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Background
1. IPIECA has been developing guidance on the egdn of GHS criteria to petroleum

substances according to the work plan presentétedhirteenth session of the Sub-Committee
(informal document UN/SCEGHS/13/INF.4). At the ftaanth session IPIECA listed issues that
could result in divergent classification of petwole substances (informal document

UN/SCEGHS/14/INF.10). These issues have been irdllymdiscussed at the fourteenth,

fifteenth, and sixteenth sessions, which resulteaseful feedback from the Sub-Committee.

! In accordance with ST/SG/AC.10/C.4/32, paragraph 8

GE.09-
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Development of guidance

2. The guidance may be found in the annex to tbisuchent. The guidance has been
developed with input from experienced technicalezigp on the field of petroleum substance
toxicology and addresses crude oil and petroleullmstances produced from oil and gas
operations. In response to the feedback receivad the Sub-Committee a technical support
document has been developed, in which the pringipfethe guidance will be explained with

examples using scientific literature.

Benefits of guidance

3. IPIECA believes that the guidance presented hia Annex, if endorsed by the
Sub-Committee, will result in global harmonizatiaf hazard classification of petroleum
substances broadly traded in international comméydditional benefits of the guidance are:

(&) Application of the “grouping” or “category” conceptesulting in a full use of
available data hereby minimising the need for ahite&ting;

(b) Transparent use of GHS principles for the classifot;n of complex,
multi-constituent substances;

(c) Consistent and reliable classification of petrolelgubstances, resulting in
appropriate hazard communication aiming to redune risks arising from the
storage and handling of petroleum substances;

(d) Consistent classification reduces costs for ingumstid States.

4. We acknowledge that achieving these benefitependent on the pursuit of a credible
approach, which is well communicated and understbgdthe affected parties. IPIECA
recognises that the GHS permits States to implethen&EHS as they deem appropriate.

5. By providing relevant sector-specific guidanbe thazard classification of petroleum
substances should globally be consistent regardfeggyional differences in the implementation
of GHS or classification of individual petroleumbstance constituents.
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Annex

(English only)

Guidance on the application of GHS criteria to substances of unknown or variable
composition, complex reaction productsor biological materials (UVCB), in specific
petroleum substances

Background

1. This document provides supplemental guidancettier classification and labelling of
petroleum substances, a class of UVCBs.

2. The consistent classification and labelling efrpleum substances is not straightforward
due to the complex nature and chemistry of the tanbes. Consistent application of the
Globally Harmonized System of Classification andé&liing of Chemicals (GHS) requires an
understanding of the influence of refining procesea the chemical composition of various
process streams as well as an understanding qfhtyyscal and chemical similarities of stream
groupings, which is important in determining thdeg to which similar petroleum substances
can be grouped for classification.

The GHS would benefit from more detailed guidancethe classification of petroleum
substances, based on the industry's experiendemdaterizing their hazards.

3.  The purpose of this document is to providigpgemental guidance to facilitate a consistent
approach to the classification and labelling ofgleum substances. The approach identified has
been developed independent of specific regulatppyaaches that exist or may be proposed and
represents the global oil industry’s recommendgut@gch under GHS. The framework for the
supplemental guidance includes recognition:

(@) That petroleum substances are in fact subssagned not mixtures;

(b) That they are logically arranged in groups‘omilar’ substances, facilitating read-
across for purposes of consistent classificatioth manimizing unnecessary animal
testing; and

(c) That in the absence of data on the substanmsad-across data for similar substances,
there are certain hazardous constituents whichlgdHmi considered in classification
decisions.

The nature of petroleum substances

4. Petroleum substances are chemicals derived @roihe oil by physical separation (i.e.
distillation), which may be followed by chemical dification (e.g. hydrogenation, cracking,
etc). There are many different types of crude oitl ®@ach consists of many thousands of
chemicals, predominantly hydrocarbons. Furthermooetwo crude oils are compositionally the
same. Thus, since the composition of any distitatiractions derived from crude oil will be
dependent on the source crude oil itself, and istdldte fractions may be subject to a variety of
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chemical modifications, it follows that petroleunnbstances will be of variable chemical
composition, broadly defined by their physico-cheshproperties.

5. Petroleum substances are, therefore, classetrdsrown or Variable composition,
Complex reaction products and Biological substah¢e®/CB substances). For this reason
petroleum substances cannot be produced to meeifispehemical specifications. Rather,
specifications for petroleum substances are noymadlated to several physical chemical
specifications (such as boiling range, flash pountcosity) that establish specification limits
related to the intended use of the material.

CAS descriptions of petroleum substances

6. According to the definitions in Chapter 1.3.®fLthe GHS (second revised edition),
substances are defined a€hemical elements and their compounds in the nhtstate or
obtained by any production process, including adglitive necessary to preserve the stability of
the product and any impurities deriving from th@gess used, but excluding any solvent which
may be separated without affecting the stabilitghef substance or changing its composition.”
Petroleum streams meet the GHS definition of swostaand are hence considered to be
substances.

7. Although petroleum substances are of complex pomition they are defined as
substances and each has a CAS number and assoCilagdlefinition. The CAS definition
typically identifies the starting material and tleest process step that a substance will have
undergone during its production. In many casesnaication of important physico-chemical
parameters such as either a boiling range or aonanbhmber range or both will be included in
the CAS definition. An example of a typical CAS idéfon for a petroleum substance follows:

Gas oils (petroleum), straight run

A complex combination of hydrocarbons produced hey distillation of crude oil. It
consists of hydrocarbons having carbon numbers gedantly in the range of C11
through C25 and boiling in the range of approxiniat205 °C to 400 °C (410 °F to 752
°F).

8. Although the CAS definition is imprecise, it metheless does limit wide variation of
composition for a given petroleum substance.

9. Regulatory authorities have included petrolewhstances and other UVCBs on their
chemical control inventories despite their complard variable composition. Chemical
inventories that include petroleum substances emigtustralia, Canada, China, the European
Union, Japan, Korea, New Zealand, Philippines aed.inited States of America.

Grouping of petroleum substancesfor classification purposes

10. Petroleum substances are usually describe@&rimst of starting material, production
process and ranges of physico-chemical properties as boiling point or carbon number. In
order to maximise the use of available informateord minimise animal testing, petroleum
substances can be arranged into groups or categurisimilar’ substances.
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11. The rationale for such groupings is that set@etroleum substances within a group are
derived from similar starting materials and haveilsir physico-chemical properties and
generally similar chemical composition, these sasts exhibit broadly similar hazard
properties. Classification may then be addressed grmoup rather than on a single substance
basis.

12. Such grouping schemes have been devised by @G@NEC(Conservation of Clean Air
and Water in Europe, the oil companies’ Europeaoa@ation for environment, health and safety
in refining and distribution) and subsequently addpin the European Union (EU) in the
Existing Substances Regulation (1993) and the DangeSubstances Directive (1993) and also
by the American Petroleum Institute in their adies to fulfil the requirements of the United
States High Production Volume (HPV) Challenge paogrof the United States (U.S.)
Environmental Protection Agency (2007).

13. Toxicity and environmental information is agalle on some members of each of the
groups of petroleum substances and these data edredd-across’ to all members of the
petroleum substance group. These data have beemasimad by the American Petroleum
Institute (API) (see Robust Study Summaries prepéoe the High Production Volume (HPV)
Programme; http://www.petroleumhpv.org) and CONCAW4ee the CONCAWE Product
dossiers; www.concawe.be) and should be used gmithe sources of information.

14. The major petroleum substance groups for wHath exist and/or for which read-across
is possible are:

(@) Crude oil

(b) Petroleum gases

(c) Naphthas/gasolines

(d) Kerosines

(e) Gasails

(H Heavy Fuel oils

(g) Residual aromatic extracts

(h) Distillate aromatic extracts

(i) Treated distillate aromatic extracts
() Lubricant base oils

(k) Petroleum waxes

() Petrolatums

(m) Foots oils

(n) Slack waxes

(o) Bitumens (Asphalts) and Vacuum residues
(p) Petroleum cokes

This list reflects the major groups of petroleurbstances. In some regions major groups
are divided into subgroups to meet regional reguyatequirements. More detailed information
about grouping is available through the Americatrdbfeum Institute (API) and CONCAWE.
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15. By using the grouping system of petroleum sarasts and a tiered approach to the
classification of petroleum substances, the paértazards of petroleum substances can be
accurately identified and communicated on a coessidtasis.

16. Some petroleum substances may contain speoiffistituents which may be classified as
hazardous, e.g., as acutely toxic or as carcinggeatggens, specific target organ toxicants (e.g.
neurotoxicants), or reproductive toxicants. Howewvests may show that the full petroleum
substance may not in itself be hazardous. Thisemise hazardous constituents may not be
present in toxicologically significant amounts dretphysical properties of the petroleum
substance may affect the bioavailability of thedrdnus constituent.

Classifying petroleum substances under GHS

17. GHS establishes the principle (section 1.3.thaj where test data are available for a
substance or mixture, then the classification efgtbstance or mixture should be based on these
data. Such a principle is applied to petroleum wrz®s. In the absence of test data on the
specific petroleum substance itself, read-across fa similar petroleum substance should be
applied.

18.  As described above, petroleum substances im efathe groups have similar physico-
chemical properties, similar chemical compositiow gherefore have similar hazard properties.
In certain specific cases read-across between grisuglso possible provided the groups have a
similarity of composition. This may occur because manufacturing processes may result in
some overlap in chemical composition between gro8psh read-across is accomplished on a
case-by-case basis.

19. In some cases data may not be available fopetrleum substance per-se and reliable
read-across may not be possible. As stated, petrolsubstances may contain specific
constituents which may themselves be classifiettaamrdous. Section 1.3.3.1.3. stat@oté
also that where impurities, additives or individuanstituents of a substance or mixture have
been identified and are themselves classified, thleguld be taken into account during
classification if they exceed the cut-off valuetmntration limit for a given hazard cldssn the
absence of specific data for the complete substa@orsideration of the amount and significance
of such hazardous constituents may then providesss for the classification of the whole
petroleum substance.

20. The potentially hazardous constituents of contigat may occur in the different groups
of petroleum substances are indicated in Table 1.
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Table 1: Petroleum substance groups and their specific (potentially hazardous) constituents

Petr oleum substance groups Relevant Hazard Classes Possible Constituents of
Concern
Crude oil Carcinogenicity, mutagenicity, H,S*, Benzen® PAH
acute toxicity
Petroleum Gases Carcinogenicity/mutagenicity, 1,3-Butadieng H,S
acute toxicity
Naphthas/Gasolines Carcinogenicity/mutagenicity Benzéne
Specific target organ toxicity n-Hexane, Toluene,
Benzene
Reproductive effects n-Hexane, Toluene, Xylene
Kerosines | e e
Gasoils Carcinogenicity PAH
Heavy fuel ol Carcinogenicity, acute toxicity PAHH,S?
Residual aromatic extracts | - | e
Distillate aromatic extracts Carcinogenicity PAH
Treated distillate aromatic Carci - PAH®
arcinogenicity
extracts
Lubricant base oils Carcinogenicity PAH
Petroleumwaxes | e e
Petrolatums Carcinogenicity PAH
Foots oils Carcinogenicity PAH
Slack waxes Carcinogenicity PAH

Bitumens (asphalts) and
vacuum residues

Petroleumcokes |  em—_— e

a

Hydrogen sulphide is an acutely toxic gas, whiah be released from some groups of petroleum
substances

Benzene is classified by IARC as a Group 1 car@ndq@Carcinogenic to humans’).

Several 3-7 fused-ring Polycyclic Aromatic Hydrdwams (PAH) are classified as Group 1 or 2
carcinogens (‘Carcinogenic to humans’ or ‘Probalplgésibly carcinogenic to humans’) by IARC.
Others are not classified or non-classifiable.

1,3-Butadiene is classified by IARC as a Grouprtioagen (‘Carcinogenic to humans’).
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Specific classification guidance by hazard class

Acute toxicity

21. Hydrogen sulphide is an acutely toxic gas, Whian be released from some groups of
petroleum substances (for example crude oil, pairol gases, heavy fuel oil streams, etc.). The
levels of hydrogen sulphide are generally belowgpecified concentration limits that warrant
classification. However, hydrogen sulphide may exillin the headspace during storage and
transport and adequate warning for this shoulchljace (see transport regulations).

22. Even if a petroleum substance is not classidiggl to the presence of hydrogen sulphide,
for good product stewardship, if headspace accumuolaf hydrogen sulphide is possible,

regardless of measured concentrations of hydrogkhisle in the petroleum substance, it is
advised to include appropriate warnings on thet@data Sheet (SDS).

Skin irritation

23. There is generally sufficient read-across tiatassess the skin irritancy hazard of most
petroleum substances. It should also be noted ghibleum substances (hydrocarbons in
general) may cause defatting of the skin, leadingkin dryness and cracking. It is advised to
include appropriate warnings on the SDS.

Germ cell mutagenicity

24. Constituents generally accepted as mutagenpetimleum substances are 1,3-butadiene
and benzene. More specific scientific informatidroat 1,3-butadiene and benzene in petroleum
substances can be found in the Technical Suppatiment.

25. In the absence of reliable data on the substandrom read across, classification as
mutagen category 1B is recommended, where:

(@) this is consistent with the cut-off values/cemication limits for Category 1
mutagens (such as benzene and 1,3-butadienedasutain section 1.3.3.1.3 of the
GHS;

(b) there is no evidence from human epidemiologgists that warrant classification as
a Category 1A mutagen

Carcinogenicity

26. Constituents that may be found in petroleunstuites and are generally accepted as
carcinogenic in petroleum substances are 1,3-leriadibenzene and some 3-7 ring Polycyclic
Aromatic Hydrocarbons (PAH). In the absence ofatdk data on the substance or from read
across, for 1,3-butadiene and benzene the cutdftieg/concentration limits as laid out in
section 1.3.3.1.3 should be applied. More spesifientific information about 1,3-butadiene and
benzene in petroleum substances can be found te¢haical support document.
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27. For petroleum substances containing PAHS, kire carcinogenic potential is related to
the level of specific 3-7 fused-ring PAHs. Whilencentrations of specific PAHs can be
determined, and certain PAHs are classified asireagenic (e.g., by IARC), the skin
carcinogenic potential of petroleum substances ldhaormally be assessed based on the whole
substance, taking into account the total PAH cdntdihis is because individual PAH may occur
at biologically insignificant concentrations, butet total PAH-content may be biologically
important. Examples of tests widely accepted temheine the carcinogenic potential of specific
petroleum substances containing 3-7 fused-ring Paxids

(@) skin painting studies in mice (Freeman and MgKIi©93)
(b) modified Ames test E-1687 (Blackburn et al869ASTM, 2004)

(c) DMSO extractables as determined by IP 346 (CAWE 1994; Energy Institute,
1992)

28. More specific scientific information about PAH petroleum substances and the test
methods above can be found in the technical suglbadument.

29. In the absence of reliable data on the substandrom read across classification as
carcinogen category 1B is recommended, where:

(@) this is consistent with the cut-off values/cemcation limits for Category 1
carcinogens as laid out in section 1.3.3.1.3 ofGhES, and

(b) there is no evidence from human epidemiologgists that warrant classification as
a Category 1A carcinogen.

Reproductive toxicity

30. Examples of constituents which may be classif@ this hazard class are n-hexane,
toluene, xylene. More specific scientific infornaati about n-hexane, toluene, and xylenes in
petroleum substances can be found in the techsuggdort document.

Specific target organ toxicity following single equre

31. Exposure to high levels of certain low boilipgint hydrocarbons may cause narcotic
effects (included in Category 3: Transient targgiaa effects). These narcotic effects may occur
when exposed to high concentrations of petroleunstamces with a relatively low boiling point,
for example petroleum gases and naphthas/gasolines.

Specific target organ toxicity following repeategesure

32. Constituents that may be present in some grofpetroleum substances that may be
classified as STOT are for example n-hexane, t@uand benzene. More specific scientific

information about n-hexane, toluene, and benzergeiroleum substances can be found in the
technical support document.
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Aspiration

33. Petroleum substances may present an aspiraéipard, depending on their viscosity.
Guidance on classification for this hazard cladaigout in chapter 3.10 of GHS.

Environmental hazards

34. For environmental classification, the princgplaid out in section 4.1.2 of GHS can be
applied using either test data for the overall g or read-across to a similar substance.
Unlike the approach for classification of severalalth hazard classes, the use of data on
constituents is not appropriate to derive the @mrirental classification for biodegradation and
bioaccumulation of a petroleum substance. As patral substances are complex substances,
specific test methods may be required. Specifid@ute on environmental tests with complex
substances is laid out in Annex 9 of the GHS (A 1d) and A9.3.5.10).

Animal testing and animal welfare

35. IPIECA shares the concerns on welfare of erpantal animals as described in section
1.3.2.4.6 of the GHS. Therefore this guidance sgied to maximize the use of existing health
and environmental data while significantly reductihg overall number of tests needed. The
similarity of many petroleum substances allows tioeir grouping into categories based on

chemical composition. Petroleum substances repasen of each category are used as test
materials to develop health and environmental &ffedormation which can be extrapolated to

all the substances in their category. This will idvannecessarily testing similar complex

substances.

36. In addition, when testing is necessary, IPIEST®Nngly recommends that the number of
laboratory animals used be minimized to the gré&e®nt possible within the constraints of the
regulatory requirements and that studies be coeduatcording to component authority and
OECD guidelines. In addition, where possible labmias accredited by the Association for
Assessment and Accreditation of Laboratory AnimahreC (AAALAC), or equivalent
organisations, for excellence in animal care shbeldised.

Infor mation requirements

37. To be able to use the above schemes it regihiaéshe person making the classification
has access to the required data.

38. It is recommended that they also:

(@) Maintain records on the level of substance tituents — when they are used as a
basis for classification;

(b) Ensure that the studies used to derive a @leasdn are of a consistent and reliable
guality; and

(c) Have access to the documentation that provltesead across argumentation.
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Advantages of the proposed approach
39. (@) Allows full GHS criteria to be explored;
(b) Full use of available data;

(c) Consistent with GHS and represents a consigtégrnational oil and gas industry
view;

(d) The actual hazard of the petroleum substasited same regardless of where it is
sold globally. By considering the petroleum subsgaas a whole for classification
the communicated hazards and classification ofpeteoleum substance should be
similar and reliable on a global basis regardlesgegional differences in the
classification of the constituents;

(e) IPIECA recognises that the GHS permits competeithorities to implement the
GHS as the country deems appropriate. By providielgvant sector-specific
guidance the hazard classification of the petroleustance should globally be
consistent regardless of regional differences i@ itmplementation of GHS or
classification of individual petroleum substancestduents.
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Technical support document
1. This technical support document provides sdientiackground information for specific

petroleum substance constituents and illustrates the IPIECA approach would be used to
assess health hazards specific to petroleum suwestanThe GHS defines cut-off
values/concentration limits for each hazard cléssdescribed in section 1.3.3.1.3 of the GHS
these cut-off values/concentration limits also gpplindividual constituents of a substance.

2. The use of the cut-off values/concentrationtns described in section 1.3.3.2 of the
GHS. Section 1.3.3.2.3 states th@n"“occasion, conclusive data may show that therdaziaan
ingredient will not be evident when present at aeleabove the generic GHS cut-off
value(s)/concentration limit(s). In these cases rhigture could be classified according those
data”. This technical support document aims to providscentifically sound basis for the
application of the generic cut-off values/concetira limits adopted in the GHS or for a
deviation thereof.

Polycyclic aromatic hydrocarbons (PAH)

3. Polycyclic aromatic hydrocarbons (PAH) may besent in crude oil and be fractionated
into certain petroleum streams during the refinprgcess. Specific 3-7 fused-ring PAHs are
classified by the International Agency for Reseaorh Cancer (IARC) as “carcinogenic to
humans (Group 1)” or as “probably/possibly carcemg to humans (Group 2A/B)”.

4. It is known that the PAH-fraction in petroleumbstances can present a carcinogenic
hazard to skin (Chasey et al., 1993; McKee etl8B9; Roy et al., 1988a). The mutagenicity and
skin carcinogenic potential of petroleum substaroegaining PAH is related to the level of 3-7
fused-ring PAHs (Hermann et al.,1979; Roy et a@88a). While concentrations of specific
PAHs can be determined, the skin carcinogenic pafeaf petroleum substances should be
assessed based on the whole substance, takingdotmnt the total PAH content. Individual
PAH may occur at biologically insignificant conceattons, but the total PAH-content may be
biologically important.

5. Representative substances from most of the Ipatro product groups have been
evaluated for skin cancer potential using the ma@gsdermal carcinogenesis model. Currently,
two tests are used for estimating the carcinoggmutential of certain product groupings,
specifically:

(a) treated distillate aromatic extracts,
(b) lubricant base oils, and
(c) foots oails.

These tests consider the total PAH content of fgimo substances, rather than specific
PAHSs.

6. IP 346 is a chemical method that gravimetricatigasures DMSO-extractables which
include PAHs. The method is limited to the prodgiciups mentioned above. Results of IP 346
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tests have a strong correlation to the resultgpmfeemal carcinogenicity bioassays (Booth et al.,
1998; Chasey et al., 1993; Doak et al., 1985; R@}.£1988a).

7. ASTM E-1687 is commonly known as the modified ésrtest. It is based upon the
standard Salmonella mutagenesis assay but modilieehhance sensitivity to PAH in oils.
ASTM E-1687 is applicable to virgin base oils witiscosities of 18 ¢St (90 SUS) or greater at
40°C. Whereas IP 346 is an analytical test, ASTMIEB7 is a biological test that identifies
mutagenic activity in the DMSO-extractables of @nResults from ASTM E-1687 have a high
correlation with the results of epidermal carcinmggy bioassays (Blackburn et al., 1986; 1988;
Roy et al., 1988b).

8. Several studies show that results of both IR8#bthe modified Ames test correlate well
with the results of epidermal carcinogenicity bemgs. Overall, petroleum substances
containing less than 3% w/w DMSO extractables aasmesd by IP346 are not carcinogenic to
skin. This approach has been accepted in the EUisnéflected in the CLP legislation
(http://ecb.jrc.ec.europa.eu/). The same holds fiougetroleum substances which are negative
(i.e. mutagenicitry index < 1.0) in the modified Amtest (Przygoda et al., 1992; Reddy et al.,
1992; Roy et al., 1988b).

Benzene
9. Benzene may affect haematology in laboratorynats after repeated exposure. In
humans, benzene is associated with acute myelogdeakemia. Benzene is classified by the

International Agency for Research on Cancer (IAB€)carcinogenic to humans (Group 1)'.

Benzene content of naphtha streams

10.  An analytical study of 226 naphtha streams ootetl by PERF showed that the “most
likely” average benzene concentration is around pascent. Measured concentrations of
benzene ranged from “non-detect” in isomerized tfamhto a high of 20% in reformate.

Carcinogenicity

11. Benzene is associated with acute myelogenauseheia in humans. No appropriate

animal model for acute myelogenous leukemia has mEntified. Therefore, animal data do not

provide a solid basis to predict potential carcemig effects of petroleum streams based on
benzene content.

12. Therefore, reliable data (see GHS section #Bf2om human epidemiology studies
should be the first tier in classification for pg&aum streams potentially containing benzene (e.g.
naphthas). If reliable human epidemiology datarereavailable, it is recommended to take the
level of benzene into account. For petroleum steeaamtaining >0.1% benzene (e.g. naphthas),
even in absence of carcinogenic effects in animadiss, it is recommended to classify for
carcinogenicity.
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Specific target organ toxicity (STOT) after repebéxposure

13. The most characteristic systemic effect rasglfrom intermediate and chronic benzene
exposure is arrested development of blood celldyB@gomarkers of exposure to relatively low

levels of benzene include depressed numbers obonere of the circulating blood cell types.

A common clinical finding in benzene hematotoxicisy cytopenia, which is a decrease in
various cellular elements of the circulating bloathnifested as anaemia, leukopenia, or
thrombocytopenia in humans and in animals.

14. Data on high-benzene petroleum streams (napktwav that repeated exposure to full
range catalytic reformed naphtha (63% aromaticg)lted in a reduced white blood cell (WBC)
count in sham treated controls and naphtha tregi@aps in both sexes compared to untreated
controls. Additionally the WBC count was decreabgdapproximately 24% in the high dose
females when compared to the sham controls. Thee4b observed adverse effect level”
(LOAEL) for decreased WBC in females is 1894 ppi®5@ mg/n), the “no observed adverse
effect level” (NOAEL) is 464 ppm (1970 mg#in(Dalbey and Feuston, 1996).

15. The observed LOAEL is above the guidance vatidsables 3.9.1 and 3.9.2 of the GHS.
Therefore it is concluded that petroleum naphtmaasts should not be classified for STOT
repeated exposure based on benzene haematoldfgcas.e

1,3-Butadiene

16. In humans, 1,3-butadiene is associated witkel@ia. 1,3-Butadiene is classified by the
International Agency for Research on Cancer (IARG)“probably carcinogenic to humans
(Group 2A)”.

1,3-Butadiene content of petroleum gas streams

17.  An analytical study of 32 gas streams condubteBERF (1997) showed that the “most
likely” average 1,3-butadiene concentration is acb0.1 percent. Measured concentrations of
1,3-butadiene ranged from “non-detect” in certaP@.to a high of 11% in olefins from the
cracked-gas plant.

Carcinogenicity

18. 1,3-Butadiene is associated with leukemia iméws. No appropriate animal model for
leukemia has been identified. Therefore, animah did not provide a solid basis to predict
potential carcinogenic effects of petroleum streiased on 1,3-butadiene content.

19. Therefore, reliable data (see GHS section #Bf2om human epidemiology studies
should be the first tier in classification for pdeum streams potentially containing
1,3-butadiene (petroleum gases). If reliable hurepidemiology data are not available, it is
recommended to take the level of 1,3-butadiene astmunt. For petroleum streams containing
> 0.1% 1,3-butadiene (petroleum gases), even imraes of carcinogenic effects in animal
studies, it is recommended to classify for carcerogity.
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n-Hexane

Hexane content of naphtha streams

20.  An analytical study of 173 naphtha streams ootedl by PERF (1997) showed that the
“most likely” average hexane concentration is atbtwmo percent. Measured concentrations of
n-hexane ranged from “non-detect” in certain heeatycracked and coker naphthas to a high of
14% in straight run naphtha (PERF, 1997). Thesea dd$o suggest that the n-hexane
concentration of most naphtha streams is not likelgxceed 10%.

Reproductive toxicity

21. n-Hexane is classified in the European Unio@ai®gory 3 reprotoxicant, R-62 (possible
risk of impaired fertility), or GHS Category 2 (gpested of damaging fertility or the unborn
child) because of studies demonstrating adverse reproductive effects (testicular toxicity).

22. Two reproductive toxicity studies of a commaltiexane sample were conducted which
demonstrate the lack of male reproductive effecta hydrocarbon mixture containing 52% n-
hexane.

23. The studies include:

One generation reproduction study, conducted ira@pr-Dawley rats at 100, 500, and
1500 ppm. Exposures were for 100 days pre-matimydauring mating and gestation.
No adverse reproductive or developmental effecteweted (API, 1986).

Two generation reproduction study, conducted ir§pe-Dawley rats at concentrations
of 900, 3000 and 9000 ppm. Exposures were 6 haydbr ten weeks prior to mating,
as well as during mating, gestation and lactatidhups at 9000 ppm level showed
reductions in initial body weight which was conctent with parental toxicity, but no
other treatment related findings were observed.atlieerse effects on reproduction were
noted (Daughtrey, et al. 1994).

24. It is concluded not to classify petroleum naphstreams for male reproductive effects
because n-hexane is not likely to be present irolgetm naphtha streams at concentrations that
are hazardous.

Neurotoxicity

25. n-Hexane is classified in the European UniorRa&3/20, or GHS Cat 2 because it is
known to cause distal axonal neuropathy in manexqerimental animals, usually manifesting
clinically as peripheral neuropathy.

26. A sub-chronic inhalation study of a commerdiakane sample was conducted which
demonstrates the lack of neurotoxic effects in@dgarbon mixture containing 52% n-hexane.
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Exposure of Sprague-Dawley rats to n-hexane coratémis of 900, 3000, and 9000
ppm 6 hr/day, 5 days/week, for 13 weeks was corducEunctional Observational Battery tests
were conducted at 6 different time points throughba study and motor activity was evaluated
monthly. Exposure had no significant effects omnleurobehavioral or motor activity endpoints
evaluated and no significant neuropathologicalifigd were reported (AP1 1990).

27. Three additional sub-chronic (13 week) inhalatstudies of naphtha light ends (light
alkylate, light cat-cracked, and light cat-reforpdthve utilized test batteries to evaluate
neurotoxicity potential at concentrations as high6646 ppm in the study of light alkylate
naphtha, and 7500 ppm in the other two studies.adN@rse neurotoxic effects were reported in
any of the studies. The distillate fractions of taphthas contained 4.5% in the cat reformed
naphtha (Schreiner, et al, 2000b), and 1.56% ircéteracked naphtha (Lapin et al, 2001).

28. It is concluded not to classify petroleum rthplstreams for specific target organ toxicity
(neurotoxic effects) because n-hexane is not likellge present in petroleum naphtha streams at
concentrations that are hazardous.

Specific target organ toxicity

29. See Ototoxicity discussion below
Toluene

Toluene content of naphtha streams

30. An analytical study of 216 naphtha streams uotetl by PERF showed that the “most
likely” average toluene concentration is aroundrf@ercent. Measured concentrations of
toluene ranged from “non-detect” in certain SR riaphand isomerization naphthas to a high of
32% in reformate. The data also indicate that tleee likely to be a significant number of
streams that exceed 3% toluene (PERF, 1997).

Developmental toxicity

31. Toluene is classified in the European UniorCategory 3 reprotoxicant, R-63 or GHS
Cat 2 because of animal study results suggestatgttbauses developmental toxicity.

32. A distillate fraction of light cat-reformed r@pa, containing 5.78 wt% toluene, was
evaluated in a reproductive/developmental toxisityeening study (OECD 421). Exposures
were to male and female Sprague-Dawley rats atesdrations of 750, 2500 and 7500 ppm,
6 h/day, 7 days/week, for two weeks prior to matmg throughout days 0-10 of gestation. No
developmental or reproductive effects were repdi@a the study (Schreiner et al, 2000a).

33. The highest exposure concentration in thisystsi@quivalent to 27,750 mgof which
5.78%, or about 1600 mg#n{420 ppm), represents exposure to toluene. Tloedserved
effect level” (NOEL) in the toluene developmentalxitity study conducted by API was
750 ppm.
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34. A developmental toxicity evaluation of unleadgakoline containing 8% toluene was
conducted in rats at concentrations of 1000, 3@®@d, 9000 ppm, which did not produce any
evidence of developmental toxicity (Roberts eal1).

Specific target organ toxicity

35. See Ototoxicity discussion below.

36. Based on scientific data petroleum substancetaiming up to 8% toluene do not cause
developmental toxicity. However, as a conservadipproach it is recommended that petroleum
substances containing 3% or more toluene be diedddr developmental toxicity.

Ototoxicity of individual hydrocarbons

37. There is clear evidence that high concentratmintoluene disrupts the auditory system
and causes elevated auditory thresholds in labgratimals, with rats being the most sensitive
species. The evidence in rats suggests that esgosust be to a certain minimum concentration
for a certain time period before ototoxicity willewklop, but the exact magnitude of that
concentration is not known with certainty. The NElAfor toluene ototoxicity in rats is
700 ppm (2.63 mg/L). This is based on a 16-weelystwhich represents is longest exposure
period studied (CONCAWE, 2005).

38. Hearing dysfunction has also been reported tagh exposure of laboratory animals to
xylene isomers and n-hexane (CONCAWE, 2005). Rglene produced hearing loss in rats
repeatedly exposed to concentrations of 900 (3.9.)gith a no observed effect level at
450 ppm, while the lowest effect level for mixedletyes was reported to be 800 ppm
(3.47 mg/L). Some perturbations in brainstem augievoked responses have been reported in
rats repeatedly exposed to 1000 ppm n-hexane (B8g3R).

39. The GHS document provides guidance values $estawith classification of specific
target organ effects (Tables 3.9.1 and 3.9.2)itithtate recommended cut-off values based on
the route of exposure. For Category 1 classificathe guidance value for inhalation of vapours
Is set at 0.2 mg/L indicating that effects seenrdtelow this concentration should be classified
as Category 1. The corresponding value for Categois set between 0.2 and 1 mg/L. The
lowest observed effect levels for induction of egloss for toluene, xylenes and n-hexane are
all above 2.6 mg/L, which is higher than the recanded guidance value for classification of
substances as Category 2 target organ toxins.

40. The observed LOAEL for the induction of hearogs for toluene, xylenes and n-hexane
are all above 2.6 mg/L, which is above the guidaradees of Tables 3.9.1 and 3.9.2 of the GHS.
Therefore it is concluded that petroleum naphthleasts containing toluene, xylenes and n-
hexane should not be classified for STOT repeatpdsre based on ototoxicity.
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Skin carcinogenicity of petroleum middle distillates

41. Petroleum middle distillates are streams caoethiin the kerosene and gas oil product
categories (see 14 d and e in the main body ofdisiment) which boil in the range of about
350-700 degrees F (200 °C — 350 °C). Those regutibom the atmospheric distillation of crude
oil are called “straight-run” middle distillates hile other streams in this general boiling range
can be produced from cracking and other processes.

42. The results of dermal carcinogenicity testifgniddle distillates has demonstrated that
streams from cracking processes, which containifgignt quantities of biologically active 4-6
ring polycyclic aromatic hydrocarbons (PAHSs), caiige skin tumors. PAHSs are present only at
very low concentrations in straight run streamsydaer it has been observed that some of these
streams have also caused skin tumors. Unlike éeponse from cracked streams, the tumor
response from straight run streams is charactebyea lower incidence, longer latency, and the
presence of significant chronic irritation and amfimation of the skin (Nessel, 1998).

43. Follow-up studies have shown that dilutingigtrtarun middle distillates to reduce the
irritant effect also eliminates the tumor responsé@nd evaluation of straight run middle
distillates in initiation promotion studies has derstrated that the materials are promoters and
not initiators (Jungen, 1995). These findings,pded with the lack of mutagenicity of these
streams have led to the hypothesis that the turagponse caused by straight run middle
distillates resulted from a non-genotoxic mechanipnesumably involving the promotion of
pre-existing, spontaneously initiated cells (Ness@98).

44, Based on scientific data it is recommended rtindtlle distillate streams (kerosenes and
gas oils) obtained from atmospheric distillatiort be classified as a carcinogen since PAH do
not occur at biologically significant concentratort is also recommended that other middle
distillate streams which have been shown to be gemi@ be classified as carcinogen

Category 2.
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