use of products posing a serious risk to
the health and safety of consumers. Both measurksanl by national authorities and measures
taken voluntarily by producers and distributors a&@@vered by RAPEX. Every Friday, the
Commission publishes a weekly overview of the damge products reported by the national
authorities (the RAPEX naotifications).
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B. Information on hazard and risk

B.1 Identity of the substances and physical and chemitproperties

B.1.1 Name and other identifiers of the substances

Chemical Name:
EC Number:
CAS Number:
IUPAC Name:

Chemical Name:
EC Number:
CAS Number:
IUPAC Name:

Chemical Name:
EC Number:
CAS Number:
IUPAC Name:

Chemical Name:
EC Number:
CAS Number:
IUPAC Name:

Chemical Name:
EC Number:
CAS Number:
IUPAC Name:

Chemical Name:
EC Number:
CAS Number:
IUPAC Name:

Benzo[a]pyrene
200-028-5

50-32-8
Benzo[d,e,flchrysene

Benzo[e]pyrene
205-892-7
192-97-2
1,2-Benzopyrene

Benzo[a]anthracene
200-280-6

56-55-3
1,2-Benzanthracene

Dibenzo[a,h]anthracene
200-181-8

53-70-3
1,2:5,6-Dibenzanthracene

Benzo[b]fluoranthene
205-911-9

205-99-2
2,3-Benzfluoranthene

Benzo[j]fluoranthene
205-910-3

205-82-3
10,11-Benzofluoranthene
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Chemical Name: Benzo[k]fluoranthene
EC Number: 205-916-6

CAS Number: 207-08-9

IUPAC Name: 11,12-Benzofluoranthene

Chemical Name: Chrysene

EC Number: 205-923-4

CAS Number: 218-01-9

IUPAC Name: 1,2-Benzophenanthrene

B.1.2 Composition of the substances

Chemical Name: Benzo[a]pyrene
EC Number: 200-028-5

CAS Number: 50-32-8

IUPAC Name: Benzo[def]chrysene
Molecular Formula: GoH12

Structural Formula:

Molecular Weight: 252.3 g/mol
Typical concentration (% w/w):  99.9 %

Concentration range (% w/w): Not available
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Chemical Name:
EC Number:

CAS Number:
IUPAC Name:
Molecular Formula:

Structural Formula:

Molecular Weight:

Typical concentration (% w/w):

Concentration range (% w/w):

Chemical Name:
EC Number:

CAS Number:
IUPAC Name:
Molecular Formula:

Structural Formula:

Molecular Weight:

Typical concentration (% w/w):

Concentration range (% w/w):

Benzo[e]pyrene
205-892-7
192-97-2
1,2-Benzopyrene

GoH12

252.3 g/mol
99 %

Not available

Benzo[a]anthracene
200-280-6

56-55-3
1,2-Benzanthracene

GH12

228.3 g/mol
99 %

Not available
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Chemical Name:
EC Number:

CAS Number:
IUPAC Name:
Molecular Formula:

Structural Formula:

Molecular Weight:

Typical concentration (% w/w):

Concentration range (% w/w):

Chemical Name:
EC Number:

CAS Number:
IUPAC Name:
Molecular Formula:

Structural Formula:

Molecular Weight:

Typical concentration (% w/w):

Concentration range (% w/w):

Dibenzo[a,h]anthracene

200-181-8

53-70-3

1,2:5,6-Dibenzanthracene

eH14

278.3 g/mol
97 %

Not available

Benzo[b]fluoranthene
205-911-9

205-99-2
2,3-Benzfluoranthene

GoH 12

252.3 g/mol
98 %

Not available
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Chemical Name:
EC Number:

CAS Number:
IUPAC Name:
Molecular Formula:

Structural Formula:

Molecular Weight:

Typical concentration (% w/w):

Concentration range (% w/w):

Chemical Name:
EC Number:

CAS Number:
IUPAC Name:
Molecular Formula:

Structural Formula:

Molecular Weight:

Typical concentration (% w/w):

Concentration range (% w/w):

Benzo[j]fluoranthene
205-910-3

205-82-3
10,11-Benzofluoranthene

GoH12

252.3 g/mol
99.9 %

Not available

Benzo[Kk]fluoranthene
205-916-6

207-08-9
11,12-Benzofluoranthene

GoH12

252.3 g/mol
98 %

Not available
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Chemical Name: Chrysene

EC Number: 205-923-4

CAS Number: 218-01-9

IUPAC Name: 1,2-Benzophenanthrene
Molecular Formula: @H12

Structural Formula:

Molecular Weight: 228.3 g/mol
Typical concentration (% w/w): 98 %

Concentration range (% w/w): Not available

B.1.3 Physicochemical properties

Table 1: Physicochemical properties of the PAHs adtted by this dossier

Property IUCLID section Substance Value Reference

Physical State 4.1 Benzo[a]pyrene Yellowish WHO, 1998
Benzo[e]pyrene Pale yellow WHO, 1998
Benzo[a]anthracene colourless WHO, 1998
Dibenzo[a,h]anthracene| colourless WHO, 1998
Benzo[b]fluoranthene colourless WHO, 1998
Benzo[jJfluoranthene Yellow WHO, 1998
Benzo[K]fluoranthene Pale yellow WHO, 1998
Chrysene Colourless WHO, 1998

Melting point 4.2 Benzo[a]pyrene 178.1°C WHO, 1998
Benzo[e]pyrene 178.7 °C WHO, 1998
Benzo[a]anthracene 160.7 °C WHO, 1998
Dibenzo[a,h]anthracene| 266.6 °C WHO, 1998
Benzo[b]fluoranthene 168.3 °C WHO, 1998
Benzo[jJfluoranthene 165.4 °C WHO, 1998
Benzo[K]fluoranthene 215.7 °C WHO, 1998
Chrysene 253.8 °C WHO, 1998
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Property IUCLID section Substance Value Reference

Boiling point 4.3 Benzo[a]pyrene 496 °C WHO, 1998
Benzo[e]pyrene 493 °C WHO, 1998
Benzo[a]anthracene 400 °C WHO, 1998
Dibenzo[a,h]anthracene| 524 °C WHO, 1998
Benzo[b]fluoranthene 481 °C WHO, 1998
Benzo[jJfluoranthene 480 °C WHO, 1998
Benzo[K]fluoranthene 480 °C WHO, 1998
Chrysene 448 °C WHO, 1998

Relative density 4.4 Benzo[a]pyrene 1.351 WHO, 1998
Benzo[e]pyrene Not available
Benzo[a]anthracene 1.226 WHO, 1998
Dibenzo[a,h]anthracene| 1.282 WHO, 1998
Benzo[b]fluoranthene Not available
Benzo[jJfluoranthene Not available
Benzo[Kk]fluoranthene Not available
Chrysene 1.274 WHO, 1998

Vapour pressure 4.6 Benzo[a]pyrene 7.3 E-7Paat25°C WHO, 1998
Benzo[e]pyrene 7.4 E-7 Paat25°C WHO, 1998
Benzo[a]anthracene 2.8 E-5Paat25°C WHO, 1998
Dibenzo[a,h]anthracene| 1.3 E-8 Pa at 20 °C WHO8199
Benzo[b]fluoranthene 6.7 E-5 Paat 20 °C WHO, 1998
Benzo[jJfluoranthene 2.0E-6 Paat25°C WHO, 1998
Benzo[Kk]fluoranthene 1.3 E-8Paat20°C WHO, 1998
Chrysene 8.4 E-5 Paat 20 °C

Water solubility 4.8 Benzo[a]pyrene 0.0038 mg/L at 25 °C WHO, 1998
Benzo[e]pyrene 0.0051 mg/L at 23 °C WHO, 1998
Benzo[a]anthracene 0.014 mg/L at 25 °C WHO, 1998
Dibenzo[a,h]anthracene| 0.0005 mg/L at 27 °C WH®819
Benzo[b]fluoranthene 0.0012 mg/L at 20 °C WHO, 1998
Benzo[jJfluoranthene 0.0025 mg/L at 25 °C WHO, 1998
Benzo[K]fluoranthene 0.00076 mg/L at 25 °C WHO, 899
Chrysene 0.0020 mg/L at 25 °C WHO, 1998
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Property IUCLID section Substance Value Reference
Partition 4.7 Benzo[a]pyrene 6.5 WHO, 1998
ﬁ?ggiz:\:rig;/twater Benzo[e]pyrene 6.44 WHO, 1998
(log value) Benzo[a]anthracene 5.61 WHO, 1998
Dibenzo[a,h]anthracene| 6.5 WHO, 1998
Benzo[b]fluoranthene 6.12 WHO, 1998
Benzo[jJfluoranthene 6.12 WHO, 1998
Benzo[K]fluoranthene 6.84 WHO, 1998
Chrysene 5.91 WHO, 1998

B.1.4 Justification for grouping

Based on the knowledge about the sources of congiomn of consumer products with PAHSs,
consumers exposed to PAH-containing articles wahvitably be exposed to complex, UVCB-type
mixtures of probably up to several hundred PAH ersgs. The eight PAHs addressed by this
dossier are the ones explicitly known and legdigsified as genotoxic carcinogens in Annex VI to
Reg. No. 1272/2008 (CLP regulation). FurthermoraP Band CHR are classified for mutagenicity
and BaP also for toxicity to reproduction. Consetlye from the perspective of consumer
protection, highest priority should be given to tegulation of these eight substances in one group.

In the absence of definite proof of the oppositean be assumed that these compounds exert their
carcinogenic action by the same or (a) similar rma@m(s), albeit at different potencies. Their
action has therefore to be considered as beingiaeldi

In addition to those addressed in this dossiearlylenany more of the PAHs possibly contained in
consumer articles may be genotoxic carcinogenslévatiners may not) and the reason for them not
being listed in Annex VI to the CLP regulation msignply be that they have up to now not been
evaluated for their carcinogenicity by regulatoodles.

Consumers will often be exposed to many or everofalhese substances (at different relative
proportions depending on the material used in tioglyction of the respective consumer article).
However, it is assumed that by setting limits fottbBaP and the sum of all of the eight known
carcinogenic congeners in a 'surrogate approacpgod part of the compositional variability is
covered.

B.2 Manufacture and uses

PAHs can be found ubiquitously in the environmé@iitey form a fraction of fossil fuels such as
crude oil or coal and are generated by (incompletehbustion of these fuels or other organic
materials. In addition they also originate from wer of technical processes (e.g. aluminium,
iron, and steel production, oil refining). In tharrow sense of the word, PAHs themselves are not
directly 'used' but become relevant with the useoitd or carbon black in which PAHs occur
'naturally’ and which are added during the produncgirocess to provide the materials with different
mechanical and process-related properties as needed
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PAHSs in consumer products (including toys) may ioate from the following various sources:

use of mineral oil- or coal-based extender/plasticioils in the production of rubber and
plastics; oils may (unintentionally, but unconteal) contain different concentrations of PAHs
and are added to materials to achieve the desiaterial properties,

carbon black (soot), which is intentionally addewl glastomers to achieve the required
properties of the material (e.g. flexibility, damgj solubility in the polymer matrix),

recycled tyres.

Typically, PAHs are contained in certain elastomdxer materials, but potentially also in plastic

materials, lacquers/varnishes, or coatings that @&yencountered in or as part of consumer
products, including toys. Numerous examples of gucducts include e. g. tool handles, bicycle

handlebars, slippers, flip-flops, beach sandalgrdequipment, toy car tyres, or clay pigeons used
in skeet shooting. PAHs may also be contained mthgic turf or in materials used for construction

work, e.g. flooring material. For the discussion aminsumer exposure (cf. section B.9) in this
dossier, products were assigned to the followingdpct categories: electrical articles, handles,
sports equipment, toys, body contact materialserogroducts with skin contact, tyres/rolls and

others.

Recycled tyres that were placed on the market afteanuary 2010 should not contain extender oil
exceeding the limits of more than 1 mg/kg BaP orariban 10 mg/kg of the sum of all PAHSs listed
in the current entry 50 of Annex XVII of the REAGHEQgulation.

However, conversely, consumer products producenh frecycled tyres before 1 January 2010
should therefore be expected to exceed the linhitegaproposed in this dossier. In fact, considering
that a tyre might be used several years beforggtminhanged and subsequently recycled, it can be
assumed that this situation will only gradually noye over the next 5-10 years. In addition, it
should be noted that PAHSs in tyres not only steomfiextender oils but might also originate from
carbon black as a further additive in tyre producti

B.2.1 Description of targeting

Within the group of consumer articles, no furtregeting is performed.

B.3 Classification and labelling

B.3.1 Classification and labelling in Annex VI of Regulaion (EC) No 1272/2008 (CLP
Regulation)

Table 2: Overview of legal classification and lab&hg of the PAHs addressed in this dossier

Name CAS Acc. to Dir. 67/548/EEC (DSD) Acc. to Dirl272/2008 (CLP)
Benzo[a]anthracene 56-55-3 Carc. Cat. 2; R45 Carc. 1B

N; R50-53 Aquatic Acute 1;

T; N; R: 45-50/53 Aquatic Chronic 1

S: 53-45-60-61 H350; H410
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Name CAS Acc. to Dir. 67/548/EEC (DSD) Acc. to Dirl272/2008 (CLP)

Chrysene 218-01-9| Carc. Cat. 2; R45 - Muta. &at| Carc. 1B; Muta. 2
R68 Aquatic Acute 1;
N; R50-53 Aquatic Chronic 1
TN H350; H341; H410
R: 45-68-50/53
S: 53-45-60-61

Benzolb]fluoranthene 205-99-2 Carc. Cat. 2; R45 Carc. 1B
T, N Aquatic Acute 1
N; R50-53 Aquatic Chronic 1
R: 45-50/53 H350; H410
S: 53-45-60-61

Benzolk]fluoranthene 207-08-9 Carc. Cat. 2; R45 Carc. 1B
N; R50-53 Aquatic Acute 1
T;N Aquatic Chronic 1
R: 45-50/53 H350; H410
S: 53-45-60-61

Benzo[a]pyrene 50-32-8 Carc. Cat. 2; R45 - Ma@at. 2; | Carc. 1B ; Muta. 1B
R46 - Repr. Cat. 2; R60-61 - Repr. 1B ; Skin Sens. 1
R43 .

_ Aquatic Acute 1
N; R50-53 Aquatic Chronic 1
T:N H350; H340; H360FD; H317
R: 45-46-60-61-43-50/53
H410

S: 53-45-60-61

Dibenzo[a,h]anthracene 53-70-3 Carc. Cat. 2; R45 Carc. 1B
N; R50-53 Aquatic Acute 1
T, N Aquatic Chronic 1
R: 45-50/53 H350; H410
S: 53-45-60-61

Benzol[e]pyrene 192-97-2| Carc. Cat. 2; R45 Carc. 1B
N; R50-53 Aquatic Acute 1
T;N Aquatic Chronic 1
R: 45-50/53 H350; H410
S: 53-45-60-61

Benzolj]fluoranthene 205-82-3] Carc. Cat. 2; R45 Carc. 1B
N; R50-53 Aquatic Acute 1
T;N Aquatic Chronic 1
R: 45-50/53 H350; H410
S: 53-45-60-61

B.3.2 Classification and labelling in classification andlabelling inventory/Industry’s self
classification(s) and labelling

No data available
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B.4 Environmental fate properties
B.4.1 Degradation

B.4.1.1 Stability

B.4.1.1.1 Phototransformation

Photolysis of PAHSs in the troposphere results enfdtrmation of reactive hydroxyl (OH) and nitrate
(NOg3) radicals and ozone ¢ which react as oxidising agents with organic poands like PAHs.
Reactions with these radicals and ozone comprisarthin degradation path of gas-phase PAHs
(Calvert et al., 2002).

Under environmental conditions in the troposphBeslis of higher molecular mass (i.e. those with
five or more rings) are almost completely adsorbetb fine particles, which reduce the photolytic
degradation rate significantly. In a study of tleghdation rate of 18 PAHs on 15 types of fly ash,
carbon black, silica gel, and alumina, the PAHsewstabilised. It was found that there is a
correlation between carbon content and PAH stgbitlie higher the carbon content, the more
stable the PAHs (Behymer and Hites, 1988). Tabland8 Table 4 show examples for the
representative lifetimes of six of the eight PAH®s question in this dossier with respect to
photolysis when adsorbed on different particles¢gaan Commission, 2007).

Table 3: Representative lifetimes of some 4- and ring PAHs with respect to thermal
reaction with nitrogen dioxide (NO2), ozone (O3)ad dinitrogen pentoxide (N205)
on “wood soot” particles

PAH (number of rings) Representative lifetime with respect to reaction wh
0, NO,® N,Oc®
Benzol[a]pyrene (5) 1.6 ddffs 19 day¥) 5.1 year§
1.8 day®
Benz[a]anthracene (4) 1.2 d&Ys
Chrysene (4) 2.2 days
Benzo[b]fluoranthene (5) 19 yeits
Benzo[K]fluoranthene (5) 1.2 dd¥s 14 year¥

(a) Typical UK background O3 concentration of 3@ppssumed (PORG, 1997); (b) Average UK urban NOZeatration taken to

be 50 ppbv, on the basis of data presented by PQB&); (c) A typical 24-hour averaged N20O5 concatiin estimated to be 50
pptv, on the basis of observed concentrations o3 Carslaw et al., 1997) and NO2 (PORG, 1997), aactttuilibrium constant for
the reaction NO2+NO3 N205 (Wayne et al., 1991); (d) Based on environalatitamber data (Kamens et al., 1985); (e) Based on
environmental chamber data (Kamens et al., 1990).

Table 4: Representative lifetimes of some surfacedaorbed PAHs with respect to photolysis
under conditions representative of a cloudless skgver the southern UK. The
group classifications refer to fly ash of differeb compositions, as defined by
Behymer and Hites (1988)

PAH (number of Classification of asi?
rings)

“White group” “Red group” “Grey group” Black group

Summer | Winter | Summer | Winter | Summer | Winter | Summer | Winter

Benzol[a]pyrene (5) 15 min 45 mink 8.0 hr 1.0day hi8 2.3day | 20hr 2.5 day
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PAH (number of Classification of asl

rings) “White group” “Red group” “Grey group” ‘Black group "
Summer | Winter | Summer | Winter | Summer | Winter | Summer | Winter

Benzole]pyrene (5) 9.1 hr 1.1 da 2.4 day| 7.2 day.5 day 7.5day| 1.1day 3.3 day

Benz[a]anthracene (4) 15 min 45 min 6.6 hr 20 hr ha7 2.1day | 1.1day 3.3 day

Chrysene (4) 10 hr 1.3day 2.6 day 7.8day 2.3day6.9day | 1.0day 3.0 day

(a) The classification of the ash into four grodepends on the relative contents of 10 elementghwhfluences the colour of the
substrate (Behymer and Hites, 1988). The photoliisiéimes measured in that study have been scabegrovide values
representative of 24-hour averaged conditionsérbibundary layer over the southern UK.

B.4.1.1.2 Hydrolysis

Hydrolysis as a way of abiotic degradation can dxeslered as not relevant for the PAHs because
the chemical structure of PAHs lack functional gresusceptible to hydrolysis.

B.4.1.2 Biodegradation
B.4.1.2.1 Biodegradation estimation

Mackay et al. ranked the 16 so-calle&dPA-PAHs (acenapthene, ancenaphtylene, anthracene,
benzo[a]anthracene, benzo[b]fluoranthene, benzakifinthene, benzo[g,h,i]perylene, benzola]-
pyrene, chrysene, dibenzo[a,h]anthracene, fluoes@h fluorene, indeno[1,2,3-c,d]pyrene,
naphtaline, phenanthrene and pyrene) accordingeio persistence in water, soil and sediment in
different classes which correspond to a specifié-lfa in these compartments (Mackay et al.,
2000). The basis for this ranking were model calttahs. Table 5 shows the ranking half-life times
associated to the rankings in the different conmpants for the six EPA-PAHS relevant in this
dossier.

Table 5: Ranking of PAHs in different half-life classes (Mackay et al., 2000)

PAH (number of rings) Ranking

Water Soil Sediment

Class Calculated Class | Calculated Class | Calculated

Half-life [d] Half-life [d] Half-life [d]

Benzol[a]pyrene (5) 5 42 — 125 7 420 — 1250 8 > 1250
Benzo[a]anthracene(4) 5 42 - 125 7 420 - 1250 8 2591
Chrysene (4) 5 42 — 125 7 420 — 1250 8 > 1250
Benzolb]fluoranthene (5) 5 42 — 125 7 420 - 1250 8 | >1250
Benzolk]fluoranthene (5) 5 42 — 125 7 420 — 1250 8 | >1250
Dibenzo[a,h]anthracene (5 5 42 — 125 7 420-1250 | 8 > 1250

B.4.1.2.2 Screening Tests

Coover and Sims tested the persistence of PAHB imacclimated agricultural sandy loam soil in
dependence on the temperature (Coover and Sims).198e to the method used for extraction and
analysis, it remains unclear to which extent evapon, adsorption and biodegradation may have
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contributed to the elimination process. The soikwpiked with a standard solution of 16 EPA-
PAHs and incubated for 240 days. The results foiPgiHs relevant in this dossier are shown in
Table 6.

Table 6: Persistence of six PAHs in an unacclimateagricultural sandy loam soil after 240
days (Coover and Sims, 1987)

PAH (number of rings) Percent of PAH remaining at

10 °C 20°C 30°C
Benzol[a]pyrene (5) 73 54 53
Benzo[a]anthracene(4) 82 71 50
Chrysene (4) 85 88 86
Benzolb]fluoranthene (5) 77 75 62
Benzolk]fluoranthene (5) 93 95 89
Dibenzo[a,h]anthracene (5 88 87 83

B.4.1.2.3 Simulation Tests
B.4.1.2.3.1 Biodegradation in soil

Biodegradation rates of PAHs in soil depend on #vactors like soil type, pH, moisture content,
oxygen and nutrient content and soil microbial papon. In addition, vegetation has been
observed to enhance microbial biodegradation inrtiosphere. Some of these factors may also
explain why the half-lives observed under labonatoonditions are much shorter than those
obtained from long-term field-based experimentsrgggan Commission, 2007). The results of
Wild et al. (1991) and Wild and Jones (1993) dertrates the difference of tests conducted for
several PAHs in field conditions compared to labmma tests. Wild et al. (1991) observed
elimination half-lives (in form of dissipation timgstarting from 8.1 years for benzo[a]anthracene
and chrysene up to 9 years for benzo[b]fluoranthémehis field experiment soils were enriched
with PAH-contaminated sludge (Wild et al., 1991).

In another study Wild and Jones derived differeaif-lives in a microcosm study with four soll
types (Wild and Jones, 1993). The elimination ha#s for the tested PAHs are much shorter than
in the field study spanning a range starting fr@®6-B13 days for benzo[a]anthracene and chrysene
up to 143-359 days for benzol[k]fluoranthene. It taabe noted that the latter results were derived
from a greenhouse study and should therefore naseé for the assessment of persistence. Various
studies on PAH-contaminated soils have revealedt tie number of PAH-degrading
microorganisms and the degrading capacity are nmigher in PAH-contaminated soils than in
pristine soils indicating that adaptation may og&uropean Commission, 2007).

The fate of several PAHs in two different soils wested by Park et al. (1990). For this dossier the
results for benzo[a]pyrene, benzo[a]anthracengseime and benzo[b]fluoranthene are important.
The calculated half-live times for the aforemenéidrPAHs are all in the range of up to several
hundred days.

In a 1280 days laboratory simulation of the “lamafang” process an oily sludge of a petrochemical

plant was seven times applied to sandy loam santhesng a 920-day active disposal period
followed by a 360-day inactive 'closure' period.eTthecreases in the concentrations of several
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PAHs including benzo[a]anthracene, chrysene, Heifthooranthene, benzolj]fluoranthene,
benzo[k]fluoranthene, benzo[a]pyrene and benzofe}ps in soil were determined. While the four-
ring substances (benzo[a]anthracene, chrysenebéen partly degraded, the five-ring compounds
remained at fairly high concentrations (Bosseflet1984). Since the duration of this study is too
long for the inocculum to remain stable this stualy such is regarded not to be reliable.
Nevertheless the trend that shows in the otherestusl supported by this work.

Table 7: Elimination half-lives for PAHs in soil

Substance Result Reference

Benzo[a]pyrene DisDTs =8.2 years (field study) (Wild et al., 1991)
DisDTsp =120 — 270 d (microcosm study) (Wild and Jone83)9
Elimination half- life in two different soils: (Park et al., 1990)

DisDTs = 178 — 315 d
DisDTs, = 239 — 462 d

55.6 % remaining after 1280 days (laboratory (Bossert et al., 1984)
simulation of landfarming process)

Benzol[e]pyrene 87.0 % remaining after 1280 daysofiatory (Bossert et al., 1984)
simulation of landfarming process)

Benzo[a]anthracene DisDTso = 8.1 years (field study) (Wild et al., 1991)
DisDTso = 106 — 313 d (microcosm study) (Wild and Jon&93)
Elimination half- life in two different soils: (Park et al., 1990)

DisDTso = 131 — 217 d
DisDTs, = 210 — 347 d

1.5 % remaining after 1280 days (laboratory (Bossert et al., 1984)
simulation of landfarming process)

Chrysene DisDTs =8.1 years (field study) (Wild et al., 1991)
DisDTso =106 — 313 d (microcosm study) (Wild and Jone83)9
Elimination half- life in two different soils: (Park et al., 1990)

DiSDT50 =257 — 866 d
DisDTs, = 289 — 533 d

3.1% remaining after 1280 days (laboratory simatat| (Bossert et al., 1984)
of landfarming process)

Benzolb]fluoranthene DisDTs, =9 years (field study) (wild et al., 1991)
DisDTsp =113 — 282 d (microcosm study) (Wild and Jone$3)9
Elimination half- life in two different soils: (Park et al., 1990)

DisDTs, = 169 — 277 d
DiSDT50 =231-385d

79.4% remaining after 1280 days (laboratory (Bossert et al., 1984)
simulation of landfarming process)
Benzolj]fluoranthene 79.4% remaining after 1280d@agboratory (Bossert et al., 1984)

simulation of landfarming process)
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Substance Result Reference

Benzolk]fluoranthene DisDTs, =8.7 years (field study) (Wild et al., 1991)
DisDTsp =143 — 359 d (microcosm study) (Wild and Jone$3)9
29.9% remaining after 1280 days (laboratory (Bossert et al., 1984)

simulation of landfarming process)

Dibenzo[a,h]anthracene Elimination half- life indwlifferent soils: (Park et al., 1990)
DisDTso =267 —990d
DisDTso= 267 — 533 d

B.4.1.3 Summary

The presented data show that the PAHSs relevanthfsrdossier degrade in the environment very
slowly:

The model calculations by Mackay et al. (1992) ¢atk that benzo[a]pyrene, benzo[a]anthracene,
chrysene, benzo[b]fluoranthene, benzo[k]fluorantheand dibenzo[a,h]anthracene persist in
sediments with half-lives of more than 180 dayse8&ging studies (OECD TG 301C) for these
substances demonstrate that they are not readijegradable (MITI-List, 2002). When finally
considering biodegradation studies in soil, it bees clear that for the six substances the
dissipation half-lives are clearly longer than th80-days-criteria of REACH article 57 e),
especially when also considering the field studie®Vild et al., (1991). Therefore benzo[a]pyrene,
benzo[a]anthracene, chrysene, benzo[b]fluoranthdrenzo[k]fluoranthene and dibenzola,h]-
anthracene fulfil the P and the vP criteria acaoydto article 57 d) and e) of the REACH
regulation.

For the two remaining PAH, benzo[e]pyren and bejthojranthene there is much less data
available, probably due to the fact that these $wbstances do not belong to the pool of the 16
PAHSs defined by EPA. Since no degradation studigis half-life times were published for these
two PAHSs it cannot definitely be shown whether Ehand/or vP criteria are met. Nevertheless, the
substances are structurally closely related tather six PAHs and also the study of Bossert et al.
(1984) suggests similar dissipation behaviour ih Sberefore it can be assumed that they, too, are
persistent in the environment.

B.4.2 Environmental distribution
B.4.2.1 Adsorption/desorption

The distribution of a substance between air andiqodste matter under normal atmospheric
conditions depends on the lipophilicity, vapor gree, and aqueous solubility of the substance.
Generally, PAHs with few (two to four) aromatic ggoccur mainly in the vapor phase and are
adsorbed, whereas PAHSs consisting of more aromatie exist mainly in the adsorbed state (Hoff
and Chan, 1987; McVeety and Hites, 1988; Bakertisdnreich, 1990).

The organic carbon partitioning coefficient logdis a measure for the tendency of a substance to
adsorb on organic carbon. An overview for the PAHguestion is shown below in Table 8.
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Table 8: Distribution relevant date: Henry's constats, log Kow and log Koc data of the
PAHSs in this dossier.

Substance Henry's constant| log Kow® log Koc® | Comments reg. log kc®
(Pa/m’mol at
25 °C)
Benzo[a]pyrene 0.0%4 6.50 8.3 Specified particulate
6.66 LSC
6.26 Average on sediments
4.0 Predicted to be dissolved
Benzol[e]pyrene 0.0%9 6.44 7.20 Specified particulate
4.0 Predicted to be dissolved
Benzo[a]anthracene 081 5.61 7.30 Specified particulate
6.30 Average on Sediments

4.52 Suspended particles

Chrysene 0.079 5.91 6.90 Specified particulate
6.27 Average on Sediments
4.0 Predicted to be dissolved
Benzo[b]fluoranthene | 0.051 6.12 5.06" Calculated
Benzolj]fluoranthene 0.0%1 6.12 5.06" Calculated
Benzolk]fluoranthene 0.043 6.84 7.00 Specified particulate
5.99 Average on Sediments

4.00 Predicted to be dissolved

Dibenzo[a,h]anthraceng  1.31® 6.50 6.31 Average of 14 soil or sediment samplas,
shake flask, LSC

(a) Unless stated otherwise values were taken fhenWHO-report on PAHs (WHO, 1998); (b) Values wileen from Annex XV
transitional report — CTPHT (European Commissior)730 (c) Values were taken from Mackay. al, 1992; (d) Values were
calculated according to the Endpoint Specific Goaaof ECHA (European Chemicals Agency, 2008); (@u¥s were taken from
a study of Meylan and Howard (1991)

It can be concluded that PAHs with four or fivegsrhave a very high potential to adsorb to organic
matter and will be distributed to sediments andl Snce they are not mobile in soil and sediment,
they can be expected to persist in these compatsmen

B.4.2.2 Volatilisation

The process of volatilisation depends on tempegatuind, water movement and molecular size of
the substance in question. Southworth showed tleatzdja]pyrene (five ring PAH) and
benzo[a]anthracene (four ring PAH) are persisteitih wespect to volatilisation due to their low
Henry's Law constant (Southworth, 1979). SinceHbary's Law constants for the other six PAHs
in this dossier (all four and five ring PAHs) ark im the same range or even lower as for
benzo[a]pyrene and benzo[a]anthracene (see Tabl®vB)volatilisation is expected to be a
negligible dispersion process for these substances.
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B.4.2.3 Distribution modelling

The behaviour of the eight PAHSs in this dossiemaimunicipal wastewater treatment plant was
calculated using the Simple Treat Model under tegumption that no biodegradation occured
(k=0/h). The results are shown in Table 9.

Table 9: Distribution of considered PAHs in municipal waste water treatment plants (STP)

log Koc Distribution of PAH in STP®
Substance
% to air % to water % to sludge % degraded
Benzo[a]pyrene 8.3 0.0 8.0 92.0 0.0
6.66 0.0 8.2 91.8 0.0
6.26 0.0 8.4 91.6 0.0
4.0 0.0 46.9 53.1 0.0
Benzol[e]pyrene 7.20 0.0 8.0 92.0 0.0
4.0 0.0 46.9 53.1 0.0
Benzo[a]anthracene 7.30 0.0 8.0 92.0 0.0
6.30 0.0 8.3 91.7 0.0
4.52 0.0 24.4 75.6 0.0
Chrysene 6.90 0.0 8.1 91.9 0.0
6.27 0.0 8.4 91.6 0.0
4.0 0.1 46.8 53.1 0.0
Benzolb]fluoranthene 5.06 0.0 135 86.5 0.0
Benzolj]fluoranthene 5.06 0.0 13.5 86.5 0.0
Benzolk]fluoranthene 7.00 0.0 8.1 91.9 0.0
5.99 0.0 8.7 91.3 0.0
4.00 0.0 46.8 53.2 0.0
Dibenzo[a,h]anthracene 6.31 0.0 8.3 91.7 0.0

(b) Values for distribution in STP calculated with Sigifreat 3.0 (debugged version, 7 Feb 97)

Due to the partitioning to solids, low concentratoof these PAHs in aqueous solutions are
expected.

B.4.3 Bioaccumulation
B.4.3.1 Aquatic Bioaccumulation

Bioaccumulation of PAHs from water is strongly degent on the physicochemical properties of
the compound and the species exposed: the ratexamulation and elimination generally
decrease with increasing molecular weight (corredp to a lower solubility). Different factors
linked to animal behaviour and characteristicsuefice uptake and accumulation of PAHSs, such as
biotransformation, size of the organism, avoidamdehighly contaminated sites, burrowing
behaviour, density of the organism population alduibbation. Metabolism may be very important

43



ANNEX XV RESTRICTION REPORT FORMAT

in explaining PAH accumulation patterns. It is segpd that high molecular weight PAHs are more
rapidly metabolized than low molecular weight PAde to differences in enzyme affinity (Schnell
et al., 1980).

Molluscs have a very limited ability to metaboli2&Hs, while in algae and oligochaete worms no
evidence of PAH metabolism has been found.

B.4.3.1.1 Bioaccumulation estimation

Based on the substance’s logwWrange from 5.91 - 6.5 the PAHs considered are aggdeto
bioaccumulate.

B.4.3.1.2 Measured Bioaccumulation data

Bioaccumulation of many PAHs has been measuredamows species. Most of the studies
mentioned below have already been discussed inl detdhe Annex XV transitional dossier for
coal tar pitch high temperature (European Commis2007), in the Annex XV Support document
for the identification of coal tar pitch high termpaure as a SVHC-substance (European Chemicals
Agency, 2009) and in a report by RIVM on the Biaaoalation potential of PAHs (Bleeker and
Verbruggen, 2009). Experimental data from studiesother aquatic organisms, i.e. crustaceans,
were considered for the PAHSs for which no studiesenavailable with fish or molluscs.

The most relevant studies and results are summdansiBable 10.
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Table 10: Overview of the bioaccumulation studiesoir the eight considered PAHS.

Substance Species BCF R| Test | Type® References
system
b)
Benzo[a]pyrene Lepomis 367 - 2 F k/k (Jimenez et al., 1987)
macrochirus 608" (total); fed
Lepomis 30 2 F k/k, (McCarthy et al., 1985)
macrochirus
Dreissena 84000 2 S k/Kko (Bruner et al., 1994)
polymorpha (total=parent)
Dreissena 41000 | 2 S k/ko (Bruner et al., 1994)
polymorpha (total=parent)
Dreissena 77000 |2 | S k/ko (Bruner et al., 1994)
polymorpha (total=parent)
Dreissena 133000’ |2 | S k/k, (Gossiaux et al., 1996)
polymorpha (total=parent)
Dreissena 142000’ |2 | S k/k, (Gossiaux et al., 1996)
polymorpha (total=parent)
Perna viridis 8500 2 SR Equilibrium (Richardson et al., 2005
Daphnia magna 12761 | "2| s Equilibrium (Newsted and Giesy,
1987)
Daphnia magna 2837 N2l's Equilibrium (Leversee et al., 1981)
Eurytemora 17509 2 F Equilibrium (Cailleaud et al., 2009)
affinis
Mysis relicta 8496 2 F k1/k2 (Evans and Landrum,
1989)
Pontoporeia hoyi| 73000 1 F k1/k2 (Landrum, 1988)
Pontoporeia hoyi| 48582 2 F k1/k2 (Evans and Landrum
1989)
Chironomus 650 2 S Equilibrium (Leversee et al., 1982)
riparius (4th
instar larvae)
Chironomus 166 2 S Equilibrium (Leversee et al., 1981)
riparius (4th
instar larvae)
Hexagenia 2725- | 2 F k1/k2 (Landrum and Poore,
limbata 11167™ 1988)
Stylodrilus 7317 2 F k1/k2 (Frank et al., 1986)
heringianus
Lemna gibba 7-910 2 F k1/k2 (Duxbury et al., 1997
Capitella capitatd] 0% 3 | FD Equilibrium (Bayona et al., 1991)
Polychaete sp. 138 |3 | FD Equilibrium (Bayona et al., 1991)
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Substance Species BCF R| Test | Type?® References
system
b)
Benzol[e]pyrene Daphnia magna 25200 | 92| S NS (Newsted and Giesy,
1987)
Capitella capitata] 1% ¥ | FD Equilibrium (Bayona et al., 1991)
Polychaete sp. 1% |3 | FD Equilibrium (Bayona et al., 1991)
Benzo[a]anthracene Pimephales 260 2 F Equilibrium (de Maagd et al., 1998)
promelas
Pontoporeia hoyi| 63000 1 F 1k (Landrum, 1988)
Daphnia pulex 10109 | % Equilibrium (Southworth et al., 1978
Daphnia magna | 10226 | "2 Equilibrium (Newsted and Giesy,
1987)
Capitella capitata] 3% 3 | FD Equilibrium (Bayona et al., 1991)
Polychaete sp. o 3 | FD Equilibrium (Bayona et al., 1991)
Chrysene Daphnia magna | 6088 | SR Equilibrium (Newsted and Giesy,
1987)
Eurytemora 9509 2 Equilibrium (Cailleaud et al., 2009)
affinis
Capitella capitata] 6% 3 | FD Equilibrium (Bayona et al., 1991)
Polychaete sp. 19, 3 | FD Equilibrium (Bayona et al., 1991)
Benzo[b]fluoranthene | Capitella capitata] 1% 3 | FD Equilibrium (Bayona et al., 1991)
Polychaete sp. g 3 | FD Equilibrium (Bayona et al., 1991)
Benzo[j]fluoranthene | Capitella capitata] 8% 3 | FD Equilibrium (Bayona et al., 1991)
Polychaete sp. o6 3 | FD Equilibrium (Bayona et al., 1991)
Benzolk]fluoranthene | Daphnia magna 13225 2| SR Equilibrium (Newsted and Giesy,
1987)
Capitella capitata] 1% 3 | FD Equilibrium (Bayona et al., 1991)
Polychaete sp. 1M |3 | FD Equilibrium (Bayona et al., 1991)
Dibenzo[a,h]anthraceng Daphnia magna 50119 7 | B Equilibrium (Newsted and Giesy,
1987)

a) Reliability score: 1-reliable without restrictiong;reliable with restrictions, 3-unreliable, 4-nas@nable; b) F: flow-through
system, S: static exposure system, SR: static rénewix organisms collected from the field; &L/k2: kinetik: uptake
rate/depuration rate, total: total compound conegion (including transformation products), parg@rent compound concentration,
NS: not steady state; d) "Apparent" bioconcentrafaxtors (ratio between tissue and sediment cdrat@ns); e) Reliabilty scores
according to (Bleeker and Verbruggen, 2009); f) Pt scores according to draft rivm report (200§) BCFs are based on dry
weight

B.4.3.2 Summary

Benzo[a]anthracene accumulates in fish (Pimephglesmelas) but fails to reach the
Bioaccumulation trigger value (i.e. BCF >2000)chstaceans BCF values are very high (>10000),
meeting the trigger values for the B and vB-chamastic. Benzo[a]pyrene shows similar patterns
with BCF fish clearly not reaching the trigger valand invertebrates exceeding it by far, with the
exception of Chironomus riparius that is capable metabolizing benzo[a]pyrene. For
benzole]pyrene, chrysene, benzo[k]fluoranthene, @dibenzo[a,hlanthracene valid data are only
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available for Daphnia magna showing very high BCRlugs for all compounds. For
benzo[b]fluoranthene and benzo[j]fluoranthene nbalée data are available at all, although
benzo[b]fluoranthene appears to accumulate in recdlin the field (Takeuchi et al., 2009). From a
weight of evidence approach on the basis of sitigarof the log kw-values and molecular sizes
it can be assumed that these PAHs will fulfill heriterion (i.e. BCF >2000) as well.

B.4.4 Secondary poisoning

Food web transfer of PAHs and accumulation of PAétaholites by predators may theoretically

occur in both aquatic and terrestrial environmeitewever, several studies have shown that
biomagnification of PAHs does not occur. This effean partly be explained due to the relatively
high rates of metabolism and also due to the ewtretf PAHs in vertebrates and some

invertebrates (The Netherlands - Bureau REACH, 2009
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B.5 Human health hazard assessment

Hazards and risks of PAHs and PAH-containing malefvere reviewed in various reports (WHO,
1995 (JECFA), 1998 (IPCS), and 2003; ATSDR 19955&R008). These reports have assessed
the toxicological data on PAHs in detail and itnist the goal of this dossier to reiterate their
content.

Numerous PAHs are known to be carcinogenic, muiagemd/or toxic to reproduction. The
human health endpoint of utmost concern is theiteqital for genotoxic carcinogenicity.
Carcinogenicity of PAHs will presumably be exertediumans and is being regarded as the critical
effect for the purpose of this restriction proposal

In addition to the above-mentioned (and some amftht) review reports, which covered the
published literature up to and including the ye@®2 a literature research was performed for this
dossier in order to account for the recent litewaton BaP and PAH toxicity and risk assessment
from 2003 until today. The following databases wsearched: DIMDI, Scopus, HighWire, ISI
Web of Knowledge, and TOXNET. The databases weeried for the terms ‘PAH’ and/or the
CAS numbers of the substances evaluated in thisiefos combination with the terms ‘cancer,
‘carcinogenicity’, ‘tumor, or ‘tumour’. A similarsearch was performed using the terms
‘metabolite, ‘metabolism’, ‘toxicokinetics’, ‘absption’, or ‘ADME".

In contact with consumer articles, consumers angosxd to a multitude of PAH mixtures of
different composition. Each of the (sometimes upséveral hundred) different PAH mixture
components possesses its own toxicity profile, gitgm behaviour, and may potentially be
carcinogenic. Basically three approaches have bbhesen by risk assessors to address this issue
(cf. WHO 1998): the Toxicity Equivalence Factor {H)Eapproach, the Relative Potency approach,
or the ‘surrogate’ approach (i. e. taking BaP a®mesentative surrogate of the toxicity of the
whole PAH mixture).

The surrogate approach, which has been justified bymber of authors, has also been pursued in
the creation of this dossier, as the authors agiethe conclusion given by EFSA (2008):

I...] A toxic equivalency factor (TEF) approach tbet risk characterisation was not

considered to be scientifically valid because & kick of data from oral carcinogenicity

studies for different PAHs, their different modes aation and the evidence of poor
predictivity of the carcinogenic potency of PAH tuaies based on the currently proposed
TEF values.[...]’

B.5.1 Toxicokinetics (absorption, metabolism, distribution and elimination)
B.5.1.1 Absorption

B.5.1.1.1 Oral

Extensive descriptions are available in the stathdaviews, e.g. Mumtaz and George (ATSDR)
1995, WHO (1998) and EFSA (2008). The followingslsmmmary is given in WHO (2003):

‘[...] PAHs are absorbed in experimental animalsdadmumans through the pulmonary tract,
the gastrointestinal tract, and the skin. Absorptio of BaP, DBahA
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[dibenzo[a,h,]anthracene], and PY [pyrene] was miB0—90 %) following low and high

oral doses in rats (Chang, 1943; Foth et al., 1988they et al., 1991). Absorption from the
gastrointestinal tract occurs rapidly. Oral admitrgtion of FA [fluoranthene], PY, and

BaA [benzo[a]anthracene] to rats caused peak cotregions of these compounds in the
blood after 1-2 hours (Lipniak & Brandys, 1993)eTihtestinal absorption of the individual

PAHSs is highly dependent on their solubility, thigadity, the presence of bile (Rahman et
al., 1986), and the lipidity of the various PAH-taining foods ingested. Whereas oils
enhanced the absorption of BaP, water and soliddfeuppressed the absorption
(Kawamura et al., 1988). [...]’

Mainly due to the use of non-standardised test auetlogy instead of following established test
guidelines, the results described in the literalne sometimes confusing and contradictory, as is
well demonstrated at the example of a summary goyeBulder (2006):

‘[...] Absorption of PAHs from the gastro-intestinalact appears to vary per animal
species. BaP absorption reached 89-99 % after @oad) exposure of rats (Rabache et al.,
cited by Kan et al, 2003). Another study in ratswsd that first a direct absorption occurs
1-2 hours after feeding. After 3-4- hours a secommlease in serum concentration occurs
due to entero-hepatic circulation (Van Schootenakt 1997, cited by Kan, 2005). In
contrast, a study from Grova et al. (2002) showweat activity from radio-labeled BaP was
not traced in blood and milk from orally exposedtéding goats. Hoogenboom et al. (2005)
concluded from this study that the heavier PAHs apparently not absorbed from the
gastro-intestinal tract (and transferred to millgince the rat seems more relevant as a
model for human uptake, it is considered that imhos PAHs may be readily absorbed
from the gastro-intestinal tract. [...]'

The study by Foth et al. (1998) arrived at an brahvailability of BaP of 40 %, but the conditions
used were not fully transferable to the vivo situation in humans (the test substance was not
administered via the diet, but by intraduodenalsndn instead).

Overall, in order to account for the uncertaintieshe oral absorption database studies, an oral
absorption rate of 50 % was assumed. It shoulddbedn that the absorption rate for some PAHs
from cigarette smoke is considerably higher (cftisa B.9.3.3.1).

B.5.1.1.2 Inhalation

Literature on absorption of BaP/PAHs via inhalatisn somewhat vague when it comes to
concluding on concrete bioavailability figures @lling exposure along this route. Even in the
standard reviews (WHO 1998, Mumtaz and George (AHBI®P95) no precise absorption rates are
established. However, there appears to be somea@jrconviction that a significant amount of
PAHs might be systemically available after inhalati

In order to account for the uncertainties in th@easment of bioavailability following inhalatiom a
absorption rate of 50 % was assumed.

B.5.1.1.3 Dermal
A variety of reports of experiments on dermal apson performed with different PAHs both

vivo andin vitro are available. Given the 'one-for-all'/substitapgproach followed in this dossier,
the focus is placed on studies performed with BaP.
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The following studies were evaluated: Sanders .e{1886), Payan et al. (2009), Kao et al. 1985,
Fasano et al. (2007 and 2007b), Ng et al. (1992t et al. (1990). The majority of these studies
showed — to a varying degree - deficits in expentalesetup and/or reporting, and/or they were
often not readily transferable to the problems uised in this report. Kao and co-workers (1985)
demonstrated the importance of using viable skinthey found that active skin metabolism
significantly enhanced the uptake of radioactiuityabsorption studies with BaP.

The two studies found most suitable for the purpafsenis dossier were the ones by Wester et al.
(1990) and Ng et al. (1992).

Overall, notwithstanding the fact that even higlermal absorption rates were observed in animal
studies with BaP dissolved in acetone bathivo andin vitro, a value of 50 % was established as a
realistic scenario in animals. It is noted that gluestion of whether acetone constitutes a 'realist
vehicle in terms of human exposure is not relevanthis context. The majority of dermal
carcinogenicity studies in animals were also penfeat using acetone.

However, for risk characterisation (comparison ofian exposure against DMELS), an estimate of
20 % was used, as — based on assessment of the adailable database - dermal uptake of
BaP/PAHs from sweat was considered likely to bartyelower compared to the situation when
acetone was used as a vehicle. It must be strekaedhis rate only refers to dermal uptake of
BaP/PAHs_followingmigration of these substances from the contanunatécle into the sweat.
The migration rated is accounted for separatelys@ttion B.10).

In summary, the database in animals demonstratediderable absorption across all possible
routes of exposure. For DMEL derivation, the follovassumptions were made:

In the absence of any substantial evidence to ¢n&rary, absorption rates were seen as being
basically comparable for all routes in these experits i. e. all were estimated to be in the
range of about 50 %.

While this holds true for dermal absorption of Ba of an acetone matrix, absorption from
sweat was assumed to be lower by a factor of 2€5,im the order of 20 %.

B.5.1.2 Distribution

Extensive summaries of the available data on Oigion have been provided a. 0. by ATSDR
(1995), WHO (1998 or 2003), or EFSA 2008. Apartrirthe fact that a different time-course of
distribution along different routes of applicationight be part of the explanation, why in the
carcinogenicity studies summarised below tumounewéen noted at the site of first contact, i. e.
before systemic distribution, this endpoint doespiay a central role for the argumentation in this
dossier and is therefore not considered any further

With regard to bioaccumulation, specific data innmnaals were not available for this dossier. Based
on observed metabolisation rates and on the reg@feradioactivity in oral or dermal absorption
experiments, it is considered unlikely that the BA¢bvered by this dossier or their metabolites
possess an excessive potential to accumulate imuiman body.

B.5.1.3 Metabolism

A short summary is provided in WHO (2003):
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‘...] The metabolism of PAHs is complex. Generathe process involves epoxidation of
double bonds, a reaction catalysed by the cytockrBrd50-dependent monooxygenase, the
rearrangement or hydration of such epoxides todypenols or diols, respectively, and the
conjugation of the hydroxylated derivatives. Reactiates vary widely, and interindividual
variations of up to 75-fold have been observed, doample, with human macrophages,
mammary epithelial cells, and bronchial explantsnir different donors. Most metabolism
results in detoxification, but some PAHs in sonteasions become activated to DNA-
binding species, principally diol-epoxides, thahaaitiate tumours (WHO, 1997). Although
the PAHSs are similar, they have structural diffezes that are the basis for differences in
metabolism and relative carcinogenicity. The melgbo of the more carcinogenic,
alternant (equally distributed electron density) H\ such as BaP, BaA, and DBahA, seems
to differ in some ways from that of non-alternanbgven electron density distribution)
PAHSs, such as FA, BbFA, BKFA [benzo[k]fluoranther@FA [benzolj]fluoranthene], IP
[indenopyrene], BghiP [benzo(g,h,i)perylene], and FPhillips & Grover, 1994; ATSDR,
1995). In general, little is known about the meta of most PAHS, particularly in non-
rodent species. It should be noted that there apfiehe species differences in the enzymes
that activate PAHs (Michel et al., 1995) and in fbemation of DNA adducts (Kulkarni et
al., 1986).[...]

Metabolic activation is seen as a prerequisitegHercarcinogenic potential of the PAHs covered by
this dossier but has been extensively discussedhier reviews of PAH toxicity (IARC 2006, cf.

also WHO 1998, Table 74: Putative ultimate carcems). Cf. also section B.5.7 on mutagenicity
below.

As the focus of this dossier is on carcinogenicéygdiscussion of metabolism by itself is not
considered relevant and this endpoint thereforeth@®fore not elaborated any further.

B.5.1.4 Excretion

Not relevant for this dossier

B.5.2 Acute toxicity

Not relevant for this dossier

B.5.3 Irritation

Not relevant for this dossier

B.5.4 Corrosivity

Not relevant for this dossier
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B.5.5 Sensitisation

Not relevant for this dossier. Of the eight compasutreated in this dossier, BaP is the only one
legally classified/labelled as sensitising via skirthe EU (cf. section B.3).

B.5.6 Repeated dosed toxicity

Non-neoplastic effects have not been consideredhisr dossier which is focussed on potential

carcinogenic risks arising from PAH-contaminatedstomer products. It is assumed that thresholds
for non-neoplastic effects will be clearly highaah the range of DMELs which is deduced below

(section B.10).

B.5.7 Mutagenicity

PAHs with relatively planar, highly conjugated amtin structures such as the considered PAHs
have a genotoxic potential which is characterisedirairect because metabolic activation is
required for the induction of mutagenic effects. tdfjenic effects are induced after
biotransformation of these PAHs to reactive elgitilic metabolites, which can bind covalently
and form adducts with intracellular macromolecidash as DNA. DNA adducts, which may result
in gene mutations, DNA strand breaks or chromosaabalrations, are the precursor lesions for
mutations, which arise through replication of esrior the DNA during DNA synthesis.

In a summary report of Xue and Warshawsky (200%) fbllowing pathways for metabolic
activation of PAHs are discussed:

dihydrodiol epoxide pathway
one-electron oxidation pathway
orthoquinone pathway and
sulphuric acid ester pathway.

The dihydrodiol epoxidepathway is catalysed by several enzymes such a@sGihd epoxide
hydroxylases. Metabolic activation finally leads ttee formation of electrophilic diolepoxides,
which belong to the most potent chemical mutageggonted so far. BaP, chrysene and
benzo[a]anthracene are metabolised through thibwagt BaP, whose metabolism is well
examined, is rapidly metabolised to its main melitdyo7,8-dihydrodiol-9,10-epoxide, which then
can form DNA adducts.

The one-electron oxidatiorpathway seems to play a relevant role for ceriafiHs with lower
ionisation potential. It is known that a PAH radication is formed by removal of one electron
through oxidation. Electrophilic radical cationg aapable of interacting with nucleophilic regions
in cellular macromolecules.

The oxidation of PAH dihydrodiols by dihydrodiol ldgdrogenases to PAH-derivedthoquinones

is described as a possible metabolic activatiohvpay for PAHs. Also PAH-orthoquinones have
the potential to form stable DNA-adducts.
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Formation of sulphuric acid estershas been observed with several primary or secgndar
hydroxymethyl PAHs and is catalysed by the enzymHotsansferase. Apparently, by this
mechanism, an electrophilic benzylic carboniumiggenerated which can then bind to DNA.

Contrasting some of the earlier views on the meshas involved in PAH mutagenicity, most

likely no single mechanism can be found to domimagtabolic activation of PAHs as a whole.
Rather the relative significance of each mecharapparently will depend on variable factors such
as the chemical/biological characteristics of eadividual compound or the level of expression of
activation enzymes involved.

An overview of statements on the mutagenicity ofH3Aconsidered in this restriction proposal is
given in Table 11.

Table 11: Genotoxicity/carcinogenicity of polycyck aromatic hydrocarbons: overall
evaluation
Substance Mutagenicity Carcinogenicity
(CAS no.) Classifica- | WHO/ | EC (2002) FAO/WHO | Classifica- | Mutagenic
tion/ label- IPCS (2006) tion/ label- mode of
ling (1998) ling action (US
EPA, 2007)
Benzo[a]anthracene No Geno- Genotoxic Genotoxic, | Carc. Cat. 2,| X
(56-55-3) toxic (positive results | bothin vitro | R45"
in vitro and in andin vivo Carc. 1B,
vivo for H3502
multiple end-
points; positive
also at germ cell
level)
Benzol[a]pyrene Mut. Cat. 2, | Geno- Genotoxic Genotoxic, | Carc. Cat. 2,| X
(50-32-8) R46' toxic (positive results | bothin vitro | R45"
Muta. 1B, in vitro and in andin vivo Carc. 1B,
H340 vivo for mult- H350
iple end-points;
positive also at
germ cell level)
Benzolb]fluoranthene | No Geno- Genotoxic Genotoxic, | Carc. Cat. 2,| x
(205-99-2) toxic (positive results | bothin vitro | R45"
in vitro and in andin vivo Carc. 1B,
vivo for H350
multiple end-
points)
Benzol[e]pyrene No Geno- Equivocal - Carc. Cat. 2,| -
(192-97-2) toxic results (mixed R45"
results in vitro; Carc. 1B,
inconsistent H350
results in vivo)
Benzolj]fluoranthene No Geno- Genotoxic Genotoxic, | Carc. Cat. 2,| -
(205-82-3) toxic (positive results | bothin vitro | R45"
in vitro and for | andin vivo Carc. 1B,
DNA bindingin H350
Vivo)
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Substance Mutagenicity Carcinogenicity
(CAS no.) Classifica- | WHO/ | EC (2002) FAO/WHO | Classifica- | Mutagenic
tion/ label- IPCS (2006) tion/ label- mode of
ling (1998) ling action (US
EPA, 2007)
Benzolk]fluoranthene | No Geno- Genotoxic Genotoxic, | Carc. Cat. 2,| X
(207-08-9) toxic (positive results | bothin vitro | R45"
in vitro and for | andin vivo Carc. 1B,
DNA bindingin H350
Vivo)
Chrysene Mut. Cat. 3, | Geno- Genotoxic Genotoxic, | Carc. Cat. 2,| X
(218-01-9) Re6g" toxic (positive results | bothin vitro | R45"
Muta. Cat. 2, in vitro andin andin vivo Carc. 1B,
H34 1 vivo for multiple H350
end-points;
positive also at
germ cell level)
Dibenzo[a,h]anthracene No Geno- Genotoxic Genotoxic, | Carc. Cat. 2,| X
(53-70-3) toxic (positive results | bothin vitro | R45"
in vitro andin andin vivo Carc. 1B,
vivo for multiple H350
end-points)

I Classification under Directive 67/548/EEXClassification and hazard statements under Reguléf6h No 1272/2008

BaP and CHR are classified as mutagenic (Dire@ik/&48/EEC; Regulation (EC) No 1272/2008).
Harmonised (= legally binding) classification aadbélling of the other PAHSs for this endpoint has
not been proposed and discussed in the EU conawmifte classification and labelling up to now.

PAHs were evaluated as genotoxic in an overviewntdpy the IPCS (International Programme on
Chemical Safety, 1998).

On the basis of available data EC (European Conmnis2002) and FAO/WHO (Food and
Agriculture Organization of the United Nations/WbHealth Organization, 2006) characterised 7/8
of the considered PAHs as genotoxic. In contrashéolPCS (1998), the EU (2002) has evaluated
the same mutagenicity data for benzo[e]pyrene as/ecpl. For the assessment of the mutagenic
effect from benzo[e]pyrene no additiomalvivo data of standard mutagenicity tests are available.
Within the group of PAHSs evidence of genotoxicityedaps with that for carcinogenicity (Table 11
above). All considered PAHs have been classifieth wegard to their carcinogenicity. For a
mutagenic mode of action, a carcinogen or onesahitabolites has to be DNA-reactive and/or has
to be able to bind to DNA. EC (2002) concluded gmegment with the mechanistic link between
DNA adduct formation, mutations, and carcinogen#dss the considered PAHs with exception of
benzo[e]pyrene (because of its equivocal mutagignilgita) have a mutagenic mode of action. The
US EPA (2007) has identified six out of the eighiH® in this dossier as possible carcinogens via a
mutagenic mode of action.

BaP, the most studied PAH, has been acceptedexemee compound for PAHSs. In a large number
of publications it has been shown that BaP indiid# adducts as well as mutagenic effects such
as gene mutations or chromosomal aberrationgro andin vivo in rodents. Therefore, only some
publications, which were published after the ovenwireport of WHO/IPCS (1998) were referred
exemplarily. In mutagenicity tests with rodentsvdas shown that BaP induces mutagenic effects at
the site of application in the skin after dermabesure (Dean et al., 1998; Nishikawa et al., 2002)
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as well as in the lung after intratracheal expogGary et al., 2003, Hashimoto et al., 2005) and i
the viscera after oral exposure (Hakura et al.81.99

In the last years, further studies were carriedtowarify details of chemical mechanisms of DNA
adduct formation (Hashimoto et al., 2005; Sagredal.e2006; Wu et al., 2008) as well as the role
of PAH-DNA adducts in the context of carcinogenic{Baird et al., 2005). Some studies were
carried out in order to compare thre vivo mutagenicity and carcinogenicity induced by BaP in
different organs. Thus Hakura et al. (1998) ingzded the induction of mutagenic effects and
carcinogenicity by BaP under the same experimeobalditions in different organs after oral
administration of 125 mg/kg bw BaP for a periodbafonsecutive days using the mutagenicity test
system lacZ transgenic mice (MU¥alouse). The highest mutant frequency was obsemete
colon followed in descending order by the ileum > fooesach> bone marrow, spleen > glandular
stomach > liver, lung> kidney and heart. No significantly increased nates found in the brain.
BaP induced squamous cell carcinoma, papilloma, haygerplasia in the forestomach and
malignant lymphoma primarily in the lymphatic orgamncluding the spleen. Furthermore,
bronchio-alveolar hyperplasia was induced in thegluNo tumours were observed in the other
organs. These results indicate that the magnitédewvo lacZ mutant frequencies induced by BaP
in different organs did not fully correlate withetkarget organs for carcinogenicity.

Hakura et al. (1999) confirmed this result in aHler study in which they examined frequencies of
lacZ gene mutations in target organs (forestomapleen, lung) and non-target organs (colon,
glandular stomach, liver) of BaP carcinogensis int&"Mice treated with an oral dose of 125
mg/kg bw BaP for five consecutive days. Tinevivo mutation analysis indicated that mutation
frequencies were markedly increased above spontaniequencies in all organs. The highest
mutation frequency was observed in the colon foldwn descending order by forestomach >
spleen > glandular stomach, liver and lung.

The observations made in both studies have clstidyvn that the generation of tumours requires
the induction of mutations as well as other factangch are specific for the target organ.

A corresponding conclusion was given by Kroesel.e(2801) who determined DNA-adducts by
¥2p_postlabelling after oral administration of 0.1/kegbw BaP in different tissues of rats parallel to
a carcinogenicity study. The results indicated DBtA-adducts were present in tissues in which
tumours developed (forestomach and liver) as welinatissues in which no tumour development
was observed. The authors concluded that the gemeraf tumours requires the induction of
mutations as well as factors specific to the tanygans and that local cell proliferation might be
such a critical factor.

In summary it can be stated that the formation NABadducts by reactive intermediates of PAHs
may be an indicator of the earliest step in theinagenesis. Due to the ability to induce genotoxic
effects the existence of a threshold value belowchvimo health risks exist can be excluded for
mutagenic PAHSs.

B.5.8 Carcinogenicity

The PAHs covered by this restriction proposal (logafpyrene (BaP), benzole]pyrene (BeP),
benzo[a]anthracene (BaA), chrysene (CHR), benzofinthene (BbFA), benzo[jJfluoranthene
(BjFA), benzo[k]fluoranthene (BkFA), and dibenzdinthracene (DBAhA)) are identified as
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carcinogenic substances according Regulation (EQ)1R72/2008 and Directive 67/548/EEC.
Furthermore BaP and CHR are classified for theitagenic effects (cf. Table 2 above).

As regards the eight PAHs evaluated in this dos#igs considered worthwile to point to the
conclusion of the International Agency for Reseatancer (IARC 2006):

‘[...] There is sufficienevidence in experimental animals for the carcimogéy of benz[a]-
anthracene, benzo[b]fluoranthene, benzolj]fluoraenie, benzolk]fluoranthene, benzola]-
pyrene, chrysene, [...], dibenz[a,h]anthracene [..Hefe is inadequate evidence in experi-
mental animals for the carcinogenicity of [...] befglpyrene [...] Benzo[a]pyrene is carci-
nogenic to humans (Group 1).[...] dibenz[a,h]antbeae and [...]... are probably carcino-
genic to humans (Group 2A). benz[a]anthracene, bfajtuoranthene, benzolj]fluoranth-
ene, benzolk]fluoranthene, chrysene, dibenzo[afldpg, are possibly carcinogenic to hum-
ans (Group 2B). Benzo[e]pyrene is not classifiabe to its carcinogenicity to humans
(Group 3)[...]

The Scientific Committee on Toxicity, Ecotoxicityné the Environment of the European
Commission (SCTEE) concluded in 2003:

...] The carcinogens beyond reasonable doubtare benz[a]anthracene,
benzo[b]fluoranthene, benzo[j]fluoranthene, benifloranthene, benzo[a]pyrene,
chrysene, dibenz[a,h]anthracene, and indeno[1,2ipy¢rene and have been classified by
IARC.[...] Thus, the SCTEE considers PAHs as likefginogens for man [...]’

Reviews of PAH toxicity, in particular on possildarcinogenic effects due to exposure to PAHs
conducted since 1990 by Health Canada/Environmana@a (EC/HC, 1994), the US Agency for
Toxic Substances and Disease Registry (ATSDR, 199%) European Food Safety Authority
(EFSA, 2008), the US Environmental Protection Age(idS EPA, 2002, 2003), the Dutch Expert
Committee on Occupational Standards, a committe¢h@fHealth Council of the Netherlands
(HCN, 2006), the International Agency for ReseanchCancer (IARC, 1998, 2006), the German
Senate Commission for the Testing of Harmful WaogkMaterials (MAK Commission, 2008), the
World Health Organization WHO, 1998, 2003) wererskeed to obtain citations of adequate animal
and human cancer data. In addition, several cudatatbases of primary literature published since
2003 were searched for cancer bioassays or life-fitudies with PAHs and/or benzo[a]pyrene (cf.
above, section B.5). Long-term animal studies keydhal, inhalation, or dermal route of exposure
identified within these review documents were aittel and evaluated for acceptability (i.e., use of
control groups, adequate dose spacing, clear faeiton of dose levels, presence of a dose
response relationship, statistically significarffedences compared to controls). Those which met
these criteria were selected for evaluation ofrtheitability for further estimations.

The above-mentioned database was also evaluatecevidence of a relationship between
occupational PAH exposure and cancer in humanse Verent data were interpreted in particular
by Armstrong et al. (1994, 2003, 2004, 2009), Camsto et al. (1995), Mastrangelo et al. (1996),
Boffetta et al. (1997), Moolgavkar et al. (1998)da&osetti et al. (2007). These included cohort and
case-control studies with exposure to various P&H-rsources (e. g. evaporation of carbon
electrode materials, coal tar distillation and ficakion, coke production, thermal decomposition of
organic materials) in various industries (e.g. ahiom production, coal gasification, and coke
production, iron and steel foundry). Most of theaigable human data come from inhalation and
dermal exposure to PAHs in a large range of ocoopalt settings (Greim, 2008). They vary with
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respect to type of industry and workplace. Howewremore than half of the cases, no information
with regard to the exposure profile and/or thecaincentrations of the different PAHSs is presented.

In these occupations, often PAHs were not the aolppounds to which workers were exposed.
There was also exposure to other chemicals, inofudirganic solvents, nitro-PAHs, aromatic
amines and metals, but also dust particles andnmescases asbestos. Some of these chemicals are
themselves known carcinogens (HCN, 2006). In adldjtimany studies were confounded by
smoking. These epidemiological studies confirm thigh occupational exposure levels to mixtures
of PAHs entail a substantial risk of lung, skin,ldadder cancer. The lung seems to be the major
target organ of PAH carcinogenicity and an incrdasek was observed for most of the industries
investigated. An increased risk of skin cancerofe high dermal exposure, an increase in bladder
cancer risk is found mainly in industries with higkposure to PAHs from coal tars and pitches.
However, no studies could be identified which walde to demonstrate cancer in humans as a
consequence of exposure to BaP or other single RAmMpounds alone, i. e. without any
confounding factors(s).

Numerous animal studies have been published orcdéinenogenic effects of PAHs, as single
compounds or as mixtures, by various routes of sxg A number of individual PAHs are
carcinogenic to experimental animals indicatingt tiney are potentially carcinogenic to humans
(HCN, 2006).

BaP is the best-studied PAH. It has been testedhuftiple animal species and is the only
carcinogenic PAH for which carcinogenicity studialng all routes of exposure (i. e. oral,
inhalation, and dermal) are available. It has b&®wn to be carcinogenic by all routes tested in a
number of animal species. Thus, for the purpogtisfdossier it was considered the most adequate
approach to use BaP as the lead compound for asses®f all the PAHs addressed by this
restriction proposal.

Within the purpose of this restriction dossier stnot intended to re-evaluate the carcinogenic
potential of the already classified eight PAHs fdot, carcinogenicity studies were assessed with
the main purpose of identifying the most suitalbéetsrg point(s) for DMEL calculation in order to
support quantitative risk characterisation.

B.5.8.1 Carcinogenicity: oral

Three long-term studies of recent date were saleatstudy in rats treated by gavage with BaP and
two feeding studies in mice, one comparing pure BéR two coal tar mixtures and a similar
experiment with BaP and a PAH-rich manufacturedpjast residue. These studies are considered
as the most adequate studies for the derivati@MEL(s) for the oral route of exposure.

Following oral administration of pure BaP or PAHxtoires, induction of local and systemic
tumours has been noted in rats and mice. In regatnbent-related tumours were found in the
gastrointestinal tract and liver, and mice studesgaled tumours in the gastrointestinal tracgrliv
and respiratory tract.
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B.5.8.1.1 Rat
B.5.8.1.1.1 Lifetime gavage study in rats (Kroese et al., 2001)

A combined chronic and carcinogenicity study in islisrats clearly showed BaP to be a potent
carcinogen upon chronic oral administration. Admstirdtion of oral doses of 0, 3, 10, or 30 mg
BaP/kg bw/d by gavage to groups of male and feMasar rats (n = 52/group) on 5 days per week
for 104 weeks resulted in a dose-dependent increms@mour incidences in a large variety of
organs, i. e., liver, forestomach, auditory caned| cavity, skin, intestines, (in males only) keyn
and the mammary and oesophagus in females. Thepatesit carcinogenic effects of BaP under
these testing conditions were observed in the laret forestomach, while for both organs a low
spontaneous incidence was noted in this rat stRapillomas and carcinomas were observed in the
forestomach, and adenomas and carcinomas in the divboth female and male rats. Tumours
were found at the lowest dose tested (3 mg/kg hwifugh at a (borderline) non-significant
incidence. Statistically significant incidences webserved at 10 mg/kg bw/d and above.

Liver tumours were also responsible for morbidibd@he high mortality rate at the highest dose
level in both sexes (100 % after about 70 week®ytdity was mainly due to sacrifice for humane
reasons when rats became emaciated, often witbndistl abdomen in which frequently one ore
more palpable masses were present in the cramal(lver). In control animals, survival after 104
weeks was about 65 % and 50 % in males and femalgsectively. The main cause of death was
tumour development in the pituitary, which was d¢stent with earlier findings in historical
controls of this laboratory (Kroese et al., 2001).

Table 12: Incidence of tumours in liver and forestomach in mé&e and female Wistar rats
following treatment with pure BaP

Dose 0 3 10 30

(mg/kg bw/d)

Sex M F M F M F M F
Tumour site

Liver 0/52 0/52 4/52 2/51 38/52 39/51 49/52 51/52
Forestomach 0/52 1/52 8/52 6/51 43/52 39/51 52/52 50/52
Auditory Canal 0/52 0/52 0/52 0/51 2/52  10/5 23/52 14/52

Note: bold print of dose values means p< 0.000&hdf's exact test

The lowest dose level associated with a signifigantreased tumour response in male and female
Wistar rats was identified at 10 mg/kg bw/d. Atsthdose level significantly increased
hepatocellular adenomas and carcinomas in the hgewell as squamous cell papillomas and
carcinomas in the forestomach were induced in dsioféboth sexes:

Liver tumours: 10 mg BaP/kg bw/d
Forestomach tumours: 10 mg BaP/kg bw/d
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B.5.8.1.2 Mouse
B.5.8.1.2.1 Lifetime feeding study in mice (Culp et al., 1998/&neider et al., 2002)

In a 2-year carcinogenicity study, female B6C3FTamin= 48/group) were fed pure BaP or two
different coal tar mixtures containing high amouotseveral PAHs. Two additional groups of 48
mice each served as controls, one group was fedttrmard diet, while the other was fed the
standard diet treated with acetone in a mannettickrio the BaP diets (Culp 1998; Schneider et
al., 2002).

BaP

BaP was fed at concentrations of 5, 25, or 100 ppthe diet (equivalent to doses of 20.5, 104 or
430 g/d). Papillomas and carcinomas were observedearidfestomach, oesophagus, and tongue.
All of the mice fed 100 ppm BaP were removed bywafeks because of morbidity or death. A

significant (p = 0.0009) number of mice treatedhwi#t5 ppm also died early. The percentage
survival of mice fed 5 ppm (56 %) was similar t@ ttontrol group. The increase in incidence of

neoplasms was related to dose, with high statlsgigaificance in the 25 and 100 ppm groups.

Table 13: Incidence of neoplasms in female B6C3F1 mice fed uBaP

Conc. in food (ppm) 0 5 25 100

BaP (mg/kg bw/d)* 0 0.65 3.25 13.0

Tumour site

Forestomach 1/48 (2%) | 3/46 (6 %) 36/46 (78 %) M6/ (98 %)
Oesophagus 0/48 (0 %) 0/48 (0 %) 2/45 (4 %) 29/ (59 %)
Tongue 0/48 (0%) | 0/48 (0 %) 2146 (4 %) &3 (48 %)

I The values were calculated according to REACH GuiddAppendix R.8-2, Table R.8-17) for female m®:g bw, daily food
consumption: 130 g food/kg bw/d; Note: bold prirgans significantly different (p< 0.05) from control

Coal tar mixtures

Coal tar mixture 1 (CTM 1, CAS No 8007-45-2) wasstandardised composite from seven
manufactured gas plant waste sites and coal taurei® (CTM 2) was a composite from two of the
seven waste sites plus a third site having a vgly BaP content. The composition of CTM 1 and
CTM 2, respectively, is given in Table 14.

Table 14: PAH composition of CTM 1 and CTM 2

Compound CTM 1 (mg/kg) CTM 2 (mg/kg)
Acenaphthene 2049 1270
Acenaphthylene 3190 5710
Anthracene 2524 2900
Benz[a]anthracene 2374 3340
Benzolb]fluoranthene 2097 2890
Benzolk]fluoranthene 699 1010
Benzolg,h,i]perylene 1493 2290
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Compound CTM 1 (mg/kg) CTM 2 (mg/kg)
Benzol[a]pyrene 1837 2760
Chrysene 2379 2960
Dibenz[a,h]anthracene 267 370
Dibenzofuran 1504 1810
Fluoranthene 4965 6370
Fluorene 3692 4770
Indan 1133 490
Indenol[1,2,3-cd]pyrene 1353 1990
1-Methylnaphthalene 6550 5660
2-Methylnaphthalene 11289 10700
Naphthalene 22203 32300
Phenanthrene 7640 10100
Pyrene 5092 7220

* This material is identical to the one used by \Afey et al. (1995) under the name of 'MGP'

CTM 1 was given at concentrations of 0.01, 0.03, @.3, 0.6, and 1.0 % in the diet, which

contained BaP at a concentration of 1837 mg/kgiyatgnt to dose levels of 0.029, 0.086, 0.286,
0.858, 1.742, and 2.86 mg/kg bw/d). None of theenfigd 1.0 % survived the treatment period. The
mortality rate for the mice fed 0.6 % was also ¥@lready at an early stage. Only 10 mice (21 %)
in the 0.3 % group survived to the end of the 2yte@atment, a difference that was significant
(p = 0.00006) from the control group. The survif@l the mice in the control group was 65 %. In

the 0.01, 0.03, and 0.1 % CTM 1 dose groups theéwalrate was 71, 69 and 63 %, respectively.

CTM 2, which contained BaP at a concentration d3@®wg/kg, was given at concentrations of
0.03, 0.1, and 0.3 % in the diet (equivalent toedesels of 0.143, 0.481, and 1.443 mg/kg bw/d).
Survival was significantly (p = 0.00003) lower imet0.3 % dose group (15 %) as compared to the
control group (65 %). The survival in the remainitvgp dose groups was similar to the control

group.

Both coal tar mixtures induced a dose-dependent@se in tumours at various locations, i. e. in the
liver: hepatocellular adenomas and carcinomashélang: alveolar/bronchiolar adenomas and
carcinomas, in the forestomach: squamous epithpbalillomas and carcinomas, in the small
intestine: adenocarcinomas, histiocytic sarcomad, frthermore, haemangiosarcomas in multiple
organs, and sarcomas. The incidence of CTM1-indawexburs in forestomach, lung, and liver in

female B6C3F1 mice is given in Table 15.
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Table 15: Incidence of forestomach, lung and liver tumours infemale B6C3F1 mice fed

CTM 1

Conc.infood | O 0.01 0.03 0.1 0.3 0.6 1.0

(%)

BaP 0 0.029 0.086 0.286 0.858 1.742 2.86

(mg/kg bw/d)*

Tumour site

Forestomach 0/47 (0 %) | 2/47 (4 %) 6/45 (13 % 3/47 (6 %)4/46 15/45 6/41 (15 %)
(30 %) (33 %)

Lung 2/47 (4 %) | 3/48 (6 %) 4/48 (8 %) 4/48 (8 %op7/47 25/47 21/45
(57 %) (53 %) (47 %)

Liver 0/47 (0 %) | 4/48 (8 %) 2/46 (4 %) 3/48 (6 %)13/45 1/42 (2 %) 5/43 (12 %)
(31 %)

I The values were calculated according to REACH GuiddAppendix R.8-2, Table R.8-17) for female m®:g bw, daily food
consumption: 130 g food/kg bw/d. Note: bold prirgans significantly different (p<0.05) from control

A statistically significantly increased incidencé tamours was noted at 0.3 % (equivalent to
0.858 mg BaP/kg bw/d) in:

Lung: 27147 (57 %)
Liver: 14/45 (31 %)
Forestomach: 14/46 (30 %).

Schneider et al. (2002) used the original, unpbblisraw data from Culp and co-workers (1998) in
order to establish the total number of tumour-rgpanimals at each dose level. The results for
CTM 1 can be found in Table 16.

Table 16: Number of tumour-bearing female B6C3F1 mice fed CTM 1

Conc. in 0 0.01 0.03 0.1 0.3 0.6 1.0
food (%)

BaP 0 0.029 0.086 0.286 0.858 1.742 2.86
(mg/kg
bw/d)*

No. of 5/47 (11 %) | 12/48 14/48 12/48 40/48 42/48 43/48

tumour- (25 %) (29 %) (25 %) (83 %) (88 %) (90 %)
bearing
animals

1 The values were calculated according to REACH GuidgAppendix R.8-2, Table R.8-17) for female mz®:g bw, daily food
consumption: 130 g food/kg bw/d.; Note: bold primtans significantly different (p<0.05) from control

As can be seen, the number of tumour-bearing maestatistically significantly increased already
at the lowest dose level of 0.01 %/0.029 mg BaPikél. However, the dose-response relationship
was not monotonous in the lower dose range, whaih lme explained by the fact that by the
parameter chosen (no. of tumour-bearing animalgh substance-related and spontaneous
neoplasms were counted side-by-side.
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The incidence of tumours in forestomach, lung, et observed in female B6C3F1 mice treated
with CTM2 are given in Table 17.

Table 17: Incidence of forestomach, lung, and liver tumoursn female B6C3F1 mice fed

CTM 2
Conc. in food (%) 0 0.03 0.1 0.3
BaP (mg/kg bw/d) 0 0.143 0.481 1.443
Tumour site
Forestomach 0/47 (0 %) 3/47 (6 %) 2147 (4 %) 13/44 (30 %)
Lung 2047 (4 %) 4148 (8 %) 10/48 (21 %) 23/47 (49 %)
Liver 0/47 (0 %) 7147 (15 %) 4147 (9 %) 10/45 (22 %)

1 The values were calculated according to REACH GuiddAppendix R.8-2, Table R.8-17) for female m®:g bw, daily food
consumption: 130 g food/kg bw/d.; Note: bold primtans significantly different (p<0.05) from control

Statistically significantly increased incidenceguwhours were noted for

Lung: 0.1 %: 10/48 (21 %)
Liver: 0.3 %: 10/45 (22 %)
Forestomach: 0.3 %: 13/44 (30 %).

Schneider et al. (2002) used the original, unpbblisraw data from Culp and co-workers in order
to establish the total number of tumour-bearingreaté at each dose level. The results for CTM 2
can be found in Table 18.

Table 18: Number of tumour-bearing female B6C3F1 nge fed CTM2

Conc. in food (%) 0 0.03 0.1 0.3

BaP (mg/kg bw/d} 0 0.143 0.481 1.443

Test item

No. of tumour- 5/48 (10 %) 17/48 (35 %) 23/48 (48 %) 44/48 (92 %)
bearing animals/no.

of all animals

1 The values were calculated according to REACH GuidgAppendix R.8-2, Table R.8-17) for female micg:g2bw, daily food
consumption: 130 g food/kg bw/d.; Note: bold primtans significantly different (p<0.05) from control

As can be seen, the number of tumour-bearing ma siatistically significantly increased already
at the lowest dose level of 0.03 %/0.143 mg BaBikfl.

In summary, this study with female B6C3F1 micedfeg of pure BaP resulted in an increased
incidence of papillomas and/or carcinomas of thedtmmach, oesophagus, and tongue. The coal
tar mixture diets induced a dose-related increaskepatocellular adenomas and/or carcinomas;
alveolar/bronchiolar adenomas and or carcinomasedisas papillomas and/or carcinomas of the
forestomach, adenocarcinomas in the small intestiiséocytic sarcomas, and haemangiosarcomas
in various organs.

A comparison of the results of the different fegdexperiments in female B6C3F1 mice indicated

that pure BaP induced tumours of the alimentargtta@ 5 ppm (equivalent to doses of
0.65 mg/kg bw/d), significantly at 25 ppm (equivalent to doses 08.25 mg/kg bw/d), whereas

the coal tar mixtures - in addition to forestomaadmours - also induced a significant dose-
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dependent increase in lung tumours0(481 mg BaP/kg bw/d) and liver tumoursQ.858 mg
BaP/kg bw/d).

The lowest dose levels associated with a signifigancreased tumour response in female B6C3F1
mice were identified at:

Lung: 0.481 mg/kg bw/d BaP
Liver: 0.858 mg/kg bw/d BaP
Forestomach: 0.858 mg/kg bw/d BaP

B.5.8.1.2.2 Lifetime feeding study in mice (Weyand et al., 1995chneider et al., 2002)

In another study, groups of female A/J mice (n=8f4Q) were used for a similar feeding
experiment with pure BaP and a PAH-rich manufactgas plant residue. This mouse strain was
chosen because of its sensitivity to chemical itidacof pulmonary adenomas. A negative control
group was fed the basal gel diet. In addition, a-tteated group of mice and a group dosed with
vehicle only were fed with a NIH-07 pellet diet anded as negative controls. A further group
served as positive control and was administered palP (100 mg/kg) by i.p. injection in 0.25 mL
of tricaprylin. After the last exposure day, thenaals were sacrificed and their lungs and stomach
removed for histology (Weyand et al., 1995; Scheeat al., 2002).

In this study, the test item was denominated asitN&ctured Gas Plant Residue’ (MGP). MGPs,
commonly also referred to as coal tar, are wastprbglucts formed in large quantities during coal
gasification. It is noted that the test materiadig this study was the same as the one designated
'CTM 2' by Culp and co-workers (1998, cf. above) &éme levels of the individual PAH congeners
can be found in the corresponding table above.

BaP

BaP was fed at concentrations of 16 or 98 ppm (40.856.6 g BaP/day/mouse, equivalent to
doses of 1.624 or 10.264 mg BaP/kg bw/d, respdygjive the diet. The survival rate for both
treatment groups was 25/30 and 27/30, respectilrethe control group 21/30 mice survived to the
end of the study. Increased numbers of tumourkarfdrestomach and the lung were induced after
treatment with pure BaP in feed for 260 days. Ibl&d9, the incidence of forestomach and lung
tumours is presented.

Table 19: Incidence of forestomach and lung tumours in femalé&/J mice fed pure BaP

BaP Conc. in food 0 16 ppm 98 ppm

BaP (mg/kg bw/d} 0 1.624 10.264
Tumour site

Forestomach 0/21 (0 %) | 5/25 (20 %) 27/27 (100 %)
Lung 4/21 (19 %)| 9/25 (36 %) 14/27 (52 %)

T The values were calculated according to REACH GuiddAppendix R.8-2, Table R.8-17) for female micg:g2bw, daily food
consumption: 130 g food/kg bw/d; Note: Bold printane significantly different (p<0.05) from contrdetermined by® test

MGP

MGP, which contained BaP at a concentration of 2v§fkg, was given at concentrations of 0.1 or
0.25 % in the diet (6.9 or 16.3 ug BaP/mouse/djvadgent to doses of 0.276 or 0.652 mg BaP/kg
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bw/d). The survival rate for the both treatment up® was 27/30 and 29/30, respectively.
Treatment with MGP induced development of tumoursthe lung. No local tumours in the
forestomach were noted. The effect of MGP ingestiorthe development of lung tumours is given
in Table 20.

Table 20: Incidence of lung tumours in female A/J mice fed M@

MGP Conc. infood (%) | O 0.10 0.25

BaP (mg/kg bw/d} 0 0.276 0.652
Tumour site

Lung 4/21 (19 %) 19/27 (70 %) 29/29 (100 %)

I The values were calculated according to REACH GuiddAppendix R.8-2, Table R.8-17) for female m&:g bw, daily food
consumption: 130 g food/kg bw/d; Bold print meamm#icantly different (p<0.05) from control; deteimed by’ test

In the study with female A/J mice increased numbargumours in lungs were found after
treatment with MGP (statistically significant afL0.% MGP, containing 0.276 mg BaP/kg bw/d)

in feed for 260 days. Lung tumour induction in mied pure BaP was considerably lower than for
those fed MGP diet. A diet containing pure BaP &tppm (10.264 mg/kg bw/d) produced a
statistically significant incidence of tumour-beayimice with 52 % developing lung tumours. In
the controls, 19 % showed pulmonary adenomas. figpestion of 16 or 98 ppm BaP in the diet
resulted in 20 and 100 % of the mice developingdtamach tumours, respectively. The incidence
of forestomach carcinomas in mice was 8 and 52¢%pactively. However, neither in animals fed
MGP nor in controls, forestomach tumours were found

In summary, the lowest dose level associated withgaificantly increased tumour response in
female A/J mice was identified at:

Lung: 0.276 mg BaP/kg bw/d
Forestomach: 1.642 mg BaP/kg bw/d

B.5.8.2 Carcinogenicity: inhalation

In reviews, reference to carcinogenic effects ofHR#nNtaining mixtures or pure BaP by the
inhalation route was limited to a small number tfdges. Inhalation of PAH or BaP caused lung
tumours in rats and mice and respiratory tract wisdn hamsters. Regarding the possible use for
calculating cancer risk values and for derivatib®®MELSs for the inhalation route of exposure, the
most relevant studies are presented in the follgwparagraph. The studies in rats, mice, and
hamsters were evaluated as adequate animal caateeartd were selected for further estimations.

B.5.8.2.1 Rat
B.5.8.2.1.1 Chronic inhalation study in rats (Heinrich et al., 1994)

In a chronic inhalation study, female Wistar ratsrevexposed to coal tar pitch (CTP) aerosol in
order to estimate lifetime unit lung cancer risk 8aP. A total of 5 experimental groups, each
consisting of 72 females, 7 weeks of age at the stahe experiment, were used in this inhalation
study. Two different concentrations of CTP aeragete used, 1.1 and 2.6 mg/mwhich contained

a. 0. 20 and 469 BaP/mi, respectively, resulting in cumulative doses dfailed BaP of 71 mg
BaP/nf/h (43-wk exposure), 142 mg BaP/m (86-wk exposure), 158 mg BaP/m (43-wk
exposure), and 321 mg BaP/m(86-wk exposure), respectively. The concentretiof some other
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particle-bound and gaseous PAHs, as they occunrgédei 2.6 mg CTP/m3 exposure atmosphere,
are listed in Table 21.

Table 21: Concentration of some particle-bound and gaseous P45 in the exposure chamber
containing 2.6 mg CTP aeroosol/th

PAHs and PAH-related compounds Concentration of paicle-bound Concentration of gaseous PAHS
PAHs (ug/nv) (ng/m?)

Acenaphthene 38

Acenaphthylene 9

Anthracene 11 3

Benzfa]antracene 58

BenzoR]fluorine 20

BenzoR]pyrene 46

Benzop]fluorine 23

BenzoE]phenanthrene 7

BenzoEg]pyrene 39

Benzof,h,ilfluoranthene 8

Benzof,h,iperylene 27

Benzofluoranthenes 93

Benzonaphthothiophene 12

Carbazole 6

Chrysene 59

Coronene 7

Cyclopentafl,ed]phen. 8

Cyclopentafl,efphen 1

Dibenzofurane 14

Dibenzothiophene 3 2

Fluoranthene 87 1

Fluorene 17

Indeno[L,2,3-c,dpyrene 29

Methylbiphenyl 7

Methyldibenzofurane 5

Methylfluorene 3

Perylene 11

Phenanthrene 50

Phenanthrene 13

Pyrene 67

Animals were exposed to filtered clean air or theoaols of CTP, free of any carbon black carrier
particles, for 17 hours per day, 5 days per weel @oor 20 months, followed by a clean air period
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of up to 20 or 10 months, respectively. Thus, thaltexperimental time for all groups was 30
months. The mass median aerodynamic diameter ofCi¢ aerosol was 0.5 pum (Heinrich et
al., 1994).

A clear dose-dependent increase in lung tumourdémtie was observed. Most tumours were
classified as keratinising squamous cell tumous, dso some bronchio-alveolar adenomas and
adenocarcinomas were found. No exposure-relatedutsywere observed in organs other than the
lung, however other organs were not evaluated émplasms. The incidence of lung tumours in
female rats chronically exposed to the aerosoGTd? is given in Table 22.

Table 22: Incidence of lung tumours in female Wistarats chronically exposed to CTP by

inhalation
BaP BaP (mg/kg bw/d} Exposure Post Cumulative Lung tumour
(ng/m?3) (months) exposure Exposure incidence

(months) (mg BaP/m3 x h)

0 0 0 30 0 0/72 (0 %)
20 0.0148 10 20 71 3/72 (4.2 %)
20 0.0148 20 10 142 24/72 (33.3 %)
46 0.0341 10 20 158 28/72 (38.9 %)
46 0.0341 20 10 321 70/72 (97.2 %)

1 The values were calculated according to REACH GuiddAppendix R.8-2, Table R.8-17) for female rats5 2j7bw, respiratory
rate: 200 mL/min

When compared to controls, increased mortalitysratere observed in the groups exposed to 2.6
mg/nt CTP aerosol (46 g/m® BaP) for 10 or 20 months. In particular, the anévexposed for 20
months had to be sacrificed because of the devaopof large, multiple tumours in the lung. No
lung tumours were found in control animals.

In summary, the lowest tested concentration of thd/m3 CTP containing 20 g/m*> BaP,
associated with a significantly increased tumospoase in the lung after exposure for 10 (4.2 %)
or 20 months (33.3 %) in female Wistar rats, shdddused as a point of departure/starting point
for further estimations.

The concentration of 20g BaP/ni ( 0.00002 mg/L) is equivalent to 0.0148 mg/kg bw/d.
B.5.8.2.2 Mouse
B.5.8.2.2.1 Long-term inhalation study in newborn mice (Schulteet al., 1994)

In a long-term inhalation study, newborn female NWBR mice were used to study carcinogenic
effects of PAH-rich exhausts. The use of newbormals was explained by their lower spontan-
eous lung tumour incidence and greater suscepilbdi tumour induction. Exposure started at the
first day after birth. The animals (n=40/group) ev@xposed to filtered room air or coal tar pitch
volatile aerosols (mass median aerodynamic diamieie’AD of 0.55 + 0.03 m), containing 50 or
90 g BaP/mi (0.05 or 0.09 mg/m), for 16 hours per day, 5 days per week duringeddosure
weeks. The PAH-rich exhaust was produced by pymdypreheated (80 °C) coal tar pitch under a
nitrogen atmosphere at 750-800 °C, which was thleed with fresh air and was transferred into
the exposure chambers. BaP served as the lead cachjpar standardising the exposure concentra-
tions. The animals of the control group were exddsdiltered room air (Schulte 1994).
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The number of surviving mice at termination of thgeriment was slightly lower in the PAH-rich
exhaust exposure groups [5@/m* 38/40 (95 %); 90 g/m®: 35/40 (87.5 %)] as compared to
controls [39/40 (97.5 %)], but average lifetime wasarly the same in all groups (44.2 - 44.4
weeks).

Results of the macroscopic and microscopic anabfsie lung clearly demonstrated that exposure
to PAH-rich exhausts caused a dose-dependent geiedung tumours. As in the previous study,

tumours in organs other than the lung were notstigated. Bronchiolo-alveolar adenomas were
observed in all mice exposed to 50 or ¥BaP/mi BaP (40/40 each) as compared to 5/40 in the
control group. Bronchiolar-alveolar adenocarcinorhad developed in 10/40 and in 33/40 mice

(see detailed study results in Table 23.

Table 23: Macroscopic and microscopic results of long-term gosure of female NMRI/BR
mice to PAH-rich exhausts

Exposure BaP Lung cancer | Average Number of | Number of No. of No. of
(mg/kg mortality abs. | no. of adenomas | adeno- squamous| adeno-
bw/d)* (%) nodules abs. (%) carcinomas | cell squamous

per lung abs. (%) carcin- carc .
omas
abs. (%)
0 0 0/40 0.1 5/40 0/40 0/40 0/40
(12.5)
50 g BaP/nt | 0.0768 1/40 (2.5) 24.7 40/4% 10/406" 0/40 0/40
(100) (25)
90 g BaP/n? | 0.1382 4/40 (10.0) 37.1 40/40 33/44™ (75) | 6/40 1/40 (2.5)
(100) (15)

Note: *, p<0.05; **, p<0.01; **, p<0.001 (compared controls, pair wise Fisher test).;The values were calculated making the
following assumptions for female mice: 25 g bw piestory rate: 40 mL/min.

The lowest tested concentration of PAH-enrichecheshcontaining 50g BaP/nf, associated with

a significant increase in lung adenomas and a dependent increase in malignant lung tumours
for female NMRI/BR mice exposed for 44 weeks (5k/6 h/d), should be used as a point of
departure/starting point for further estimations.

The concentration of 50y BaP/ni ( 0.00005 mg/L) is equivalent to 0.0768 mg/kg bw/d.
B.5.8.2.3 Hamster
B.5.8.2.3.1 Chronic inhalation study in hamsters (Thyssen et al 1981)

In another chronic inhalation study, groups of m&8lrian golden hamsters (n = 25-27) were
exposed by inhalation to BaP concentrations of 83, and 46.5 mg/mair for 4.5 hid,

7 days/week for the first 10 weeks, then for 3fbfdup to 2 years. Exposure was by nose breathing
only. The total average dose of BaP per animal 28s127, and 383 mg, respectively. Controls
were exposed to aerosol with 240 pg NaClain. The particle sizes were reported to be withim
respirable range: more than 99 % of the BaP pastibad diameters between 0.2 and 0.5 um, and
over 80 % were between 0.2 and 0.3 pm (Thyssein, 4981).
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The chronic inhalation study in hamsters providdsarecut evidence of a dose-response
relationship between inhaled BaP particles andina&spy tract tumourigenesis. Survival time was
significantly decreased from 96 weeks for conttol§9.5 weeks for animals in the 46.5 mijBaP
exposure group; survival times were not alteredhm other exposure groups. Respiratory tract
tumours were induced in the nasal cavity, pharyarynx, and trachea in hamsters exposed to
9.50r 46.5 mg BaP/m Exposure-related tumours were also found in tesophagus and
forestomach following exposure to 9.5 or 46.5 niffmmesumably as a consequence of mucocilliary
particle clearance and swallowing of particles)e3d tumours were papillomas, papillary polyps,
and squamous cell carcinomas. No respiratory tcamburs and no upper digestive tract tumours
were found in the controls and in animals expose?i2 mg BaP/fh

In contrast to lung tumours observed in rats andemno BaP-related tumours were found in the
lungs of hamsters. An overview of tumour incidencesamsters exposed to BaP is presented in
Table 24.

Table 24: Incidence of tumours in male Syrian golden hamsterafter long-term exposure to
BaP

Conc. (ug BaP/m) 0 2200 9500 46500

Dose level (mg
BaP/kg bw/d)*

0 0.572 2.4624 12.0528
Site of
tumour/Parameter
Nasal cavity 0/27 0/27 3/26 (12 %) 1/25 (4 %)
Larynx 0/27 0/27 8/26 (31 %) 13/25 (52 %)
Trachea 0/27 0/27 1/26 (4 %) 3/25 (12 %)
Pharynx 0/27 0/27 6/26 (23 %) 14/25 (56 %)
Oesophagus 0/27 0/27 0/26 2/25 (8 %)
Forestomach 0/27 0/27 1/26 (4 %) 1/25 (4 %)

Tumour incidence
(all tumours)

14/26 (52 %)

16/26 (68 %)

20/26 (77 %)

15/25 (60 %)

No. of tumours/tu-

11

13

1.7

2.5

mour-bearing
animal

IThe values were calculated based on mg BaP/anirtekalen from the original study report and assgraibody weight of 125 g
according to the REACH Guidance on Information Reauoéets (Appendix R.8-2, Table R.8-17) for male hamssteespiratory
rate: 120 mL/min

In male Syrian golden hamsters long-term inhalagioposure to 9.5 mg/ni BaP induced tumours

in the respiratory and the upper digestive tra¢te Tata from the highest concentration group
should not be used for further calculation sin@séhanimals had an appreciably shortened life span
(59.5 vs. 96 weeks in other groups). Therefore ctireentration of 9.5 mg BaP7rassociated with
tumour induction in the respiratory and upper digestract should be used as a point of
departure/starting point for further estimatiofspplicable.

The concentration of 9.5 mg BaP/tn 0.0095 mg/L) BaP is equivalent to 1.016 mg/kg bw/d.
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B.5.8.3 Carcinogenicity: dermal

The majority of carcinogenicity studies in laborgtcanimals to examine tumour formation
following exposure to BaP and various PAHs weredcated as skin painting studies. In various
strains of mice the ability of the PAHSs to induenlgn and malignant skin tumours after repeated
exposure to comparatively low doses was demondt(&ieafla et al., 2006).

In addition, a number of chronic animal studiesdudermal application of condensates containing
various PAH compounds. Tested condensates werenebttdrom tobacco smoking, diesel and
gasoline engine exhaust, carbon blacks, coal tdrcaal gasification derived products, etc. The
following PAHs were tumourigenic in rats and miocddwing dermal exposure: benzo[a]anthrax-
cene, benzola]pyrene, benzo[b]fluoranthene, belizmjanthene, benzo[k]fluoranthene, chrysene,
dibenz[a,h]anthracene, and indenoll,2,3-c,d]pyreféhough many studies were not conducted
according to current EU or OECD guidelines, thesadl indicate that PAHs induce skin tumours
(HCN 2006).

BaP is a potent experimental skin carcinogen, amgldften used as a positive control in bioassays
on other substances. BaP produced skin tumounsddtenal application in mice, rats, rabbits, and
guinea pigs. Mixtures of PAHs that include BaP sashcoal tar were also found to be dermal
carcinogens in experimental animals.

Dermal studies with PAHs and/or BaP were examimetléntify the most relevant animal long-

term studies. The following three studies in NMRite) one in CD-1 mice, and one in C3H/HeJ
mice were evaluated as adequate animal canceraddtavere selected for further estimations for
the dermal route of exposure. The studies seldoteghalysis also involved the application of BaP
to skin in acetone or toluene as vehicle.

B.5.8.3.1 Mouse
B.5.8.3.1.1 Dermal lifetime study in mice (Schmahl et al., 1977

The carcinogenic action of PAH mixtures predomiharibund in condensates of automobile
exhaust were studied in this study. A total of fdifferent test items was administered: pure BaP, a
mixture of known carcinogenic PAHs (‘'C PAH', indlugl BaP), a mixture of PAHs not considered
carcinogenic by the study authors ('NC PAH"), arabmbination of the latter two ('C PAH + NC
PAH").

Female NMRI mice were dermally exposed (back atedhese test items (dissolved in 0.02 mL
acetone) twice weekly for their entire lifespan.nCentrations were adjusted in a way that treated
animals of the BaP, C PAH, and C PAH + NC PAH gmoueceived 1.0, 1.7, or 3.0y BaP
(corresponding to 0.04, 0.068, or 0.12 mg BaP/kidbvegardless of the test item used. For the NC
PAH group, concentrations were used which corredgdrto the proportions (by weight) of the
respective PAHs relative to BaP as encounteredahlife exhaust gas condensates. In addition, a
concurrent control group was treated with the Viehacetone alone.

The test articles were administered to the shakedas mice until the natural death of the animals
or until the animals developed a tumour. At thetsidthe study, each dose group consisted of 100
animals, but spontaneous deaths and autolysis eddine total number of animals examined in
each group (Schmahl et al., 1977).
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Lifetime exposure of female NMRI mice to 1.0, 1land 3.0 g BaP/animal from various mixtures
produced a dose-related increase in carcinomaso#mer tumours of the skin at the site of
application. In Table 25 the findings are preseimedetail.

Table 25: Incidence of &in tumours in female NMRI mice topically administered BaP from
various matrices (cf. text)

Dose level (ug 0 1 1.7 3
BaP/animal/d)*
Dose level (mg 0 0.04 0.068 0.12
BaP/kg bw/d)*
Pure BaP
Skin carcinoma 0/81 10/77 (13 %) 25/88 (28 %) 43/81 (53 %)

Any skin tumour

1/81 (1 %)

11/77 (14 %)

25/88 (28 %)

45/81 (56 %)

C PAH

Skin carcinoma

0/81

25/81 (31 %)

53/88 (60 %)

63/90 (70 %)

Any skin tumour

1/81 (1 %)

29/81 (36 %)

57/88 (65 %)

65/90 (72 %)

NC PAH

Skin carcinoma

1/85 (1 %)

0/84

1/88 (1 %)

15/86 (17 %)

Any skin tumour

1/85 (1 %)

0/84

1/88 (1 %)

16/86 (19 %)

C PAH + NC PAH

Skin carcinoma

0/81

44189 (49 %)

54/93 (58 %)

64/93 (69 %)

Any skin tumour

0/81

46/89 (52 %)

57/93 (61 %)

65/93 (70 %)

L1t is important to note that 'per day' refers ®atment days only (treatment schedule: 2 d/wk). Beelight for female mice was
assumed to be 25 g/animal, in accordance with &G Guidance on Information Requirements (AppendB-R.Table R.8-17)

The results given in the above table show cledrt PAH mixtures containing BaP and certain
other PAHs will cause a higher incidence of neapksvhen administered at the same BaP
exposure level.

In this study, induction of local tumours was olveerat all tested concentrations. The lowest tested
concentration of 1.0 pg BaP/animal was equivale®t®4 mg BaP/kg bw/d.

B.5.8.3.1.2 Dermal lifetime study in mice (Habs et al., 1980)

In a dermal lifetime study, pure BaP was testedh w&gard to local carcinogenicity by topical
application to mouse skin. Groups of female NMRIlcenin=40) were topically administered
(2d/wk) with 1.7, 2.8, or 4.6 g BaP/animal dissolved in acetone for up to 130kse€ontrols
received the vehicle alone. The solutions wereiag@jy topical dropping to the clipped dorsal skin
in the interscapular area. Each application coredri®.02 mL. All experimental animals were
checked twice daily and the occurrence of tumotithesite of application was recorded. Animals
at an advanced stage of macroscopically clearligrative tumour growth were killed prior to their
natural death (Habs et al., 1980).

A clear dose-response relationship could be estaddi for the carcinogenic activity of pure BaP at

the site of application. Control animals did novelep tumours at the site of application. Study
results are summarised in Table 26.
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Table 26: Incidence of skin tumours in female NMRI mice topially administered with BaP

Dose level (ug BaP/animal/dj 0 1.7 2.8 4.6

Dose level (mg BaP/kg bw/d) 0 0.068 0.112 0.184

No. of tumour-bearing animals 0/35 8/34 (24 %) 24/35 (69 %) 22/36 (61 %)
Age-standardised tumour frequencies (%) 0 24.8 89.3 91.7

it is important to note that 'per day' refers ®atment days only (treatment schedule: 2 d/wk). Beeight for female mice was
assumed to be 25 g/animal, in accordance with &G Guidance on Information Requirements (AppendB-R.Table R.8-17)

The lowest tested concentration of 1y BaP/animal topically administered (2d/wk) for tapl130
weeks and associated with significant increaseaalltumours ¥ test probit analysis) in female
NMRI mice should be used as a point of departuegtisg point for further estimations.

The concentration of 1.7g BaP/animal is equivalent to 0.068 mg/kg bw/d.
B.5.8.3.1.3 Dermal lifetime study in mice (Habs et al.,, 1984)

In a third life-time study, the carcinogenicity @ndensates of different origin was examined. BaP
was used as positive control. Only results from plesitive control compared to controls were
presented in this report. Groups of female NMRIenigere treated with 2 or 49 BaP/mouse in
acetone (2 d/wk) and one solvent—treated contaalh group containing 20 animals. The individual
dose in the control group was 0.01 mL acetone. sidletions (0.01 mL) were applied by topical
dropping to the clipped dorsal skin in the intemdar area twice a week for life. All animals were
monitored twice daily and the occurrence of skimaours was recorded. Animals in an advanced
stage of macroscopically clearly invasive tumouovgh were killed, all other animals were
observed until their natural death (Habs et al84)9

Treatment was tolerated without signs of acuteutrasute toxicity. Weight development in test
compound-treated mice did not differ from that ontrols. Mean survival time was 691 (95 % CI:
600-763) days in the acetone control, 648 (440-128)s in the 2 g BaP/mouse, and 528 (480-
555) days in the 4 pg BaP/mouse groups, respegtivel

BaP was found to be clearly carcinogenic in bosiet#® concentrations. No skin tumours were seen
in vehicle controls. The carcinogenic activity o& after chronic epicutaneous application to
female NMRI mice is presented in Table 27.

Table 27: Incidence of skin tumours in female NMRI mice topially administered with BaP

Dose level (ug BaP/animal/d) 0 2 4

Dose level (mg BaP/kg bw/d) 0 0.08 0.16

No. of animals with skin carcinoma 0/20 7/20 (35 %) 17/20 (85 %)
No. of animals with skin papilloma 0/20 2/20 (10 %) 0/20

Total no. of skin tumour-bearing animals | 0/20 9/20 (45 %) 17/20 (85 %)

L1t is important to note that 'per day' refers ®atment days only (treatment schedule: 2 d/wk). Beelight for female mice was
assumed to be 25 g/animal, in accordance with &G Guidance on Information Requirements (AppendB-R.Table R.8-17)

In summary, the lowest topically administered coniaion of 2 g BaP/mouse to female NMRI

mice throughout their lifetime induced statistigadlignificant (comparing age-adjusted expected
with actually observed incidences, Peto et al.,01%kin tumours in 9/20 animals (45 %). The
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concentration of 2 g BaP/animal should be used as a point of dep#staréng point for further
estimations.

The concentration of 2g BaP/animal is equivalent to 0.08 mg/kg bw/d.
B.5.8.3.1.4 Dermal lifetime study in mice (Warshawsky and Barkey 1987)

In a further study, relative carcinogenic poten@éshree combustion products of fossil fuels and
BaP were compared in carcinogenicity mouse skiadsays (skin painting studies). The BaP group
was used as positive control. Only the resultshefgositive BaP control group in comparison to
controls were presented in this report. In the tpasicontrol group, 50 male C3H/HeJ mice were
treated twice a week with a 0.025 % BaP solution.§1 g BaP/animal delivered in 501 of
acetone) applied to the interscapular region oflthek for up to 99 weeks. The animals of the
control group were treated with 5Q of distilled acetone twice weekly. Hair from thacks of
mice was removed with electric clippers at leasi tlays before the first treatment and every two
weeks after the first treatment. During the cowfkéhe experiment animals were observed twice
daily (Warshawsky and Barkley 1987).

Male C3H/HeJ mice administered with 12.& BaP/animal for 99 weeks produced skin tumours in
48/50 mice. While in one instance a benign tumoas found, tumours were malignant in all other
cases. The mean latency period was 32.4 weekscdientration of 12.5g BaP/animal should
be used as a point of departure/starting pointuidher estimations.

Assuming a body weight of 30 g/male mouse, the eotmation of 12.5 g BaP/animal is
equivalent to 0.417 mg/kg bw/d.

B.5.8.3.1.5 Dermal lifetime study in mice with creosote (Fhl 197)

The carcinogenic potential of two coal tar oil paegtions has been examined by a dermal
carcinogenicity study performed by the Fraunhofstitute of Toxicology and Aerosol Research in

Hannover/Germany (Fhl 1997). It should be noted nioathe full study report, but only a summary

was available to the authors of this dossier, whias prepared by the RMS Sweden for their
Competent Authority Report (CAR) in the contexttloé process of including creosote into annex |
of Dir. 98/8/EC (Biocidal Products Directive, BPD).

The study followed the principles of OECD TG 451t lexaminations were restricted to the
investigation of local carcinogenicity (skin). Thésre, the list of examined endpoints was
considerably limited as compared to a long-terndegjiune study. These deviations were in general
not considered to impair the validity of the stymBrformance and the reliability of test resultshwit
respect to skin tumour formation.

However, toluene was used as vehicle in order talidde to apply sufficiently low doses and the
choice of this vehicle turned out to be problemadi it displayed strong irritant properties in the
course of the study (cf. following paras).

The 78-week dermal carcinogenicity study was cotetlevith two samples of coal tar creosote.
Creosote is a coal tar product, which is variabhleomposition and contains not only BaP as sole
carcinogenic constituent but also varying amounmtstioer PAHs and other potentially mutagenic
and carcinogenic substances. Two different creosateples were tested: creosote 1 (CTP1) and
creosote 2 (CTP 2) containing 10 and 275 mg BaR#spectively. The concentrations of BaA
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were 25 and 1190 ppm, respectively, and anothenpatrcinogen, DBAhA, was determined at 1
and 19.2 ppm, respectively. Both samples were atilutith toluene before being applied to male
[Crl:CD®-1(ICR)BR] CD-1 mice (n=62).

The animals were treated with 2% of solution twice a week over a period of 78 weekhe
solutions were applied to the interscapular skeagabout 10 % of the body surface). For the sake
of clarity, administered dose levels are given abl€ 28 and Table 29.

Table 28: Fhl dermal carcinogenicity study in mice with creoste, CTP 1 dose groups

Dose level (mg CTP 1 /animal/d) |0 0.3 1 3 9
Dose level (ug BaP/animal/dj 0 0.003 0.01 0.03 0.09
Dose level (mg BaP/kg bw/d) 0 0.0001 0.0003 0.001 0.003

1t is important to note that 'per day' refers atment days only (treatment schedule: 2 d/wk). Bedight for male mice was
assumed to be 30 g/animal, in accordance with E#&@ Guidance on Information Requirements (AppendB-R.Table R.8-17)

Table 29: Fhl dermal carcinogenicity study in mice with creoste, CTP 2 dose groups

Dose level (mg CTP 20 0.1 0.3 1 3 9
fanimal/d) *

Dose level (ug BaP/animal/dj |0 0.027 0.08 0.27 0.8 2.4
Dose level (mg BaP/kg bw/d) |0 0.0009 0.0027 0.009 0.027 0.08

it is important to note that 'per day' refers ®atment days only (treatment schedule: 2 d/wk). Beeight for female mice was
assumed to be 25 g/animal, in accordance with &G Guidance on Information Requirements (AppendB-R.Table R.8-17)

A positive control group receiving 7.5 BaP/treatment dissolved in 25k toluene (equivalent to
0.25 mg BaP/kg bw/d) was run concurrently.

Mean lifespan was significantly reduced in aninmedated with the highest CTP 1 dose (447 days)
and with the three highest dose levels of CTP 2,407, 252 days, respectively) when compared
with the negative control group (483 days). Thehbgg CTP 2 dose group was terminated at 39
weeks (274 days) in view of the high death rate e comment to the above table).

The following non-neoplastic local effects were eved: Treatment-related inflammatory changes
of the skin were observed in all groups and coedisither of slight to severe ulcerative dermatitis
(ulceration) or superficial purulent dermatitis,icdigymal erosion and inclusion cysts. More than
70 % of the solvent control and oil-treatment angmsuffered from dermatitis. In the solvent

control group, ulcerative dermatitis was noted 762 mice, purulent dermatitis in 25/62 mice, and
skin erosion in 9/62 mice. In all CTP 1 dose groupe frequency of ulcerative dermatitis was
comparable to that of the negative control group/@2, 23/62, 21/62, 28/62, and 31/62 mice in
controls, 0.3, 1, 3 and 9 mg dose groups, respglivihe incidence of epidermal hyperplasia
without cellular atypia occurred in almost all bketsolvent control and all CTP1 treated groups in
dose-related grade from very slight to severe.

The following pre-neoplastic lesions were notede Tihcidence of epidermal hyperplasia with
cellular atypia occurred incidentally in the solveontrol (1/62) and CTP 1 groups (1/62 and 2/62
at 3 and 9 mg, respectively), but to a significahilgher extent in the CTP 2 treated groups (3 mg:
11/62; 9 mg: 13/62) in moderate to severe gradesduMs (‘apparent papillomas’) were
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macroscopically identified in CTP 1 groups (1/6262 and 4/62 in the 1, 3, and 9 mg group,
respectively). No statistical significance was aixtd for this change.

Treatment with CPT1 and CPT2 resulted in neoplasfiects as squamous cell carcinomas and
papillomas at the site of application. Other orgamese not examined by microscopy. In the CPT 1
groups no skin tumours were seen at 1 mg and 3 nmghveorresponded to the application of 0.01
and 0.03ng BaP. At 3 mg (0.08gy BaP) one solitary squamous cell carcinoma wasrabd, two
solitary squamous cell papillomas in the 9 mg (@9BaP) group. However, those incidences
were not statistically different from the contratogp. In the 3 and 9 mg dose groups, mean life
span was not statistically significantly lower (4ddys) than in the untreated control group (494
days).

In the CPT 2 groups, a dose-related, statistictipificant (p < 0.05) increase in tumour rate was
found. An increased incidence of squamous cell siiginomas occurred after treatment with 3 mg
(0.8 ng BaP) and above, skin papillomas were noted frommdl (0.27 ng BaP) and multiple
papillomas were observed at the highest dose ofg9(2m ng BaP). The mean life span was
significantly decreased after treatment with 1 gng and 9 mg CPT 2 from 494 days in the
control to 444, 407, and 252 days, respectively.

In the BaP positive control group, a high numberanofmals carrying squamous papillomas or
carcinomas was observed (32/62 with malignant sguancell carcinoma and 27/62 with benign
squamous cell papillomas). Only in this group, &ddal skin tumour types were detected (basal
cell carcinoma, benign basal cell tumour, sebacerausinoma, sebaceous adenoma, malignant
fibrous histiocytoma and malignant Schwannoma).

An overview of the results from the dermal carcimigity study in mice using the two coal tar oil
preparations and the BaP positive control groupven in Table 30.

Table 30: Results from the dermal carcinogenicity study in CB1 male mice using BaP and
two coal tar oil preparations CTP1 and CTP2

Test item Ctrl |Ctrl |BaP CTP1 CTP2
1 2
Dose level mg test 0 0 0.00750.3 1 3 9 0.1 0.3 1 3 9
item/animal/d
Dose level 0 0 0.25 | 0.00010.0003/0.001|0.003|0.027|0.08 | 0.27 | 0.8 2.4

(ug BaP/kg bw/d)

No. of tumour-bearing | 1° 0 47/62 | 0/62 | 0/62 | 1/62 2/62 1/62 3/6R 9/62 23/62!
animals

Lterminated after 274 days because of skin ulcersitfoskin tumour considered atypical of PAH by the stadyhors (cavernous
haemangioma)

Overall, the study showed a dose-dependent stafistisignificant (p < 0.05) increase in the
number of animals with skin tumours after CTP atmeent, while for CTP 1, such a relationship
could not be established, putatively due to thg \@v doses of BaP administered.

B.5.8.4 Carcinogenicity: human data

Evidence that mixtures of PAHs are carcinogenibumans is primarily derived from occupational
studies of workers following inhalation and derneadposure. No data were located regarding
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cancer in humans following inhalation of individuBAH compounds. Exposure of humans to
PAHSs is characterised by a mixture of these comg@gsamd other substances in either occupational
or environmental situations. Therefore, it is diffit to ascertain the carcinogenicity of a single
PAH component or a given mixture of PAHs, as preshignamplification of carcinogenicity may
have occurred through the presence of other cageimo substances in the mixtures. In addition,
PAH levels were not quantified in most reports andfounding factors such as smoking may have
contributed to the effects, but were not adequatelysidered. For human oral exposure to single
PAHs or PAH mixtures in humans no adequate longr&udies are available.

There is a large body of epidemiological studiePAH-exposed workers, especially in coke ovens
and aluminium smelters supporting a clear exceskirad cancer, and highly suggestive of an
excess of bladder cancer. Skin cancer in man isknelvn to have occurred following exposure to
poorly refined lubricating and cutting oils.

The epidemiological studies include cohort and «asdrol studies with various PAH-rich sources.
Exposure—response relationships for occupationddl BRposure and cancer in humans have been
reviewed by several working groups of the IARC @0)0he US EPA (1984), the WHO (1987,
1998, 2000, and 2003), and by the UK Health anétd&ixecutive (HSE, Armstrong et al., 2003).
Several additional studies have been published $&ong et al., 1994, 2004, 2009; Boffetta et al.,
1997; Bosetti et al., 2007; Costantino et al., 199astrangelo et al., 1996; Moolgavkar et al.,
1998). All of them confirm that heavy occupatiore{posure to mixtures of PAHs entails a
substantial risk of lung, skin, or bladder cand@aP has been chosen as a lead compound for
carcinogenic PAHSs, although the limitations andestainties of the approach were recognised. The
epidemiological data relevant for this report armmarised in the following section.

In the 1980s, the IARC reviewed numerous epidergiold studies on PAH-exposed workers
whose occupational exposure was assessed on tseobage of employment or industrial process
involved. Given the long latency between first esqp@ and cancer, these workers were exposed
mainly during the first half of the century, wheata on industrial hygiene were scarce. A definite
risk of cancer was found in workers employed in to&e (lung cancer), aluminium (lung and
bladder cancer), and steel industries (lung canedrich were subsequently considered Group 1
carcinogens along with coal tar pitch, untreated anldly treated mineral oils, and soot. On the
other hand, inconsistencies between studies, lackrmrol of confounding factors, potential bias,
and uncertainty regarding a dose-response reldiionzecluded any definitive conclusions for
other occupational settings: roofers and asphatkers, mechanics exposed to engine exhaust, bus
and truck drivers, railroad workers, and excavagmrators exposed to diesel exhaust in mines and
tunnels (IARC 1983, 1984, 1985, and 1989).

An increased risk of lung cancer among coke-ovemkers was used for the quantitative risk
assessment of PAHs with BaP as the lead substarnice Air Quality Guidelines for Europe (WHO
1987, 2000). According to WHO (1987), a stronglgraased risk of death from cancer of the
respiratory system had been demonstrated amongeveodt coke ovens in Allegheny County,
Pennsylvania, USA, for 1953-1970, especially inaopn workers (relative risk [RR] = 6.6-15.7
for 300 topside, full-time workers, divided intofférent categories according to the years of
exposure). WHO (1987) further refers to a risk assent by the US EPA in 1984 which applied a
linearised multistage mathematical model to theviddal exposure estimates, thereby generating
an upper-bound risk estimate expressed in termisenkene-extractable material. The US EPA
estimate was converted in terms of BaP levels byragg a 0.71 % content of BaP in the benzene
extract, thus estimating the lung cancer risk frarfifetime exposure to PAHs in ambient air at
8.7 x 10° per ng BaP/fmBaP (WHO 1987, 2000).
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A well-performed meta-analysis study on lung anadber cancer risk following PAH-exposure
and funded by the UK HSE (Armstrong 2003, 2004) paxsormed based on published reports, in
which relationships between occupational PAH expmsund lung and bladder cancer was studied
guantitatively. All exposures concerned airborneHBAemitted from incomplete combustion of
organic matter. Risk estimates on lung and bladdecer were determined because of the clear
positive or at least highly suggestive associatietween these cancers and occupational PAH
exposure.

The analysis included only studies which did meetain criteria, i. e.:
original epidemiological studies of occupationgbesgure by inhalation,

studies on workplaces in which PAHs were consider®dhe predominant carcinogens (this
means exclusion of rubber industry, diesel exhdoshdries and part of steel works),

studies in which misclassification of exposure wassidered unlikely, and
only the most recently reported results from theeaorkforce reported in several papers.

The meta-analysis included 39 occupational coh@&scohorts, 1 case-cohort and 3 nested case-
control samples from within a cohort) exposed taHBAor which risk estimates for lung cancer
could be estimated and 27 cohorts for which riskrees were published for bladder cancer.

The underlying studies, however, showed a subsiawdiriation in exposure definition, ranging
from no explicit definition to quantitative assessihof exposure to BaP. Exposure was measured
as BaP, as a proxy (benzene soluble matter, BSisl; R&\H; carbon black) that could be converted
to BaP, or no measure of exposure was providedthieostudies lacking information on exposure,
the authors defined supplementary estimates foosxe to BaP for each industry/workgroup
combination, based on available published exposstienates in the same industries. Furthermore,
the exposure variables were converted to cumulai@osure (duration x time-weighted mean
concentration), if necessary. Where risk by cunnvga¢xposure was not published, it was derived
as the product of mean estimated concentrationxpbsure in each group for which risk was
reported and the mean duration of exposure ingtatp. In the absence of information on duration
of exposure, 20 years were assumed, representexg@vbrage found in studies for which the
duration was reported. Concerning studies with datiue exposure, the mean cumulative
exposure in each group or the midpoint of intewals chosen as an estimate for the average
cumulative BaP exposure. Overall, the cumulativeosyre in the highest exposure groups ranged
across three orders of magnitude, from 0.75 to 80BaP /m years ( average air concentration of
0.04 to 40 g/m® BaP).

The unit relative risk (URR) was estimated for eattidy for a benchmark exposure level of 160
BaP/n? years, in which 100g/m® BaP years corresponds to a concentration of @ BaP/ni over

40 years. The authors had chosen this benchmagk dexh that it was within the exposure ranges
of the studies included in the meta-analyses. Goinug data on effects, the authors preferred
mortality outcomes over morbidity outcomes withisame study. Furthermore, other preferences
were formulated, such as smoking-adjusted data wwvadjusted data. The URR was estimated by
fitting an exposure-risk model to the data with 93on regression. For determining URR two
models were used: the log-linear relative risk nho@exponential) as normally used in
epidemiological studies and meta-analyses [RR=gxpi)] and the linear relative risk model
(RR)=1+hx), where %" is the cumulative exposure g/m’-years) and “b” is the slope of the
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exposure-risk relationship. Meta-regression wadieghpo assess the impact of study characteristics
on the final risk estimate.

Lung cancer

The RR for lung cancer, predicted at 1Gfim® BaP years from the log-linear models, ranged from
0 to over 1000 among the studies, with standamr&manging between 0.02 and 1000. This is a
substantial variation in precision, which is wetp&ined by variations in the degree of exposure in
the studies (some studies have only low expos@amd)oy variations in size of cohort populations
and duration of follow-up. The overall mean URR1020 (95 % CI, 1.11-1.29) per unit of 100

g/m® x year cumulative BaP exposure was calculatetufay cancer. This implies that the risk for
lung cancer was 20 % higher in workers exposeddanaulative 100 g BaP/ni x year. In a meta-
analysis, it is common practice to investigate \Wwhetthe data from the studies included are
sufficiently in agreement with each other by tegtior heterogeneity. A statistically significant
heterogeneity in URR between the individual studies observed, indicating that some studies
(mainly the smallest, i.e. least precise studieg) teviating estimates. However, meta-regression
analysis revealed that the URR for coke ovenswgags and aluminium smelters were consistent
and relatively precisely estimated (combined URR71.95% CI. 1.12-1.22). For other
characteristics (such as study design, region pe t9f exposure measurement, duration, dust
exposure, smoking habits) no statistically sigaificheterogeneity was detected. However, whether
the differences between industries are caused bypcehor by true unknown variations is not
exactly known, because scientific data that repods the presence of true variations was not
available or insufficient to draw conclusions.

In summary, lung cancer risk at other exposureseagstimated from URR under log-linear model
assumptions: URBm exp & [URRcum exp 100 %% In the UK, the lifetime lung cancer risk in males
from the general population is 8 % (year 1997).sTiieans a lifetime excess risk of 1.9%10r
coke oven workers (URR 1.17), who were exposedo ¢/m® BaP for 40 years (8 cases among
1000 coke oven workers).

Bladder cancer

There were 27 cohorts for which risk estimates vpertdished for bladder cancer. The overall mean
URR for bladder cancer was calculated as 1.33 (98R61.16-1.52), with no statistically
significant variation by industry or other putatideterminants. Although the results support a
PAH-bladder cancer association, this finding was lebust than that for lung cancer. The causal
relationship between PAH exposure and bladder camas considered weak for several reasons.
Firstly, in epidemiological studies less cases laflder (and renal) cancer than lung cancer were
reported. This limits the power of the analysis aesults in a less precise estimate than for the
estimates for lung cancer. Secondly, bladder canmuatality in the general population is much
lower than for lung cancer. Thirdly, it cannot becleded that bladder cancer is induced by other
substances (not PAHSs), which are suspected to Ieeifisp bladder carcinogens (e.g., 2-
naphthylamine), and are found in the types of itmtes under investigation. The investigators
estimated that the number of expected bladder caases after 40 years of occupational exposure
to 1.5 g/m’ corresponds to 3.3 cases among 1000 coke-overevgork

In addition, uncertainties as to the exposure-nespaelationship were discussed in more detail.
The authors concluded that the results for cokasvgasworks, and aluminium production are

relatively well supported by others, although ptitdrbiases should be considered. These biases
include: smoking, which was uncontrolled in mostdés; other occupational exposures, although
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the authors excluded studies in which PAHs werggddunlikely to be the predominant carcinogen
(except dust); and inaccurate exposure measuregstmtates (uncertainty in past exposure).

Overall, the meta-analysis supports the conclusioihgrevious reviews that lung cancer and
bladder cancer are associated with PAH exposurea¥@nage, relative risk predicted for lung
cancer at 100 mg/fBaP years (URR) was 1.20 (95 %Cl:1.11-1.29), bist waried significantly
across industries. Coke ovens (1.17; Cl:1.12-1.ga@3works (1.15; CI:1.11-1.20), and aluminium
production (1.16; Cl:1.05-1.28) were slightly low#wan the mean, and asphalt (17.50; Cl:4.21-
72.78) and chimney sweeping (16.2; Cl:1.64-160.&j)enmuch higher but imprecisely estimated.
There was also an association of PAHs with bladdecer (mean URR=1.33; 95 %CI. 1.16-1.52,
no significant heterogeneity), but this finding wass robust than that for PAH-lung cancer, being
largely dependent on two studies of aluminium pobidm workers. The overall URR represents
risk at fairly common exposures historically, bighhfor today. Risks at other exposure levels can
be estimated from URR under (loglinear) model aggtions: e.g. at 1 mg/imBaP for 40 years,
cumulative exposure is 40 mgimBaP years, and the average lung cancer risk is
1.20(40/100)=1.076.

In a continuative study, the exposure—responsediftmassociating PAH exposure and lung cancer,
with consideration of smoking, was estimated. Miaxtaoccupational exposure and smoking
histories were ascertained for a cohort of 1643k@es (15703 men and 728 women) who had
worked in one of four aluminium smelters in Quelien 1950 to 1999. A variety of exposure—
response functions were fitted to the cohort datagugeneralised relative risk models. In 677 lung
cancer cases there was a clear trend of increasikgith increasing cumulative exposure to PAH
measured as BaP. A linear model predicted a relaisk of 1.35 (95 % CI 1.22 to 1.51) at
100 mg/n® BaP years, but there was a significant departtom flinearity in the direction of
decreasing slope with increasing exposures. Ambegriodels tried, the best fitting were a two-
knot cubic spline and a power curve (RR= (1-hxhe latter predicting a relative risk of 2.68 at
100 mg/n® BaP years. Additive and multiplicative models émmbining risks from occupational
PAHs and smoking fitted almost equally well, witsleght advantage to the additive.

Despite the large cohort with a long follow-up, 8t&pe of the exposure-response function and the
mode of combination of risks due to occupationaHBAnd smoking remain uncertain. If a linear
exposure—response function is assumed, the estinsédpe is broadly in line with the estimate
from a previous follow-up of the same cohort anchewhat higher than the average found in a
recent meta-analysis of BaP exposed populatioasvariety of industries (Armstrong et al., 2009).

In a former study by Armstrong and co-workers (1)9%e quantitative lung cancer risk for

aluminium production workers from a large cohotdst in Quebec, Canada was estimated. The
follow-up period started in 1950 and continued tigio 1988. The study was performed in one plant
that used two types of pots to melt aluminium, nigns&derberg and prebake pots. In particular in
the Sdderberg process high amounts of coal tah pibtatiles are emitted in the air. The workers

were exposed to substantial quantities of coapitah volatiles, expressed as cumulative exposure
to BSM or BaP. In the study 338 lung cancer casels1d.38 controls from about 16000 subjects
who had worked in an aluminium refinery plant foreast one year during the period 1950-1979
were selected. Exposure to BSM or BaP in theseestshyvas estimated by the industrial hygienists
of the factory by integrating jobs with historicéd year) average PAH levels; exposure was
estimated on the basis of sparse measurementsccaut from 1970. Cumulative exposure was the
sum of products (years of exposure per PAH levedach job. Reference workers were exposed to
less than 1 mg/fhx years of BSM, or less than 1@/m® x years of BaP. In this study, a 50 %

increase in the risk of lung cancer was demonstrargth a cumulative exposure to BaP as
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indicator substance at levels of 10-1@@m® x years (equivalent to an exposure to 0.25—g/&
BaP for 40 years). Two mathematical models, linead nonlinear, were fitted to the data.
According to the mathematical model expressing abgociation between lung cancer risk and
cumulative BSM exposure, after controlling for #féect of smoking, the risk in a subject exposed
for 40 years to 0.2 mgffrof BSM is 1.25 (linear model) or 1.42 (nonlineandel), with respect to
non-exposed subjects. It was concluded that thesxp to PAHS in an aluminium production
plant gave a quantitative risk estimate of 1 X J&r ng BaP/mas workplace exposure for 40
years. If converted to lifetime continuous exposuttee corresponding lifetime unit risk for
respiratory cancer would be approximately 9 °X@r ng/ni (70/40 years x 365/220 days x 24/8
hr). This risk figure is identical to the WHO risktimate for coke oven workers.

An update of the WHO cohort data and the mortalitpong other coke-oven workers in
Pennsylvania, USA, providing 30 years of follow-ums been presented by Costantino et al.
(1995). The cause-specific mortality patterns ab targe steelworker cohorts, called the Allegheny
County and the non-Allegheny County cohort (a tofal5818 workers), were studied. The lung
cancer mortality in 5321 coke workers was compavétl that in 10497 non-coke workers in a
large steel company. The workers were grouped timee exposure categories: 3.15 myfior
topside (i. e. workplace at the top of the oveti}time jobs, 1.99 mg/rhfor topside part-time jobs,
and 0.88 mg/rfor side jobs. During the follow-up mortality wasgistered. No information on
smoking habits concentrations was available. Tealt® presented in this review were consistent
with the findings reported from previous updatesboth the Allegheny County and the non-
Allegheny County cohorts. Occupational exposuredi&e oven emissions was associated with
excess mortality from cancer of the respiratoryteays The non-exposed group included subjects
with cumulative BSM exposure equal to 0. For oudrtalg cancer, the RR value was estimated at
1.95; 95 % ClI, 1.6-2.3.

In a further study, the unit risk for lung cancaredto exposure to coke oven emissions was
estimated based on information on the cohorts destby Costantino et al. (1995). The data from
the non-Allegheny County non-white cohort were gs@dl, using standard techniques of survival
analysis and the two-mutation expansion model oficagenesis. Results of analyses of the coke
oven cohorts using this approach are consistertt wie conclusions of earlier analyses that
emissions from coke ovens are associated with asei risk of lung cancer. The best estimate for
unit risk for lung cancer at 70 years of age fontcwous exposure to coke oven emissions at a
concentration of 1 g/m® starting at birth was 1.5 x T@exponential dose-response model without
birth cohort effects, adjusted for competing causemortality; 95 % confidence interval, = 1.2-
1.8 x 10%) (Moolgavkar et al., 1998).

As a result of extensive research of epidemioldgitadies (1991-1996) 10 epidemiological studies
(2 cohort studies; 2 case-cohort studies, 2 caggalcstudies nested in cohorts, and 4 hospital- or
population-based case-control studies) reportimgctievidence of the carcinogenic effects of
PAHSs in occupationally exposed subjects were sadefctr the cancer risk estimation. Risks of lung
and bladder cancer were dose dependent when PAlHs mveasured quantitatively and truly
nonexposed groups were chosen for comparison. dte@acluded that the more accurate recent
studies, which reveal an increase in lung and adaéncer with the occupational exposure to
PAHs, support the earlier findings provided by tpgalitative job title-based epidemiological
studies. It was further suggested that the threstiolit value of 0.2 mg/rh of BSM (which
indicates PAH exposure) is unacceptable becauts, 40 years of exposure, it involves a RR of
1.2-1.4 for lung cancer and 2.2 for bladder cag@kstrangelo et al., 1996).
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In a further review, several industries and occopatwere included of which data were published
before 1997 (Boffetta et al., 1997). Heavy exposarBAHs entails a substantial risk for lung, skin
and bladder cancer, which is not likely to be duether carcinogenic exposure present in the same
industries. The major target organ of PAH carcimagiey was found to be the lung. The increased
risk for lung cancer was present in most industaied occupations (aluminium production, coal
gasification, coke production, iron and steel fouesl tar distillation, shale oil extraction, wood
impregnation, roofing, road paving, carbon blacidurction, carbon electrode production, chimney
sweeping, and calcium carbide production). An iasegl risk for skin cancer was related to high
dermal exposure. However, increased risk for bladcEncer was less consistent; positive
associations were mainly found in industries wheoekers were exposed to coal tars and coal tar
pitch volatiles (e.g., aluminium production, coakdgication and tar distillation).

In another, recent review, the results from cobtrties conducted on workers exposed to PAHs in
several industries, including those of the alunmmiproduction, coal gasification, coke production,
iron and steel foundries, coal tar and related petsj carbon black and carbon electrodes
production, were evaluated, with a focus on canoétbie respiratory and urinary tract (Bosetti et
al.,, 2007). The main results from cohort studiemdemted on workers from PAH-related
occupations, with emphasis on study results regateer the review by Boffetta et al. (1997) were
described. An excess risk of lung/respiratory camees found in most of the examined industries,
whereas the pooled relative risk (RR) for workersoal gasification was extensively increased.
The evidence for cancer of the bladder and of tiveaty system is less consistent, with a modest
increase in risk only for workers of aluminium puation, coal gasification, iron and steel
foundries.

B.5.8.5 Other relevant information

The production and use of toxic chemicals poserpiaity significant environmental threats to the

health of consumers, and especially of childrerwide range of chemicals can affect children’s

health, but one chemical class is of particularceon - PAHs. Chemicals with a DNA-damaging

mode of action may cause cancer already duringlfebdd, if the children themselves, or their

mothers during pregnancy, suffer from sufficientiyense or prolonged exposure. Infants are at
particular risk because mouthing or play behaviaur lead to the ingestion of toxic chemicals that
accumulate on surfaces (e.g. toys) or in soil.

The younger child and toddler are susceptible tonde exposure. It is prudent to regard any
exposure to such substances as potentially caremoagWhether children are likely to be more or
less susceptible than adults to such chemicalgketylto depend on how a given chemical is
absorbed, distributed in the body, and metabolisgaunger versus older individuals, at exposure
levels encountered by children and pregnant worNeni gt al., 2006).

Therefore, the focus in the following section wag pn the question whether children are more
susceptible to carcinogens than adults and on hdren differ from adults in their susceptibility
to chemical exposure.

B.5.8.5.1 Relative susceptibility to carcinogens of childrervs. adults

There is currently international scientific conagnshat children might represent a vulnerable sub-
population with respect to potentially adverse @Bef chemical substances.
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Toxic response in infants and children can diffarkedly from that seen in adults, both in severity
and in the nature of the adverse effects (EPA, 12968; Schneider et al., 2002; APUG, 2004;
IPCS, 2006). Potential differences in inherent dgatal susceptibility as well as in exposure to
environmental chemicals might have the consequéhat a child will experience risks from
exposure to chemicals differently compared to amltadvhich are further explained below
(Charnley and Putzrath, 2001).

Probable higher susceptibility of children mightchee to the fact that
children are in a dynamic state of growth,

children have more time to develop diseases witly latency, more years of life to be lost and
more suffering to endure as a result of impairealthgIPCS, 2006).

Publications on this topic by various institutiofesg. IPCS, EPA) put forward the theory that
children might be particularly vulnerable to a ldaange of agents of environmental pollution and
that exposure to carcinogens early in life canltesuthe development of cancer (Anderson et al.,
2000).

Due to differences in the age-related behaviowhdtiren, which determines exposure, and due to
age-related physiological differences, which midmve an impact on toxicokinetics and
toxicodynamics of a compound, these factors (eil@ne or in combination) can form the basis for
differences in sensitivities towards certain torisaduring different life stages.

Developmental stages are defined as temporal mitenwith distinct anatomical, physiological,
behavioural, or functional characteristics thattdbnte to potential differences in vulnerability t
environmental exposure. The following differentggs in human development were distinguished:

Table 31: Definitions for stages in human developnm (IPCS, 2006)

Developmental stage/event Time period

Preconception Prefertilisation

Preimplantation embryo Conception to implantation

Postimplantation embryo Implantation to 8 weekpregnancy

Fetus 8 weeks of pregnancy to birth

Preterm birth 24-37 weeks of pregnancy

Normal-term birth 40 + 2 weeks of pregnancy

Perinatal stage 29 weeks of pregnancy to 7 dags kiftth

Neonate Birth to 28 days of age

Infant 28 days of age to 1 year

Child

- Young child 1-4 years of age

- Toddler 2-3 years of age

- Older child 5-12 years of age

Adolescent Beginning with the appearance of seagndsexual characteristics to
achievement of full maturity (usually 12—18 yeafsaige)
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B.5.8.5.1.1 Vulnerability of children to harmful compounds

There is extensive literature demonstrating conedwut the particular vulnerability of infants and
children to environmental exposure, particularlycemcinogens (Thomas, 1995; EPA, 1996, 1998;
Buffler and Kyle, 1999; Anderson et al., 2000; Gtay and Putzrath, 2001; Ginsberg, 2003; Wild
and Kleinjans, 2003; Barton, 2005; Hattis et aDp%2 Whyatt, 2006); further, vulnerability of
infants and children might be different for dististages of development.

The timing of exposure to chemicals is critical foe development of effects (either in childhood
age or later in development). Because of the diffewindows of susceptibility, the same dose of
the same chemical during different periods of dewelent can have very different consequences.
The postulated increased vulnerability of childmvolves many factors, which can be grouped into
the following broad areas (Wild and Kleinjans, 203

Children are exposed to relatively higher exogeraages of environmental toxins, i.e., intakes
are increased as compared to adults, which cattrideuged both to lifestyle and physiology.

A child’s response to a hazardous substance iertkizgonment can differ from that of an adult
for a number of physiological reasons, related ifernces in disposition, bioavailability,
toxicokinetics, and toxicodynamics.

If exposure begins in childhood, there is a greldtelihood that exposure becomes chronic, and
further, that adverse health effects become maniéeen for those with a long latency period
such as cancer.

In the following section, the major differencessasceptibility of children compared to chemical
exposure to adults are reviewed.

B.5.8.5.1.2 Age-related differences in exposure and in susceptiity to hazardous compounds

Children are not 'little adults'. Profound diffeceis exist between children and adults.

The most distinguishing characteristic between taduh the one side and infants and children on
the other is that the latter grow and develop. ddht systems and organs develop at different rates
and at different stages of development. The mei@bates of children and infants are higher
compared to those of adults. From conception throwglolescence, rapid growth and
developmental processes occur that can be disripgtedposures to environmental chemicals. The
developing organism experiences many complex, iated events involving the regulation of cell
growth, differentiation, and morphogenesis. Chetljigaduced disturbances or interferences of
those events (e.g. through mutation, altered nsifasicleic acid biosynthesis, membrane function,
enzyme function, or energy sources) can have &ignif adverse impacts on development
(Faustman et al., 2000; Thomas, 1995; Wilson, 1977)

Thus, children might be more susceptible to chelmithan adults due to rapid growth and
development as well as anatomical and physiologindl metabolic changes in various organs and
biological systems, and also in behavioural diffiees during childhood (Armstrong et al., 2002;
Scheuplein et al., 2002; Schneider et al., 2002).

The three main aspects of differences betweenreildnd adults with respect to adverse affects of
compounds, i. e.
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age-related differences in exposure
differences in toxikokinetics (absorption, disttilmn, metabolism, excretion), and
differences in susceptibility of development of can

will be discussed subsequently.

Age-related differences in exposure

Children can be more susceptible to chemicals Htuits due to different patterns of activity and
behaviour in the different age groups. For thasoea children can also not be regarded as a
homogeneous group; rather, they are exposed tmydartharmful substances to differing degrees
throughout their development.

Compared to adults, children have particular pagtswand scenarios of exposure (e.g., breast milk
ingestion, hand-to-mouth behaviour, time spent emtihdoor). Exposure can occum utero
through transplacental transfer of environmentanag from mother to foetus or in nursing infants
via breast milk. Because of differences in phygglobehaviour, body weight, and body surface
area, the exposure levels in children may be diffefrom and — dependent on compound-specific
characteristics - often higher than in adults. mtdaand children differ from adults in their expesu
both qualitatively and quantitatively, in part besa they eat more food, drink more water, and
breathe more air per unit of body weight than addtt (Roberts, 1992).

Furthermore, an increased possibility and frequesfcghemical exposure of infants and children
might be due to certain particularities in behavj@ug., hand-to-mouth activity and crawling on the
ground (Carroquino et al., 1998). In this contdkg various age- and development-dependent
activity and behaviour patterns are of prime imaoce.

Children have different nutritional patterns thatulés and this can also influence exposure. For
instance, children may consume more milk and otlaéry products on a daily basis than adults,
and their dietary patterns are different and oléss variable during different developmental stages
At the extreme, during early infancy, children nsajely ingest breast milk or artificial milk dilude
with drinking water (Wild and Kleinjans, 2003; IPCZ)06).

Additional particularities refer to an often intéres dermal exposure due to playing behaviour,
differences in food composition (breast milk, bdbgd) and handling child-specific objects (toys
etc.) (Schneider et al., 2002).

Parental exposure before conception may also affeeith outcomes during later stages of
development of the progeny. Adverse health effedy be detected during the same life stage as
the exposure is occurring, or they may be exprelsgedin life (IPCS, 2006).

Differences in toxicokinetics (absorption, distrilmm, metabolism, excretion)

Children present unique biological characterisfeeg. volumes of the organs, degree of enzymatic
maturation, body composition...) which may affect ttexicokinetics and the toxicodynamic
behaviour of substances (IPCS, 2006).
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This section concentrates on differences in toxiuetics, as specific data demonstrating
differences in toxicodynamics of PAHSs in childrenampared to adults were not available.

Absorption

A number of physiological changes during childhaaoh affect absorption of exogenous agents.
There is sufficient evidence to indicate that apgson of environmental toxins will differ with age
and development (Benedetti and Baltes, 2003).

Absorption from the stomach may be affected byrgapt. Practically neutral at birth, the gastric
pH falls to about 1-3 within the 24 h following thirand then gradually returns to neutrality by day
8. It slowly declines again thereafter (e.g. pH-3 Dy the age of 2-3 years) to reach adult values.
By the age of 3 years the amount of gastric acated®d per kilogram of body weight is similar to
that excreted in adults (Stewart and Hampton, 1987)

Absorption by inhalation is relatively higher thiammadults due to the fact that the respiratory rt@nu
volume per kg of body weight is on average twichigh, which means that the same concentration
in the ambient air (indoor and outdoor air) willoduce a higher inhaled dose relative to body
weight and consequently a higher internal concéatrggiven a comparable concentration of a
toxin in the inspired air). Further factors incriegsinhalation uptake in children might be explaine
by a higher body surface area to body weight ratigher activity patterns, immaturity of the lungs
and the immune system (Schneider et al., 2002).

Dermal absorption may be increased in the childwbom the surface area relative to the body
weight is larger than in the adult, and particylan neonates and infants where reduced epidermal
and stratum corneum thickness also results in rafiirgient absorption by this route. Further the
larger relative surface area of children means logly heat loss will be more rapid, requiring a
higher rate of metabolism (Routledge, 1994; WHOeper 2005; APUG, 2004).

Distribution

A number of physiological changes during childhaaah affect disposition of exogenous agents.
There is sufficient evidence to indicate that tistrdbution of environmental toxins will differ vt
age and development (Benedetti and Baltes, 2008Y. fidctors explaining differences in drug
distribution between children and adults are memdrgermeability, plasma protein concentration
and plasma protein characteristics, endogenoudades in plasma, total body and extracellular
water, fat content, regional blood flow and prolygiiglycoprotein (Pgp), mainly that present in the
gut, liver and brain. With respect to plasma proteinding it is known that the young are less
capable of binding many compounds to proteins entlood. Protein binding can be a significant
detoxification mechanism, since it can segregathemical foreign to the body, making it less
likely that the compound will reach its site of toxaction (Calabrese, 1986). Especially with
respect to water-soluble substances, it can bedstaat children of all age groups show a higher
volume of distribution on a body weight basis. Tiescaused by an increased proportion of
extracellular water and/or reduced protein bindinogpared to adults (Schneider et al., 2002).

Metabolism

Biotransformation enzymes are an important compbmethe metabolism of foreign substances.
Several enzymatic systems are not fully developediigh and mature during the child’'s
development. Important differences have been faundhildren compared with adults both for
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phase | enzymes [e.g. different cytochrome P450RCahzymes, mainly CYP3A7, CYP3A4 and
CYP1A2), reductive and hydrolytic enzymes] and ghihenzymes (e.g. N-methyltransferases and
UDP glucuronosyltransferases). Depending on thestanbe considered, this can either lead to
increased or decreased toxicity compared to addliéuration of these enzymatic systems mainly
takes place during the first year after birth (Daése, 1986; Benedetti and Baltes, 2003).

Elimination

Biliary and renal clearances do not reach the fanat capacity of the adult organism until one or
several months after birth, respectively, whichuliesl in a delayed elimination of foreign
substances (Schneider et al., 2002).

During the growth and maturation process therenisvelution of membranes, including receptors,
in infants and children as they approach adulthddwbse changes represent a potential for a very
different environment for chemical interactions twiteceptors (Roberts, 1992). The elimination
mechanisms in children are not fully developed tetbe age of six months. Thus, the same dose
relative to body weight cannot be eliminated atdame rate as later in life. Particularly in theeca

of repeated exposure, the reduced rate of elinmnatieans that the same intake relative to body
weight leads to a higher internal concentration andsequently to the possibility of a more
pronounced effect (APUG, 2004).

Differences in susceptibility of children in relati to carcinogens

The increased susceptibility of infants and chitdte carcinogens when compared to adults is of
particular importance. It is difficult to make geaksations about the effect of age on suscepiybili
to chemical carcinogens due to the heterogenedusenaf the possible influences — with regard to
the individual age groups and individual substaneeand the response mechanisms of the
organism.

Age can, for example, affect metabolism, cell gevétion rates, and hormone levels, which can in
turn affect tumour incidence, latency, and tumg@pet as can a myriad of other interactions that are
genetically, behaviourally, and environmentallyestetined.

In particular, two parameters expected to modullage effects of exposure to an environmental
carcinogen are DNA repair and cell proliferationiiand Kleinjans, 2003). The balances between
DNA adduct formation, DNA repair, and cell replicat will be critical to the development of
tumours. There are relatively few direct data oanges in cell replication rate with age. However,
inference can be made from the rate of organ weajght, decreased in many organs from birth to
4-6 years of age. Although for organs such as the bthis rate then remains stable, for others
such as the liver, another increase in growth ateurs towards puberty (Ginsberg, 2003).
Additional periods of high cell replication rategist for reproductive organs around puberty.
Despite the absence of precise data, periods a gwth in utero and during infancy will be
accompanied by greater cell division rates thaadults for many organs.

In the recent scientific literature, there is aor@ased number of publications stating that ridks o

cancer from exposure to carcinogens occurring foomception through puberty can be different
compared to risks from exposure occurring in acith
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Induction of genetic damage early in life may irase risk of carcinogenesis later (Anderson et al.,
2000; Birnbaum and Fenton, 2003; Ginsberg, 2003¢ \Whd Kleinjans, 2003; Miller et al., 2002;
Scheuplein et al., 2002).

Multiple biological modes of action are involved @arcinogenesis. Thus, many factors may
account for differences in sensitivity. Some aspeegarding a greater lifetime risk of cancer for
infants and children due to exposure to a carcincggxly in life are summarised subsequently
(Barton et al., 2005; Budroe et al., 2009):

Cancer is a multistage process and the occurrette dirst stages in childhood increases the
chance that the entire process will be completad,aacancer produced, within an individual's
lifetime.

Tissues undergoing rapid growth and development rbay particularly vulnerable to
carcinogenic agents. More frequent cell divisiomimy development can result in enhanced
fixation of mutations due to the reduced time ala#é for repair of DNA lesions and clonal
expansion of mutant cells gives a larger populatibmutants (Slikker et al, 2004). In addition,
more opportunity for incorrect repair of damageg(eDNA breaks, crosslinks, adducts) or
alterations to result in permanent changes to th¢A De.g., mutations, altered DNA
methylation) could occur that may ultimately leaccancer.

Some embryonic cells, such as brain cells, lackDX¥&¥A repair enzymes.

During early development, a greater proportion tné body’s cells consists of relatively
undifferentiated stem cells, and as such repreaearge target population of somatic cells
capable of passing along permanent changes toNiAednring future cell divisions.

Some components of the immune system are notfiutigtional during development (Holladay
and Smialowicz, 2000; Holsapple et al., 2003).

Hormonal systems operate at different levels dudiffgrent life stages (Anderson et al., 2000).

There may be greater sensitivity to hormonal cagems early in life since the development of
many organ systems is under hormonal control (engle and female reproductive systems,
thyroid control of CNS development).

Induction of developmental abnormalities can resul predisposition to carcinogenic effects
later in life (Anderson et al., 2000; Birnbaum drehton, 2003; Fenton and Davis, 2002).

Other factors that may play a role in increasedceanisk from exposures during critical
developmental periods include differences in immogical activity, intestinal absorption,
biliary and kidney excretion, blood and fat distitiion, and expression of enzyme systems that
activate or detoxify carcinogens.

Another reason that the young may be more susdeptib carcinogens than adults is simply
because they have a much longer life over whiclténeinogenic action may occur (IPCS 2006).
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Conclusion

There are potential differences in inherent biatabi susceptibility and in exposures to
environmental carcinogens of children as compaceddults. Throughout the course of their
development, children go through different stagésspecific exposure and vulnerability to
environmental influences of carcinogens.

Children have different susceptibilities duringfeient life stages owing to their dynamic growth
and developmental processes as well as physiolpgieetabolic, and behavioural differences.
Young children’s immune systems, including the lkboain barrier, are not fully developed,
making them less able to fight and control the atffeof biological and chemical assault on their
bodies.

From conception through adolescence, rapid growthdevelopmental processes occur that can be
disrupted by exposures to environmental chemicalese include anatomical, physiological,
metabolic, functional, toxicokinetic, and toxico@ynic processes. Children’s bodies and brains are
still developing, so lifelong structural or funatia changes in their bodies are more likely than in
adults.

Due to many of the specific characteristics andabmur patterns described, children might be
subject to higher exposure than adults and furlsgopsure pathways and exposure patterns may
also be different in different stages of childhodfxposure can occum utero through
transplacental transfer of environmental agentsnfroother to foetus or in nursing infants via
breast milk.

Children consume more food and beverages per kilogoody weight than do adults, and their
dietary patterns are different and often less Wdiauring different developmental stages. They
have a higher inhalation rate and a higher bodfasararea to body weight ratio, which may lead to
increased exposures.

Children’s normal behaviours, such as crawling ba ground and putting their hands in their
mouths, can result in exposures not faced by adults

Children’s metabolic pathways may differ from thasedults.

Children have more years of future life and thugentoame to develop chronic diseases that take
decades to appear and that may be triggered by eavironmental exposures. Because children
generally have many more years ahead of them tthaltsatheir risks from cumulative exposures
are also greater. Diseases and conditions thaslave to develop are more likely to result from

childhood exposures or exposures that are repeagrdnany years.

Overall, children are a vulnerable population sobgr with special susceptibilities and unique
exposures to environmental chemicals, especialhcaracausing agents such as PAHs that have
important implications for public health practicasd risk assessment approaches.

There is currently no international scientific census on what is the best approach for assessing
the risk of substances that are both genotoxiccancinogenic and different approaches are used
around the world. In many countries and especiaitiiin the EU, the advice is given to reduce the
exposure to such substances — in particular thabitdren - to a level that is as low as reasonably
achievable (known as the ALARA principle).
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B.5.8.6 Summary and discussion of carcinogenicity
B.5.8.6.1 Animal studies

In numerous animal studies, the carcinogenic effe€tPAHs, as single compounds or as various
complex PAH-containing mixtures to which humans rbayexposed, were examined by various
routes of exposure. BaP is the best-studied PAIS.darcinogenic by all routes tested in a number
of animal species and is used as the main indicatocarcinogenic PAHs. The majority of
carcinogenicity studies in experimental animals wasducted as skin painting studies, a limited
number of studies following ingestion were avaikalbhnd only a few animal studies have been
published on inhalation exposure. Oral studies witte BaP or PAH mixtures resulted in increased
tumour incidences in the gastrointestinal traserlj and respiratory tract in rats and mice. Long-
term inhalation of PAH mixtures or pure BaP indudethours in the lung in rats and mice. In
hamster inhalation of BaP caused tumours in thpinagsry tract, but not in the lung. Dermal
exposure to relative low BaP or various PAH con@ditns induced benign and malign skin
tumours in various strains of mice.

A tabular overview of all animal carcinogenicityugies is given again in Appendix 1 to this
dossier.

B.5.8.6.2 Human data

No data are available on the carcinogenic effetctsngle PAHs in humans. In contrast, most of the
human studies have addressed the carcinogenicRABIf mixtures with BaP as lead compound. A
considerable number of epidemiological studies hdemonstrated that occupational exposure to
soot, coal tar, and other PAH-containing mixtures darcinogenic to humans. However,
interpretation of these data is hampered by theynvamiables present in as