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PROPOSAL FOR HARMONISED CLASSIFICATION AND

LABELLING
Substance Name: Nitrobenzene
EC Number: 202-716-0
CAS number: 98-95-3
Registration number (s):
Purity: >99.3%
Impurities: < 0.3 % benzene

< 0.1 % dinitrobenzene
< 0.1 % dinitrophenol
< 0.5 % water

< 0.1 % picric acid

Classification proposed by the Dossier Submitter
Proposed classification based on Directive 67/548 criteria, impurities < 0.1% each

Carcinogen Category 3, R40 limited evidence focicagenesis

T toxic, R23/24/25 toxic by inhalation, in contadgth skin and if swallowed

R48/23/24/25 toxic: danger of serious damage tditihnéy prolonged exposure through inhalation,
in contact with skin and if swallowed

Reproductive toxicant Category 3, R62 possible oisiknpaired fertility

R64 may cause harm to breast-fed babies

R52-53 Harmful to aquatic organisms, may cause -teng adverse effects in the aquatic
environment.

Proposed classification based on Requlation (EC) Nb272/2008 criteria: impurities < 0.1%
each

H351 Suspected human carcinogen, Carc. Cat. 2

H361f Suspected human reproductive toxicant, Reat. 2

H362 May cause harm to breast-fed children, Repribekitoxicant

H301/311/331 Acute toxicity (oral, dermal, inhadex)

H372 STOT Rep. 1, causes damage to organs thraofgnged or repeated oral, dermal or
inhalation exposure.

H412 Harmful to aquatic life with long lasting effe, Aquatic Chronic Cat. 3
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Proposed classification based on Directive 67/548E criteria, containing > 0.1% and < 0.3%
of benzene as an impurity

Carcinogen Category 1, R45 may cause cancer

Mutagen Category 2, R46 may cause heritable gedatiage

T toxic, R23/24/25 toxic by inhalation, in contadgth skin and if swallowed

R48/23/24/25 toxic: danger of serious damage tdilindg prolonged exposure through inhalation,
in contact with skin and if swallowed

Reproductive toxicant Category 3, R62 possible oiSiknpaired fertility

R64 may cause harm to breast-fed babies

R52-53 Harmful to aquatic organisms, may cause -tengp adverse effects in the aquatic

environment.

Proposed classification based on Reqgulation (EC) Nt272/2008 criteria: containing> 0.1%
and < 0.3% of benzene as an impurity

H350 known human carcinogen, carcinogen category 1A

H340 known human mutagen, mutagen category 1B

H361f suspected human reproductive toxicant, regir.2

H362 may cause harm to breast-fed children, remtoditoxicant

H301/311/331 acute toxicity (oral, dermal, inhala)i

H372 STOT Rep. 1, causes damage to organs throtmjbnged or repeated oral, dermal or
inhalation exposure.

H412 Harmful to aquatic life with long lasting effe, Aquatic Chronic Cat. 3

It is proposed to change the current classificatioto the above mentioned. The risk assessment
committee is asked to review and confirm this.

Proposed labelling:

Table 1: Entry of nitrobenzene in Table 3.2 of Anne VI of Regulation (EC) No 1272/2008,
extended by the proposed classifications R48/25 amb4 and classifications due to impurities
as well as the reclassification of R51/53 to R52/53

Index No International | EC No CAS No | Classification Labelling
Chemical
Identification

609-003-00-7| nitrobenzene| 202-716-0 98-95-3 Carc.Cat.3,R40 T
(containing Repr.Cat.3,R62,R64 | R: 23/24/25-40-48/
<0.1% of each T; R23/24/25- 23/24/25-52/53-62-64
impurities 48/23/24/25 S: (1/2-)28-36/37-45-
except water) R52-53 61

609-003-00-7| nitrobenzene| 202-716-0 | 98-95-3| Carc.Cat.1,R45 T
(containing Muta.Cat.2,R46 R: 23/24/25-45-46-48/
>0.1% and < Repr.Cat.3,R62,R64 | 23/24/25-52/53-62-64
0.3% of T; R23/24/25- S: (1/2-)28-36/37-53-45}
benzene as 48/23/24/25 61
impurity) aF R52-53
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Table 2: Entry of nitrobenzene in Table 3.1 of Anng VI of Regulation (EC) No 1272/2008
(CLP), extended by the proposed classification H36&2nd classifications due to impurities as
well as the reclassification of H411 to H412.

Index No | International | EC No | CAS No | Classification (1272/2008) | Labelling
Chemical Hazard Class | Hazard Pictogram, | Hazard
Identification and statement | Signal statement
Category Code(s) Word Code(s)
Code(s) Code(s)
609-003- | nitrobenzene | 202- 98-95-3 | Carc. 2 H351 GHSO06 H351
00-7 (containing | 716-0 Repr. 2 H361f GHS08 H361f
<0.1% of +lactation H362 Dgr H362
impurities Acute Tox. 3 | H331 H331
each) Acute Tox. 3 | H311 H311
Acute Tox. 3 | H301 H301
STOTRE1 | pg7ot H372
Aquatic H412 H412
Chronic 3
609-003- | nitrobenzene | 202- 98-95-3 | Carc. 1A H350 GHS06 H350
00-7 (containing 716-0 Muta. 1B H340 GHSO08 H340
>0.1% and < Repr. 2 H361f Dgr H361f
0.3% of +lactation H362 H362
benzene as an Acute Tox. 3 H331 H331
impurity) Acute Tox. 3 | H311 H311
Acute Tox. 3 | H301 H301
STOTRE1 | H37% H372
Aquatic H412 H412
Chronic 3

Proposed specific concentration limits (if any):

Proposed notes (if any):

Benzene can be an impurity of up to 0.3%. Therefthre classification is given twice: once for
nitrobenzene with impurities of less than 0.1% éptcwater); and once for Nitrobenzene with
impurities of benzene of up to 0.3%.

This dossier reviewed the carcinogenicity, mutagignand reproductive toxicity endpoints, as well
as acute and repeated-dose toxicity. Corrosivity iamtation data show no effects, and respiratory
sensitisation data are insufficient for a strietsslification.

The classification of N R51/53 was entered if'“2&TP of Directive 67/548/EEC. The data
presented in the Risk Assessment Report (RAR 280 Tot support the current classification as N
R51/53. According to this data the current clasatfon should be changed from N R51/53 (H411)
to R52/53 (H412).

* Minimum classification according to Reg. (EC) N&72/2008, 1.2.1 (p. 338)
T Hazard statement for reproductive toxicity acdR&m. (EC) No 1272/2008, 1.2.3 (p. 338)
* Route of exposure cannot be excluded acc. to (&2). No 1272/2008, 1.2.2 (p. 338)
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JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

Chemical Name: Nitrobenzene

EC Name: Nitrobenzene
CAS-Name: Benzene, nitro-
CAS Number: 98-95-3
IUPAC Name: Nitrobenzene

1.2 Composition of the substance

Chemical Name: Nitrobenzene
EC Number: 202-716-0
CAS Number: 98-95-3
IUPAC Name: Nitrobenzene
Molecular Formula: eHsN O,
Structural Formula: O\\N:O'
Molecular Weight: 123 g/mol

Typical concentration (% w/w):  99.7
Concentration range (% w/w): 99 - 100



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON NIROBENZENE

1.3 Physico-chemical properties
Table 3: Summary of physico- chemical properties
REACH ref | Property IUCLID Value [enter
Annex, 8§ section comment/reference
or delete column]
Vil, 7.1 Physical state at 20°C and | 3.1 Liquid of
101.3 KPa pale yellow to yellow-brown
coloration
Vil, 7.2 Melting/freezing point 3.2 5.26 °C BASF AG (1986)
VI, 7.3 Boiling point 3.3 210.8 °C Lide (1991)
VII, 7.4 Relative density 3.4 1.2037 Lide (1991)
density
VI, 7.5 Vapour pressure 3.6 20 Pa at 20 °& Auer (1988)
32.6 Paat 25 °€ Daubert and
Danner, 1989
20 Pa (0.15 mmHg) at 20 °C \NN_:"% Report, 2003
... Nitrobenzene.
38 Pa (0.284 mmHg) at 25 °C (Environmental
47 Pa (0.35 mmHg) at 30 °C| health criteria No.
230) by L. Davies
VI, 7.6 Surface tension 3.10 43.9 mN/m at 20 °C Lide (1991)
(pure substance)
VI, 7.7 Water solubility 3.8 1900 mg/l at 20 °C Bayer AG (1998)
VII, 7.8 Partition coefficient n- 3.7 1.86 at 24.5 °C BASF AG (1987)
octanol/water (log value) partition
coefficient
VII, 7.9 Flash point 3.11 88 °C BAM (1997)
VI, 7.10 Flammability 3.13 Not extremely flammable BAM (1997)
Not highly flammable
Not flammable
Vil, 7.11 Explosive properties 3.14 No explosive properties BAM (1997)
VI, 7.13 Oxidising properties 3.15 From structural reasons and | BAM (2009)
based on theoretical
considerations as well as
practical experiences has no
oxidising properties according
to ECC standard method A.21
Auto flammability 3.12 480 °C (DIN 51794) BAM (1997)

1) The vapour pressure of 0.2 hPa at 20 °C was coadirloy entries in safety data sheets of various emieg.
US EPA confirmed also this value (http://www.wht/jics/ehc/full-text/ehc230/part_l.pdf). Daubert and
Danner (1989) present an experimental vapour pressu0.245 mm Hg equivalent to 32.6 Pa at 25 C.

2) EPA
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2 MANUFACTURE AND USES

2.1 Manufacture

There is no natural source of nitrobenzene knowowévVer, nitrobenzene may be formed by
OHe-initiated photooxidation of benzene which cotlidoretically be of natural origin. This possible
source is not considered to be significant. Nitrddeme is almost exclusively produced by nitration
of benzene. Nitrobenzene is mainly used as annm@giate in the manufacture of aniline (RAR
2007).

According to available data there are 13 productiod/or processing sites of nitrobenzene within
the EU. The data are provided via the European @asn Bureau website ESIS
(http://ecb.jrc.ec.europa.eu). The resultant qtyaofi nitrobenzene produced in the EU amounts to
be 1'175’000 t/year (2000).

2.2 Identified uses

Almost all nitrobenzene is primarily used for th@ghuction of aniline and, to a much lesser extent,
for the production of pharmaceuticals and variaireiochemicals (RAR 2007).

Type of use Tonnage [t/a] Appr. % in this applicaton
Processing to aniline 1'162'900 99

Processing to pharmaceuticals 9’300 0.8

Processing to other chemicals 2’800 0.2

Total 1'175’000 100

There is a difference of about 5,000 t/a betweenlyetion and processing which amounts only to
around 0.42 % of the total production volume. luldonot be clarified whether this amount is
further used at all and if so for which applicatibmight be used. There is no evidence that this
missing tonnage in the mass balance is actualthdumprocessed and it is hence considered to be
due to inaccuracies in estimates rather than duge tussing tonnage. It is not known that any
guantities of nitrobenzene are imported from oetsice EU.

In Germany nitrobenzene was used for perfuming saaghe past as the so call@d of Mirbane
However, the use of nitrobenzene in cosmetic prizdbas been forbidden in Germany since the
1980s. (Cosmetic Regulation from 19th June 1985). iNformation is available whether
nitrobenzene is or was used in soaps in EU cosntitieer than Germany and whether this possible
use may have become discontinued.

The content of nitrobenzene in different produstisted in the Danish Product Register. In 2003
nitrobenzene was present in 23 adhesive or bingiinducts and reprographic agents in a range of
0-2 % with an approximate quantity of less thawwrdne per year. These products might be used by
professionals or consumers.

The dossier submitter has no information on anyhese uses in Europe at present. It can be
assumed that they are of historical relevance amg can be neglected in the future. This
assumption is supported by the SPIN database whetiee year 2001 nitrobenzene was only

10
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present in 41 products in Denmark (reprographicejeut with an amount of O tonnes per year.
In Sweden, Norway or Finland no nitrobenzene cointgiproducts were listed (RAR 2007).

3 CLASSIFICATION AND LABELLING

3.1 Classification in Annex | of Directive 67/548/EEC

Nitrobenzene is covered by the following entriesAimex VI of Regulation (EC) No 1272/2008
(CLP).

Table 4: Entry of nitrobenzene in Table 3.2 of Anne VI of Regulation (EC) No 1272/2008
(CLP).

Index No International | EC No CAS No | Classification Labelling
Chemical
Identification
609-003-00-7 | nitrobenzene 202-716-( 98-9543 Caat. & T;N
R40 R: 23/24/25-48/23/24/25
Repr. Cat. 2; R60 | 40-60-52/53
T; R23/24/25 S: 2-36/37-45-46-53
T; R48/23/24/25
N; R52/53

Table 5: Entry of nitrobenzene in Table 3.1 of Anne VI of Regulation (EC) No 1272/2008
(CLP) as amended by the 2¥ ATP of Directive (EC) No. 67/548.

Index No | International | EC No | CAS | Classification Labelling
Chemical No Hazard Class and | Hazard Pictogram, | Hazard
Identification Category Code(s) | statement | Signal statement
Code(s) Word Code(s)
Code(s)
609-003- | nitrobenzene 202- | 98- | Carc. 2 H351 GHSO06 H351
00-7 716-0 | 95-3 | Repr. 1B H360F GHSO08 H360F
Acute Tox. 3 H331 Dgr H331
Acute Tox. 3 H311 H311
Acute Tox. 3 H301 H301
STOT RE 1 (blood)| 43728 H37Z
Agquatic Chronic H412 H412
Cat. 3

8 Route of exposure cannot be excluded acc. to (&2). No 1272/2008, 1.2.2 (p. 338)
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4 ENVIRONMENTAL FATE PROPERTIES

4.1 Degradation

411  Stability

No investigations are available with regard toltlgdrolytic degradation behaviour of nitrobenzene.
However, the substance category of the aromatim ribmpounds is generally resistant to
hydrolysis (Harris JC, 1990), so that nitrobenzisneot expected to hydrolyse under environmental
conditions.

4.1.2 Biodegradation

4.1.2.1 Biodegradation estimation

4.1.2.2 Screening tests

Table 6 summarised the results of screening testf ready biodegradability for nitrobenzene.
Table 6: Tests of ready biodegradability

Test Degradation |Conditions Result Reference
OECD 301C 3.3% BOD initial concentration: 100mg/l | not readily (CIT1 1992)
incubation of 14 d biodegradable
OECD 301E initial concentration: 38.5 mg/l |Evaporation of |(BASF AG
100 % DOC |after incubation of 21d nitrobenzene — |1989a)
88 % DOC abiotic control test system is not
appropriate
similar to OECD initial concentration: not readily (BASF AG
301F 48 % BOD 60 mg/l (after incubation of 32 d|biodegradable |1989b)
and a lag phase of 25 d
0-16 % BOD |100 or 120 mg/!
Warburg initial concentration: microorganisms |(Gomolka
respirometry test |33 % BOD 100 mg/l (after incubation of 14 tare inhibited and Gomolka
system and a lag phase of 90 h) when 1979)
30 % BOD 300 mg/l (after incubation of 10 |c > 1000 mg/I
d)
0 % BOD 1400mg/l
Electrolytic 10 % BOD initial concentration: 100 mg/l | not readily (Urano and
respirometer system incubation of 10 d biodegradable |Kato 1986)
similar to MITI (but incubation
<28 d)

In a MITI | test (OECD 301C) (CITI, 1992) nitrobesrze at a concentration of 100 mg/l was tested
with an inoculum (30 mg/l) containing activated dgde from a municipal sewage plant and 10
samples from 10 different sites in Japan. A dedradaf 3.3 % related to Biochemical Oxygen
Demand (BOD) after an incubation of 14 days has lmeeasured.

In another standard test the biodegradability ttbbenzene was studied according to the modified
OECD screening test (OECD 301E) (BASF AG, 1989al).aAnitrobenzene concentration of
38.5 mg/l an elimination of 100 % related to Disgaol Organic Carbon (DOC) after 21 days was
measured, but in the abiotic control an eliminatdr88 % has also been determined. Hence, the
elimination is not only based on biological pro@sss

12
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In a manometric respirometry test (similar to OE@D1F) (BASF AG, 1989b) two test
concentrations were tested, 60 and 120 mg/Il. Camggthe test concentration of 120 mg/l there is
conflicting information. The text of the test deption stated that the concentration is 120 mg/I
whereas the marking of the diagram says 100 mg/a goncentration of 60 mg/l a biodegradation
rate of 48 % related to BOD after an incubatiol3®fdays has been determined. The lag phase was
25 days. At the higher test concentration 5 pdraksays were run and the biodegradation rate
varied between 0 and 16 % related to BOD. Only ésyerimental details are given in the report.
Due to the long lag phase it can be concluded abaptation has taken place. In fact this study
cannot be considered valid but it confirms the jotemh from the other studies that nitrobenzene is
not readily biodegradable.

In a study on ready biodegradability (Gomdlka aram@lka, 1979) using a Warburg respirometry
test system, it was shown that at initial conceiung up to 300 mg/l, nitrobenzene was degraded
slowly. 33 % related to BOD were degraded by daytldn initial concentration of 100 mg/| test
substance with biodegradation starting after 90rdidag time. At an initial dosage of 300 mg/l
30 % were degraded after 10 days. At this conceotraitrobenzene slowly dissolves in water so
nitrobenzene concentration increases during tke8D hours. After that the concentration declines.
At an initial concentration of 1400 mg/l the nitesizene concentration increased at first due to
slow solution in water. No decrease and no elinmmabf nitrobenzene were reported. The authors
state that at concentrations above 1000 mg/l nocganisms are inhibited.

Nitrobenzene at a concentration of 100 mg/l wasy aldgraded to 10 % related to BOD after
10 days of incubation with domestic activated skudgan electrolytic respirometer system similar
to the MITI procedures (Urano and Kato, 1986). BO@C and biomass were monitored, whereas
no substance-specific analytic procedure was paddr

4.1.2.3 Simulation tests

Not relevant for this type of dossier.

41.3 Summary and discussion of persistence

It can be stated that nitrobenzene is not biodedpadwith unadapted inoculum. In the screening
tests of ready biodegradability nitrobenzene ditlachieve the pass level (70% DOC (Dissolved
Organic Carbon ) or 60% ThODRhéoretical oxygen demand)or 60% ThCO?2 theoretical carbon
dioxide).

4.2 Environmental distribution

Not relevant for this type of dossier.
4.3 Bioaccumulation

43.1 Aquatic bioaccumulation
4.3.1.1 Bioaccumulation estimation
4.3.1.2 Measured bioaccumulation data

The following table gives an overview of differdnbaccumulation studies.

13



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON NIROBENZENE

Table 7: BCF of Nitobenzene based on different bia@umulation studies

Species Bioconcentration Factor (BCF) Reference

Cyprinus carpio 1.7-7.7 (CIT1 1992)

Poecilia reticulata 22.4-38.9 (related to fat weight) (Deneer et al7)98
Leuciscus idus melanotus < 10 (related to wet weight) (Freitag et al. 1982)
Chilorella fusca 24 (Freitag et al. 1982)
Chlorella fusca var. vacuolata 24 (Geyer et al. 1984)

In the MITI-list (CITI 1992) the bioaccumulation ofitrobenzene in the fresh water species
Cyprinus carpiowas ascertained. The used guideline correspondsetguideline OECD 305 C
"Bioaccumulation: Test for the degree of bioconcaidn in fish”. The test concentrations were
0.125 and 0.0125 mg/l, respectively, at£%5 C and the lipid content of the test organisms vhrie
between 2 and 6 %. At a nitrobenzene concentratidh125 mg/l a BCF in the range of 3.1-4.8
was determined during an exposure period of 42.dstythe concentration of 0.0125 mg/l the BCF
varied between 1.7 and 7.7.

Also experiments with female guppieBogcilia reticulata,5 to 8 months old) were performed
(Deneer et al., 1987). The mean fat content w29@ The test concentration was 1/5 of thed.C
(200 umol/I=12.3 mg/l). Nitrobenzene solutions werrewed daily. After 3 days the nitrobenzene
content of the individual fish was determined. Bf€F;s, on the basis of fat weight varied from
22.4 to 38.9. The authors state that the relatively BCF for nitrobenzene might be due to
experimental difficulties in the determination afrabenzene in fish, due to the relatively high
volatility of this compound.

The bioaccumulation of nitrobenzene in fish andaalgvas also examined (Freitag et al. 1982).
Experimental protocols were described in detaiKorte et al., 1978. For the fish test the golden
orfe Leuciscus idus melanotwgas chosen as test organism. Five fish weighirgutah.5 g each
were exposed to 50 pg/l éfC-labelled nitrobenzene for three days in a clasggtem. The fish
were not fed during this time and no aeration tptace. After three days the radioactivity in the
whole fish was determined and referred to the @eec@nstant concentration of nitrobenzene in the
water. A BCF of < 10 (related to wet weight) wadcakated. For the algae test the green alga
Chlorella fuscawas used. Algae (20 mg d.w./200ml) were exposedQoug/l 14C-labelled
nitrobenzene for 24 hours. After this time algallscevere separated by centrifugation and the
radioactivity was measured in the algae and irstipernatant. A BCF of 24 (related to wet weight)
could be determined.

In another study (Geyer et al., 1984) bioaccumaiatif nitrobenzene in the algzhlorella fusca
var. vacuolatawas examined. Algae were exposed to a nitrobenzeneentration of 50 pg/l in
nutrient solution at room temperature (20-€%. The experimentally determined bioconcentration
factor was 24.

4.3.2 Terrestrial bioaccumulation

No data available.
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4.3.3 Summary and discussion of bioaccumulation

The different experiments show that nitrobenzersmseto have a low bioaccumulation potential.
In all available tests the BCF values were clebdipw 100.

4.4 Secondary poisoning

Not relevant for this dossier.

5 HUMAN HEALTH HAZARD ASSESSMENT

5.1 Toxicokinetics (absorption, metabolism, distribution and elimination)

Nitrobenzene is a volatile liquid that can readilgin access to the body by inhalation and skin
penetration of the vapour, as well as by ingestiod dermal absorption of the liquid. Nitrobenzene
activation in rats to methaemoglobin-forming metdabs appears to be mediated to a significant
degree by intestinal microflora. In test animake tmajor part of nitrobenzene (about 80% of the
dose) is metabolized and eliminated within 3 dayee remainder is eliminated only slowly. The
slow compartment is likely due to erythrocyte rdioyg of nitrobenzene redox forms and
glutathione conjugates. Covalent binding, presugnablsulfhydryl groups of haemoglobin, was
demonstrated.

In rodents and rabbitg;nitrophenol ang-aminophenol are major urinary metabolites. In haspa
part of the absorbed dose is excreted into theui6—20% of the dose is excretegastrophenol
(which thus may be used for biological monitoringhe half-times of elimination fg-nitrophenol
are estimated to be about 5 h (initial phase) add b (late phase). The urinary metabolite
aminophenol is significant only at higher doses (E2003).

5.2 Acute toxicity

Numerous reports on nitrobenzene poisoning in ttegature are mainly dated back for many

decades. An attempt is made to cover the specitiria of nitrobenzene poisoning and exposure-
related disturbances. No or only minor attemptsmagle to cover the aspects of treatment after
nitrobenzene poisoning. In general, treatment stediof oxygen supply, blood transfusions and
intravenous injections of methylene blue.

Nitrobenzene (also called oil of mirbane) has ty@ctl odour of bitter almonds that could be
detected in the expired air or in the gastric cotste

Nitrobenzene is rapidly absorbed by the oral, iatiah and dermal route as demonstrated in the
following case reports. For example, dermal absompis in the range 1.54% after application of

four micrograms of nitrobenzene to the forearm.sTabsorption rate is low in comparison to

dinitrobenzene (53%) and to benzoic acid (43%; falth and Maibach 1970) and it seems to
contradict the clinical effects seen after dermahd( probably also inhalation) exposure of

nitrobenzene. Case reports also demonstrate acieeffidermal absorption. However, the most

prominent clinical symptoms are among others cyian{see Ewer 1920; Mallouh and Sarette

1993).
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The most frequently reported side effect is theeroflife threatening methaemoglobinaemia. In
addition, nitrobenzene exposure is mainly assatiatgh the formation of Heinz bodies in
erythrocytes, the toxic effects on bone marrow &mwdphoid organs, neurotoxic effects and
hepatotoxic effects. Large interindividual variaisodo exist. This is also due to the fact thatrofte
the amount of nitrobenzene absorbed is not knowabid® and children appear to be more sensitive
to the effects of nitrobenzene (Beauchamp et @21David et al. 1964; Monnier 1947; Lareng et
al. 1974). It should be noted that derivatives itfobenzene, especially m-dinitrobenzene, caused
similar effects in 8 workers like nitrobenzene (&en et al. 1966).

In the following, a short list of case reports (somers and workers) is documented. This list does
not pretend to be complete but it covers the magpects of nitrobenzene exposure.

A chemical company reported six cases of nitrobeazmisoning during the years of 1970 to 1976.
No data on type and duration of exposure are gigdnsix patients were admitted to a hospital
after having shown the following symptoms: localizeyanosis, breathing problems, and
conjunctivitis. No further details are given (BA3K, unpublished report 1992).

52.1 Acute toxicity: oral

5.2.1.1 Human data

As residents of the maternity ward after partunfidive mothers had eaten a cake that had
contained an ingredient to simulate a bitter almtaste in autumn 1944. Lacking a comprehensive
chemical analysis for the causative agent, instéachtural bitter almonds and almond paste it may
have contained either nitrobenzene and/ or othdrstances like aniline, benzaldehyde or

benzonitrile. The mothers did not reveal any clhhgymptoms but on the next morning (approx. 15
hours after ingestion), their breast-fed babies dekloped a strong to very strong cyanosis. The
children did not show any additional symptoms amel ¢yanosis receded largely in the next 24
hours. The children were not breast fed for 1.8 ttays. They received large amounts of tea, and if
necessary oxygen and heart stabilizing drugs (Dgel 1949). (see 5.9.3 et seqq.)

A middle-aged white man was brought to the hospitah coma. He had a marked ashen-gray
cyanosis. There was a very strong odour of nitrabea (shoe polish) about the patient, especially
in his mouth. Gastric lavage revealed the presefggtrobenzene. Respiration was decreased to
about ten a minute. In spite of vigorous stimulataod oxygen supply the patient died within 45

minutes. He did not regain consciousness (Dono%20)1

A 48-year-old habitual drinker consumed 200 ml ifolbenzene. He vomited immediately and the
contents had an intense odour of bitter almondshétame cyanotic within a short period of time,
had irregular breathing, and increased motor agtiihe blood had a chocolate-brown colour.
Treatment consisted among others of gastric lavé@@ ml of bleeding, intravenous transfusion of
glucose and blood transfusion. The man was in anawable position for 4 days. Methaemoglobin
and haematin was detected in urine. After abouédks the man had recovered (Voll 1936).

A woman (24 years) decided to commit suicide andllswed a mixture that contained almost 12
ml of nitrobenzene. She was deeply cyanosed afiehour. Treatment consisted among others in a
blood transfusion, intravenous treatment with 10®thylene blue, saline and glucose. The urine
contained methaemoglobin and an excess amountrimiugaamino acids (e.g. alanine, serine, and
glutamine). The patient complained of a severe &eael dizziness, and a bad taste in her mouth.
She was afebrile and was never jaundiced. Thergatiade a rapid recovery within approximately
four weeks (Parkes and Neill 1953). (calculatedy/@@kg = ca. 230 mg/kg)

16



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON NIROBENZENE

A woman (19 years) survived a suicidal oral dosalwfut 50 ml of nitrobenzene, approximately

11 g of which was absorbed from the gastro-intestinact. Severe symptoms, including the

formation of 82% methaemoglobin, normalized enyinglthin 24 days due to quick and extensive

treatment. Other symptoms present were unconsasasityanosis (persistence for the next 10
days), irregular and shallow breathing, and sluggeaction of the pupils to light. The venous

blood had a chocolate-brown colour. There was @ndisodour of bitter almonds in the expired air

(Myslak et al. 1971). (calculated: 11g/60kg = ¢80 Ing/kQ)

A severe toxic methaemoglobinaemia was diagnosedlétyear- old male chemistry student who
had accidentally ingested between 5 and 20 mllwbean liquid while using a pipette. Analysis of

the gastric aspirate revealed the presence ofnandind nitrobenzene (no further details). He
became unconscious and his skin and mucous mensbnaare navy blue to almost black. A strong
smell similar of bitter almonds was noted. Methaglobin level was in excess of 65% and

decreased to normal levels after 3 days. The mdarwent intensive treatment (blood transfusions,
diuresis among others). He made an uneventful ssgoin about 19 days (Harrison 1977).

(calculated: max. 24g/60kg = 400 mg/kg)

A 21-year-old man was thought to have taken abOuib340 ml of a nitrobenzene-containing dye
used in screen printing about 30 min before adwmis$o hospital. He was reported to have
peripheral and central cyanosis; pupils were nosiza, heartbeat was 160 beats per minute, blood
pressure was 80/54 mm Hg and respiration was 28npaute. Blood samples were dark brown.
After 1 h of positive-pressure ventilation, gastagage and intravenous fluids, the patient became
conscious and well oriented, with a decrease imtliate and an increase in blood pressure. Serum
methaemoglobin was 4.29 g/dl. A slow intravenousision of ascorbic acid was started, and
methylene blue was injected intravenously; after B, the colour of the patient changed
dramatically from brownish-blue to pink. After acead injection of methylene blue and a
transfusion of packed red blood cells, methaemaglelas 0.6 g/dl. A peripheral blood smear
revealed evidence of haemolytic anaemia. Therensasvidence of occult blood in the urine. The
patient was discharged on the fifth day of admisgiumar et al. 1990).

The leading clinical symptom even, after a low @ase of nitrobenzene, is cyanosis which caused
by intensive formation of methaemoglobin. Haemoglaip blood of newborn children is much
sensitive to methaemoglobin formation than haentoglaf their mothers, however, however
resulted cyanosis of acutely poisoned babies desmep in next 24 hours and no other symptoms
were reported in babies fed with milk of intoxicdt®others.

The dose of nitrobenzene taken in case of lethalxication of man is not known, it may be
assumed that it was higher than doses inducingletbal acute poisoning. The amounts of
nitrobenzene inducing acute poisoning in humaresr aftal intake are in the range of 12 — 200ml (
14 — 240 g) of nitrobenzene. Assuming average humeight of 70kg, these amounts can be
converted to estimated toxic doses of 14 000/7@0 @00/70mg/kg, thus to a range of 200 —
3428,5 mg/kg. None of these intoxications werdade however they all received medical
treatment, which has assisted in survival of intated persons.

Based on a case-study of Harrison (1977) descriténgvery of a man who ingested nitrobenzene
in an approximate dose of 400mg/k after intensieglical treatment, it might be assumed that this
dose could be lethal to man without medical treatm®n the other hand in another case a man has
survived, after medical treatment, oral intake 200 ml ( 240g) of nitrobenzene corresponding
roughly to 2409/70kg — 3.4g/kg.

In two other recent case studies (Myslak et al.11®umar et al. 1990) patients survived oral
intake of 50ml and 30-40ml of nitrobenzene, whiglequal 60g and 36-48g of nitrobenzene. These
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data may allow to assume that the lethal-withcesittnent dose of nitrobenzene could be equal to
60 000mg/70kg = 857mg/kg and 42 000/70 = 600mg/kg

5.2.1.2 Animal data

Species

LD s (mg/kg)

Observations and remarks

Rat (m)

732

In the first study a LD50 of 732 mgikgs calculated using doses
400, 630, 800 and 1000 mg/kg bw administered peagmto groups (
10 male rats per group (with sesame oil as vehid#)rats died aftg
administration of 1000 mg/kg, 4 rats died after adstration of 800 &
well as 630 mg/kg and none of the animals afteriaidtnation of 40(
mg/kg. Mortalities occurred within 3 days, clinicaigns include
perturbance of equilibrium, hunched posture, closaes, laterd
position, cyanosis and paralysis of hind legs. Nesy revealed dar

brown discolouration of blood in the animals thegddwithin the study,

surviving animals demonstrated no macroscopicadliple changes.
(Hoechst AG 1977, unpublished report)

Rat (m)

588

The second study resulted in an orab.Df 588 mg/kg bw (0.4
mi/kg): Doses of 0.3, 0.4, 0.5, 0.6, and 0.7 mi&gquivalent to 360, 48
600, 720 and 840 mg/kg) undiluted nitrobenzene \adreinistered to ]
male rats per dose. A dose of 0.3 ml/kg did noseauortalities, but 3
of the animals demonstrated clinical signs. Thdisécal signs include
perturbance of equilibrium, piloerection, sedatioyanosis, bloody ey
and poor reflexes. Two rats died after administranf 0.4 ml/kg, 5 raf
after 0.5 ml/kg, 8 rats after 0.6 ml/kg and all rH@s after 0.7 ml/kg
Mortalities occurred on days 2 to 4. Information oecropsy is ndg
given.

(Bayer AG 1978, unpublished report)

Rat (7)

650

In female rats oral LD50 values rangeithin the same order
magnitude: In a first study an oral LD50 of 650 kegbw was calculate
after administration of doses of 320, 500, 630 &0 mg/kg bv
administered per gavage to groups of 10 female patsgroup usin
sesame oil as vehicle. All rats died after admiatgin of 800 mg/kg,
rats died after 630 mg/kg, 4 rats after 500 mg#kgj mone of the anim4g

after administration of 320 mg/kg. Mortalities oomd within 4 days,

clinical signs included perturbance of equilibriutminched postur
closed eyes, lateral position, cyanosis and lossefiéxes. Necrops
revealed dark-brown discolouration of blood in #@mals that die
within the study, surviving animals demonstrated macroscopicall
visible changes.

WU‘I(Q

D

~ Q<

(Hoechst AG 1977, unpublished report)
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Species

LD s (mg/kg)

Observations and remarks

Rat (f)

640

In a second study an oral LD50 of 64§kg bw was calculated af
administration of 280 to 2100 mg/kg bw to femaltsras 10% gumnily
arabicum suspensions per gavage: Mortalities oedusithin 2 days (n
further information given). Clinical signs observiedluded restlessngss
and dribbling of urine; discolouration of skin andsible mucou
membranes as typical signs of methaemoglobinaeraia detected.
necropsy, hyperaemia of the parenchymatous orgams detected.
Histology revealed parenchymatous degenerationfattyl degeneration
in liver and kidneys. Formation of methaemoglobiaswassessed after
oral administration of 640 mg/kg and demonstrated14% elevatio
after half an hour, 19% after 1 hour and 28% &2tdrours, intensie
formation of Heinz bodies was stated.

(Sziza and Magos 1959)

Rat (m)
(Fischer-344)

>450

Male (80-90 day old) Fischer-344 rats weighamproximately 200 'Ig
were divided into seven groups of six rats andefhgt6 hours prior o
oral administration of 50, 75, 110, 165, 200, 300 450 md
nitrobenzene/kg bw. Control rats received the wehicorn oil
Histopathological changes consistently involvedyoliver and teste
One rat of the highest dose had cerebellar leglufeeral malacic aregs
and reactive gliosis in the cerebella pedunculublepatocytid
centrolobular necrosis appeared inconsistently ewvHilepatocellular
nuclear enlargement was consistently detectedtgngigen doses as Igw
as 110 mg/kg. These data suggest that nuclear gentant wags
independent of cell death. Testicular lesions wegstricted to thp
seminiferous tubules, and complete destructiorhef dpermatocytes |at
days 2 and 3 after 300 and 450 mg/kg was deteltectotic debris and
decreased numbers of spermatozoa were seen ipitlieyenides. N¢
details are given on the effects of the two lowdsses of 50 and 75
mg/kg.

"4

(Bond et al. 1981)

cat

>120

In a study with cats measurement of metbgibin in blood after orgl
administration is reported: Cyanosis was detecten administration df
30 mg/kg (25 mriikg). After oral administration of 3, 30, 60 and0}.2
mg/kg nitrobenzene to groups of 2 cats each, athas survived. The
animals of the 3 mg/kg group did not demonstragaicant elevation df
methaemoglobin. After administration of 30 mg/kigist cyanosis wds
observed with highest methaemoglobin level (21% Bh&%) at the €
hour observation time which decreased to valuésifo and 1.7% at the
end of the fourth day. After administration of 6@/kg methaemoglobin
levels rose to 47.3% and 34.3% after 6 hours awcedsed to 5.8% and
0% after 96 hours; after administration of 120 rggdyanosis, apathy
and mydriasis were detected with methaemoglobiel¢euf 68.9% and
56.0% after 2 hours decreasing to 18.1% and 7.986 @6 hours.

(BASF AG 1970, unpublished report)

The lethal oral dose of nitrobenzene to cats wperted to be 2400 mg/kg bw and minimal lethal diose
dogs was stated to be 750 — 1000 mg/kg of bodyhwdig von Oetttingen in 1941 ( EHC 230, 2003).

Median lethal doses after oral administration dfafienzene to female and male rats in four anistaties
listed in 5.2.1.2. above were in a range from >@b032 mg/kg/ bw.
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The lowest, but not lethal, dose inducing cyaness determined in cats and was equal to 30 mg/kg. T
highest concentration of methemoglobin was obse6vhadur after dosing 30 mg/kg and after that longpri
within 96 hours to physiological level ( ca. 1.5%1g).

5.2.2 Acute toxicity: inhalation

5.2.2.1 Human data

It is stated that if a worker was exposed all diag threshold level value of 1 ppm, approximately
25 mg of nitrobenzene would be absorbed, of whimbut one-third would be by skin absorption,
the remainder by inhalation (Piotrowski 1967).

It is reported that 200 ppm (ca. 1 mg/l) is the mmaxn concentration that can be inhaled for one
hour without serious disturbance, and 1 to 5 ppem @005 to 0.025 mg/l) is considered a safe level
for daily exposure (Henderson and Haggard 1943).

Seven volunteers were exposed for six hours wittolmenzene vapours in the range of 0.005 to
0.03 mg/l. The exposure was a nose-only-exposueterfdon of nitrobenzene diminished from
87% to 73% during the 6-hour exposure, indicatingvarate of conversion of nitrobenzene in the
body that leads to blood saturation. In urine,rtregabolite p-nitrophenol was present at about 13%
of the inhaled concentration of nitrobenzene. Theaimolite p-aminophenol could not be detected
in urine. The conversion of nitrobenzene to p-pkenol was in the range of 16% (Salmowa et al.
1963).

The case provided by Henderson and Haggard (18di8)ate that one hour exposure of humans to
nitrobenzene in the concentration ca. 1mg/l, whishslightly below the saturated vapour
concentration (SVC) of nitrobenzene equal to 1.0igll at 26C did not resulted in a serious
alteration of health, which most probably meang tieserved symptoms did not require medical
treatment and were not interpreted as a serioestthto health.

The other studies (Piotrowski, 1967; Salmowa e1@963) have a limited value for assessment of
severity of acute inhalation toxicity as the cortcation applied were very low, but they have a
value for knowledge on toxicokinetics of nitrobenagen humans.

5.2.2.2 Animal data

Species LCs0(mg/l) Exposure Observations and remarks
time (h/day)
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Species

LCs0(mg/l)

Exposure
time (h/day)

Observations and remarks

Rat (m)

2.847

4h

In a LC50 study according to OETG® 403, groups of |8

week old male rats were exposed, head-only
atmospheres of nitrobenzene for single 4-hour geridhg
LC50 was determined to be 556 ppm (2847 mig/2rB41
mg/l). Findings for dose groups, pp/, (deaths/expose
were as follows: 439 / 2.24 (0/10), 514 / 2.63 ()/BH42
2.78 (1/10), 555 / 2.84 (7/10), 578 / 2.96 (8/I4 / 370
(10/10). Clinical signs observed during exposurduided
cyanosis, prostration, slight to severe cornealdilog,
lacrimation, pallor, tremors, tachypnea, rales,olakd
breathing, hyperactive / aggressive behaviour, eviiamy
mouth and nasal discharge. An 8 - 21% loss of weigiy
observed 1 to 4 days post-exposure, but normalhvgajn
was achieved thereafter. The extent to which tlutisécal
signs appeared was generally concentration rel&tedth$
usually occurred within 1 to 2 days following expoes
time span was shortened with increased concemiratio

(DuPont 1981, unpublished report)

The saturated vapour concentration (SVC) of nitnabae
as calculated below is equal.014 mg/l, thus th
concentration in this study was 2.8 times highent&VvVC
It should be assumed that in this study the animais
exposed to a mixture of vapour and mist of nitraesre.

Rat

3h; 7h

In an inhalation risk test with raté23animals died after|7
hours of exposure to nitrobenzene vapours saturated
20°C. The saturated nitrobenzene vapours were gexper

by conducting 200 I/h of air through undiluted olienzeng

to

at 20°C None of 12 animals exposed for 3 hours died withi

a l4-days observation periodfter exposure for 7 houis,

3/12 animals died demonstrating severe irritatibmocoug
membranes. At necropsy, dilatation of the heargwbf
discolouration of muscles and organs, swellinghef lung$
and infarct-like blood status were detected.

(BASF AG 1977, unpublished report)

The saturatedapour concentration (SVC) of nitrobenz
as calculated below is equal to 1.014 mg/l. Havmmind
possibility of mist formation the actual exposuggdl could
be even slighlty higher that 1.014 mg/I.

Having in mind that none of the 12 animals exposed3
hours died within a 14-day observation period ti@&glof
nitrobenzene after 4 hour inhalation exposure nhe
above this concentration. This hypothesis is stfegby 4
fact that more than doubling the time of exposute (/]
hours) thus most probably doubling the dedmsorbed i
lungs resulted in 25% mortality.
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Species LCso(mg/l) Exposure Observations and remarks
time (h/day)
Rat (m) 8h In a second study 6 male rats survieed 8-hourg

inhalation of vapours saturated at 23.1°C In this study
the saturated nitrobenzene vapours were generayed b
conducting 400 I/h of air through undiluted nitrokzene gt
23.1°C. The animals demonstrated restlessness,hédnc
posture, lateral position, closed eyes, uncontplle
movements of the head and enhanced respirationgdtié

first hour of exposure. Between 6 and 7 hours dftersta

of the exposure white discolouration of eyelids;sean
noses and dark discolouration of iris was detectddhe]

end of the exposure period animals demonstrateztalat
position and tumbling movements. All animals suedand
recovered within 4 days after exposure. Necropsheatnd
of the 14-days observation period revealed | no
macroscopically visible changegHoechst AG 197]
unpublished report).

Vapour pressure of nitrobenzene increases rapidly an
increase of temperat ( see Table 1) thus at temp. 23.
VP of nitrobenzene would be much higher thar
temperature of 20°C, although it is not known. RB°C
is 38 Pa. Saturated vapour concentration 23%C
calculated using the following formulaSVC [mg/l] =
0.0412 x MW x VPequals to 1.93 mg/l, while SVC at 20
equals to 1.014 mg/l. Assuming proportionality aCSdf
nitrobenzene at 23.1°C could be in a range 1.66-fing/l
Thus based on results of this experiment 5oL ©f
nitrobenzene is above 1.6 mg/I.

Using as an example the conversion factors provide
section 3.1.2.2f Guidance on the Application
Regulation 1272/2008 in table 3.1.1. note {o) relatior]
between length of time of exposure and levelaftitevel
of exposure criteria - the exposurer f8 hour 4
concentration of 1.6 mg/l, would correspond to expe fo
4 hours at concentration of 3.2mg/| for mist ofslitenzeng
thus LGy of nitrobenzene mist might be even above
value.
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Species LCso(mg/l) Exposure Observations and remarks
time (h/day)
Rat (m/f) 7h In a third study 6 female and 6 nralis survived a 7-houfs

nose-only exposure to vapours saturated at 20°@r&ded
nitrobenzene vapours were generated by conduc@id/b
of air through undiluted nitrobenzene at 20°C. ahénald
demonstrated enhanced respiration, paleness gkithend
passivity during the exposure. All rats survived aong
hour after exposure all had recovered. Necropsheaend
of the 14-days observation period revealed | no
macroscopically visible changes.(Hoechst AG 1p81,
unpublished report)

The saturated vapowoncentration (SVC) of nitrobenze
as calculated below is equal to 1.014 mg/l. Havmmind
possibility of mist formation the actual exposuggdl could
be even slighlty higher that 1.014 mg/I.

Having in mind that none of the 12 animals expd®ed/
hours died within a 14-day observation period tl@&,Lof
nitrobenzene after 4 hour inhalation exposure nhe
above this concentration. This hypothesis is stfegby 4
fact that the time of exposure (7 houwgys almost twi
times longer than 4 hounshich is required in standg
acute inhalative toxicity tests

dog; In 1919 "fumigation" experiments were conductedhiv
rabbit; dogs, rabbits, guinea pigs, rats, cats, hens, pgemnd
guinea  pig certain parasites. The following conclusions wetatesl
rat; "Apart from a possible disturbance of the digegtive
cat; functions and a possible asphyxia due to diredbacn the
hen; blood, most of the symptoms of poisoning by nitirotend
pigeon; may be explained on the basis of disturbances ef th
certain cerebellum or cerebellar path. Inhalation of nigwbeng
parasites vapours in toxic doses produces chromatolytic deggior]

of the Purkinje cells of the cerebellum. Microsapi

examinations have shown only the degeneration| and
morphological changes in the erythrocytes. The sizéhe
lethal dose depends on certain conditions suchhas t
amount and kinds of fat in the blood. These coodd
govern the concentration of nitrobenzene in thénitic of
the nerve cells. A latent period clapses between
administration of nitrobenzene and the onset of| the
symptoms of poisoning"”.

(Chandler 1919)

The saturated vapour concentration (SVC) for a titelssubstance (nitrobenzene), have been
calculated according the equation provided in tad@nce on the Application of Regulation (EC)
No 1272/2008 (see Section 3.1.2.3.2): SVC [mgl}6412 x MW x VP. Taking into account:

MW — molecular weight in g/mol = 123.06
VP - vapour pressure in hPa at 20°C = 0.2

SVC itrobenzene= 0.0412 x 123.06 x 0.2 = 1.014 mg/I
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The saturated vapour concentration at 20°C foobénzene is 1.014 mg/l, however at 25°C it may
be as high as 1.93 mg/l . The data presented tipees.2.2.2 of Background document indicate
that LG for rats exposed for 3 and 7 hours hour to sadratapour concentration (SVC) of
nitrobenzene would be higher than 1.5 mg/l, andtnposbably higher than 3mg/l (BASF AG,
1977). Therefore based on these data it wouldabieer difficult to state that acute inhalative
toxicity of vapour of nitrobenzene meets the dfasgion criteria for T, R23 within DSD being
for gases and vapours 0.5 <4gD< 2mg/l/4hr, or CLP criteria for Acute Tox. 2 beiAdp < LDy

< 2mg/l/4hr because of lack mortality of rats imditions corresponding to upper limit of a D
range defined in this criterion.

Even after large extension of time of inhalationp@sure to 8 hour at saturated vapour
concentration (SVC) at 23.1°C none of 6 rats didoechst AG, 1977). None out 12 rats died after
7-hour exposure to SVC of nitrobenzene at 20°CHpBchst AG, 1981).

According to Guidance on the Application of Reguaat(EC) No 1272/2008 (Annex I: 3.1.2.3.
“Specific considerations for classification of stdyxes as acutely toxic by the inhalation route”,
page 197) an L&well below the SVC will be considered for classfion according to the criteria
for vapours; whereas an kftlose to or above the SVC will be considered fassification

according to the criteria for mists

5.2.3 Acute toxicity: dermal

5.2.3.1 Human data

Five babies aged between 16 days and 11 weeksexpmsed to a cloth that was marked with a
hospital stamp that contained nitrobenzene. Theiebalkxhibited cyanosis, irregular pulse,
breathing problems and convulsions. Two of the babies with skin problems (no further details)
showed more severe signs than the other threeualitleout skin problems. All babies recovered
within a few days (Ewer 1920).

A 2-year old boy developed a dirty, greyish blueao of the skin, lips, and nails after he had worn
shoes for a few hours that had been dyed with beimaene. While asleep he had wet his shoes and
socking. His breathing was shallow and irregulathwshort periods of apnoea. The boy was treated
by rest in bed and by oxygen inhalation. The next his colour was normal (Levin 1927).

As recently as 1993, in Saudi Arabia a two-month-bhby developed a chocolate-coloured
cyanosis but was otherwise healthy-looking with evadence of pulmonary, cardiac or central
nervous symptoms. Methaemoglobin level was 31.996.Mother admitted that she had rubbed the
child with "Oleum Dulcis", a locally available haol which is imported from India. This mixture
had a strong almond odour and contained 1% ofbetmpene. As the patient was asymptomatic
apart from being cyanosed, he was observed witiheatment. The methaemoglobin level dropped
during the three day period (Mallouh and Saret@3).9

A girl received a lice treatment with a nitrobengamntaining oil. After the third treatment thel gir

had developed a cyanosis and her room had the addaitter almonds. The expired air also had
the odour of bitter almonds. Urine contained uiiabéind urobilinogen. The girl recovered within

about 2 days (Bohland 1919).

The case reports described here indicate an abilitytrobenzene to penetrate through undamaged
human skin , even from diluted solutions, leadingformation of methemoglobin and visible
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cyanosis which somehow act as a warning signalrgao cessation of exposure. In all cases the
induced symptoms disappeared in few days withouicaé treatment, except in one case, after
cessation of exposure and no permanent damageepagead in the acutely intoxicated children
after recovery.

5.2.3.2 Animal data

Species |LDsg Observations and remarks
(mg/kg)
rabbit 760 Dermal LD50 values were calculated fabhits resulting in 760 mg/kg bw.

Doses of 560, 760 and 1000 mg/kg bw in ethanol werenally applied to the
clipped skin of 5 rabbits per dose in a well-vextgt area (chemical hoods) to
minimize inhalation hazard to both experimenterd animals. Ventilation was
maintained throughout the animal exposure periahieffort to keep conflicting
inhalation effects at a minimum. The dosage sleewexe secured with extra
layers to retard evaporation due to the increasad@ement. The animals were
immobilized during the exposure period of 24 hotts.mortality occurred after
application of 560 mg/kg and 4/5 rabbits died eaffer application of 760
mg/kg and of 1000 mg/kg. Clinical signs included nifestations of
methaemoglobinaemia with symptoms evident withiesléhan 20 minutgs.
Animals that died (deaths within 4 days) exhibitetthargy and collapse as well
as loss of motor coordination. Surviving animalsndastrated lethargy apd
persisting discolouration of skin and eyes. Witlainpre-screening test, blue
discolouration of skin and eyes were observed afégmal application of 330
mg/kg to one rabbit. Data on necropsy are not raeatl.

(Harton and Rawl 1976)

rabbit 301 In a Draize test with 6 rabbits a quantity of 0.bafundiluted nitrobenzene wj
occlusively applied to the skin efch rabbit for an exposure period of 24 hd
Three of the animals died within 2 days exhibitaigns of cyanosis.

The results of this Hoechst AG 1977 unpubliskedly reported by the Dosg
Submitter in section 5.3.1. Skin Irritation indieathat LR, of undiluted
nitrobenzene applied for 24 hours by dermal rogteats 301mg/kg bw.

rat 2100 A dermal LB of 2100 mg/kg bw was detected in a percutaneopéicagion
study with female rats using undiluted nitrobenzdgme further technicdl
information). Mortalities occurred between 12-72ahd loss of weight and
cyanosis were observed as clinical signs. No meiahip was observed betweéen
dose applied and time of death. At necropsy, hyeia of the parenchymatdus
organs was detected. Histology revealed parenclyymategeneration and fatty
degeneration in liver and kidneys. Formation of memoglobin was assesged
after dermal application of 2100 mg/kg and demeaistt a 16% elevation afer
half an hour, 25% after 1 hour and 35% after 2 fointensive formation of
Heinz bodies was observed after 24 h.

(Sziza and Magos 1959)

The case reports described in this background dentinmdicate an ability of nitrobenzene to
penetrate through undamaged human skin, even fituted solutions, leading to formation of
methemoglobin and visible cyanosis which somehavaa@ warning signal leading to cessation of
exposure. In all cases the induced symptoms desapd in few days without medical treatment,
except in one case, after cessation of exposurenandermanent damage was reported in the
acutely intoxicated children after recovery.
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The reported dermal Ldg for rats equal to 2100mg/kg and to rabbits amaor801 mg/kg and to
760 mg/kg.

524 Acute toxicity: other routes

5.2.4.1 Comparison With criteria
Acute Oral toxicity :

Based on a case-study of Harrison (1977) descritgogvery of a man who ingested nitrobenzene
in an approximate dose of 400mg/k after intensieglical treatment, it might be assumed that this
dose could be lethal to man without medical treatmi another case a man has survived, after
medical treatment, oral intake of 200 ml ( 240g) rfrobenzene corresponding roughly to
2409g/70kg = 3400mg/kg. In two other case studidgs(ak et al. 1971; Kumar et al. 1990) patients
survived oral intake of 50ml and 30-40ml of nitrakene, which is equal 60g and 36-48g of
nitrobenzene. These data may allow to assume that léthal-without treatment dose of
nitrobenzene could be equal to 60 000mg/70kg Zn&ffkg and 42 000mg/70kg = 600mg/kg. The
lowest dose of nitrobenzene reported to induceossriintoxication of a women was equal
approximately to 230mg/kg (Parkes and Neil,1953).

Having in mind the known interspecies variatiorsensitivity to toxicity of chemicals believed to
be well estimated by a factor of 10, it may be o@able assumed that nitrobenzene even at doses
lower than 230mg/k (Parkes and Neil, 1953) may dr@ssly toxic to humans. Thus the doses
inducing serious toxicity in humans may be muchdotihan a range of median lethal doses for rats
used as criteria for classification of acute tayici

In addition it is known that humans are more seresithan rats to MetHb- formation under
influence of chemical substances. The lowest dogk of aniline significantly increasing level of
methemoglobin (from 1.2% to 2.5%) in human volurdeeeceiving this substance once a day for
three consecutive days was 25 mg/man, which mayxdmerted to 25mg/70kg= 0.36mg/kg
(Jenkins et al., 1972 quoted from Aniline EU RisksAssment Report, ECB, 2004) . The lowest
dose of aniline causing a slight increase in Metiilats (3.3% versus 2.4% in controls) amounted
20mg/kg (Jenkins at al., 1972 from ECB, 2004). Thumans are 56 times (20mg/kg/0.36mg/kg)
more sensitive to Met-Hb formation than rats, whach used to determine medial lethal doses as a
basis for classification of acute toxicity. Thigioaof sensitivities to Met-Hb formation between
humans and rats is much higher than 10 usualgntak a default value for interspecies differences
in susceptibility to toxic action of chemicals (idance). Higher susceptibility of humans is likely
to be consequence of the interspecies differencethea activity of methaemoglobin reductase,
which reduces methaemoglobin to haemoglobin. Thigigcof this enzyme is five and ten times
higher in rat erythrocytes and mouse erythrocytespectively than in human erythrocytes (Smith,
1986 quoted from ECB, 2004) ).

Taking into account that formation of Met-Hb, irsppnse to a single exposure to nitrobenzene,
may cause secondary toxic effects in internal msgaich as spleen, liver, kidney, brain and lungs,
the high difference between humans and rats inepti®ility to induction of Met-Hb should be
taken in hazard classificaon.
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Therefore, in the opinion of RAC the classificatidarived solely on animal data - Xn with a risk
phrase R 22 Harmful if swallowed (DSD) and AcuteT4 with hazard statement H302 Harmful if
swallowed — should be made relevant to humanseftett higher sensitivity of humans, thus acute
oral toxicity of nitrobenzene should by classifiedR26 Toxic if swallowed (DSD) and Acute Tox.
3, H301 Toxic if swallowed.

Acute inhalation toxicity:

The case-study provided by Henderson and Hagg@4d3jlindicate that one hour exposure of
humans to nitrobenzene in the concentration ca/lLmbich is slightly below the saturated vapour
concentration (SVC) of nitrobenzene equal to 1.@igll at 26C did not resulted in a serious

alteration of health, which most probably meang tieserved symptoms did not require medical
treatment and were not interpreted as a serioesttho health.

The saturated vapour concentration at 20°C foobénzene is 1.014 mg/l, however at temperature
of 25°C it may be as high as 1.93 mg/l . The dassented in section 5.2.2.2 of Background
document indicate that LC50 for rats exposed foar@®l 7 hours hour to saturated vapour
concentration (SVC) of nitrobenzene would be highan 1.5 mg/l, and most probably higher than
3mg/l (BASF AG, 1977). Therefore based on theda dawould be rather difficult to state that
acute inhalation toxicity of vapour of nitrobeneemeets the classification criteria for T, R23
within DSD being for gases and vapours 0.£D50 < 2mg/l/4hr, or CLP criteria for Acute Tox.

2 being 0.5 LD50 < 2mg/l/4hr because of lack mortality of rats imdiions corresponding to
upper limit of a LD50 range defined in this critari

Even after large extension of time of inhalationp@sure to 8 hour at saturated vapour
concentration (SVC) at 23.1°C none of 6 rats diedechst AG, 1977). None out 12 rats died after
7-hour exposure to SVC of nitrobenzene at 20°CGHoBchst AG, 1981).

According to Guidance on the Application of Reguaiat(EC) No 1272/2008 (Annex I: 3.1.2.3.
“Specific considerations for classification of stdyxes as acutely toxic by the inhalation route”,
page 197) an L& well below the SVC will be considered for clagsiiion according to the criteria
for vapours; whereas an kg£close to or above the SVC will be considered flassification
according to the criteria for mists

The data of DuPont report (1981) indicate thatd-Gor rats of a mixture of mist and vapour of
nitrobenzene equals 2.847 mg/l which is within agenof 1.0 < LIgy <5 mg/l/4hr which is a
criterion for category Harmful “Xn” and risk phraB20 within DSD system as well as criterion for
Acute Tox. 4 and with hazard statement H332 witBicP system. The results of other animal
studies on acute inhalation toxicity also suppodhsa classification.

Taking into account that formation of Met-Hb, irspense to a single exposure to nitrobenzene,
may cause secondary toxic effects in internalmsgaich as spleen, liver, kidney, brain and lungs,
the high difference between humans and rats inegtibility to induction of Met-Hb should be
taken in hazard classification.

Therefore, in the opinion of RAC the classificatidarived solely on animal data - Xn with a risk
phrase R 20 (DSD) and Acute Tox. 4 with hazardestant H332 Harmful if inhaled — should be
made relevant to humans and reflect higher seitgitosf humans, thus acute oral toxicity of
nitrobenzene should by classifi#gdR23 Toxic by inhalation (DSD) and\cute Tox. 3, H301 Toxic if
inhaled.
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This classification is in agreement with the exigtclassification, a proposal of Dossier Submitter,
opinion of TC C&L and opinions some MSCAs expresdedng public consultation.

Acute dermal toxicity:

The case reports described in background documdidaite an ability of nitrobenzene to penetrate
through undamaged human skin, even from dilutedutisois, leading to formation of
methemoglobin and visible cyanosis which somehavaa@ warning signal leading to cessation of
exposure. In all cases the induced symptoms desapd in few days without medical treatment,
except in one case, after cessation of exposuienanpermanent damage was reported in the
acutely intoxicated children after recovery.

The reported dermal Ldg for rats equal to 2100mg/kg and to rabbits amaor801 mg/kg and to
760 mg/kg. The lowest reported kfequal 301mg/kg falls into a range of 50 — 400mgykigich is
according to Directive 67/548/EEC a criterion ofeggory Toxic “T” with risk phrase R 24 - toxic
in contact with skin

However, the criteria for acute dermal toxicity awtng to CLP regulation are different. Taking
only into account study on rats nitrobenzene cawtibe classified to acute dermal toxicity since
dermal LDy for rats (2100mg/kg) is outside classificationgarfor category Acute Tox. 4 equal
1000 -2000 mg/kg in CLP Regulation, what demonstthe rats are not appropriate model for
assessment acute dermal toxicity for humans. Basedgtudy on rabbits nitrobenzene would be
classified into category Acute Tox. 3, H311 sina#hbLD50 for rabbits (301 mg/kg and 760
mg/kg) are within a range of 200 — 1000 mg/kg. ifigkas basis results obtained in more sensitive
species the classification for dermal toxicity Aetox 3 with a hazard statement H311 is proposed
which is in agreement with a proposal of the dossikmitter.

This classification is in agreement with the exigtclassification, a proposal of Dossier Submitter,
opinion of TC C&L and opinions some MSCAs expresskaing public consultation.

Conclusions on classification and labeling
Proposed classification for acute toxicity basedaective 67/548/EEC criteria

T, Toxic, R23/24/25 — toxic by inhalation, in cocttavith skin and if swallowed
Proposed classification based on Regulation (EC)Y2&2/2008 criteria

Acute Tox. 3 - H301 Toxic if swallowed

Acute Tox. 3 - H311 Toxic in contact with skin
Acute Tox. 3 - H331 Toxic if inhaled
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5.3 [rritation

5.3.1 Skin

Species

No. of | Exposur
animals | e time

(h/day)

Conc.
(wiw)

Dressing:
(occlusive,
semi-occlusive
open)

Observations and remarks (specify degre
and nature of irritation and reversibility)

D

rabbit

occlusive

Nitrobenzene demonstrated afight loca
irritant properties in Draize tests with rabb

Very slight irritation was detected after
hours occlusive exposure of rabbit skin
0.05 ml (20 mg) “chemically pur
nitrobenzene (6 rabbits). At the 24-hg
observation time mild irritation grade 1
detected which had reversed at the 48 H
observation time.

(Sziza and Magos 195

its.

24
to

11°)

urs
as
ours

0)

Rabbit

24

occlusive

In a second Draize test véthrabbits
guantity of 0.5 ml of undiluted nitrobenzq
was occlusively applied to the skin of e
rabbit for an exposure period of 24 ho

h
ne

ach
Irs.

Three of the animals died within 2 days

exhibiting signs of cyanosis. Slight s
irritation was detected. In a similar test v
a 10% dilution of nitrobenzene in sesamg
no mortality occurred, the anim
demonstrated mild skin irritation (irritati
index 1.2 according to FDA regulations)

(Hoechst AG 1977, unpublished rep

The results of this study using undiluted
nitrobenzene can be used to estimategyldd
nitrobenzene by dermal route, taking into
account that dermal exposure lasted 24
hours. 50% mortality was observed at the
dose of 0.5ml, ofindiluted nitrobenzene wi
relative density 1.2037, per rabbit of
approximately 2kg bw. Thus L of
nitrobenzene would be 0.5ml x 1.2037
ml/g/2kg = 301mg/kg bw.

Kin
ith
oil
hls
DN

Drt)

Conclusion: R-phrase none (see Summary and discuss).

5.3.2 Eye
Species | No. of |[Exposure] Conc. | Observations and remarks (specify degree and naturié
animals| time (wiw) irritation, any serious lesions, reversibility)
(hours)(]
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Species

No. of
animals

Exposure
time
(hours)(]

Conc.
(wiw)

Observations and remarks (specify degree and naturié
irritation, any serious lesions, reversibility)

rabbit

6

In a Draize eye test with 6 rabbits 0.1 ml nitrabmme wa
instilled into the conjunctival sac of eachiral. Conjunctiva
irritation was highest 1 hour after instillationrifiation index
of 2 according to FDA regulations). The substarscasisessd
as "causes no conjunctival irritatiordiccording to FDA
regulations (no further information).

(Hoechst AG 1977

rabbit

Two rabbits were tested in a secondZ@raiye test using O.
ml of "chemically pure" nitrobenzene each. Slighmjenctiva
irritation disappeared within 48 hours, no corriealons wer
observed.

(Sziza and Magos 195

Rabbit

One rabbit was tested in a third Draye test with 0.1 ml (
undiluted nitrobenzene. A moderate area of slightnea
opacity was observed at the 1-hour observation,timid
conjunctival redness and slight conjunctival swelliwag
detected. The eye returned to normal within one. daya
parallel test with one rabbit the eye was washede&tbnd
after instillation of the substance demonstratieggslirritatior
than the unwashed eye.

(DuPont de Nemours Co. Inc. 1977, unpublished t¥

[*2)

or

In vitro:

In a study investigatingn vitro alternatives to the Draize t
for eye irritation was concluded that nitrobenzemald b4
considered as a non-irritant according to the HEAIMQest,
test performed on the chorioallantoic membraneeof éggs

(Spielmann et al. 1991).

pSt

Conclusion: R-phrase none (see Summary and discuss).

5.3.3 Respiratory tract

No data available

534 Summary and discussion of irritation

Nitrobenzene is not a corrosive substance. Veghslto slight skin irritation was observed in

rabbits; three out of six rabbits died after a &duhocclusive exposure with 0.5 ml undiluted
nitrobenzene after exhibiting signs of cyanosigyt#leye irritation was observed in rabbits which
disappeared within 24 hours. None of the tests werelucted according to OECD TG 404/405.
Nevertheless, from the data presented here it eanobcluded that a classification and labelling for

irritation/ corrosion is not warranted.

Data on effects on the skin and eyes of humansatravailable, but data obtained from the case
reports do not warrant a classification and labglfor these effects either.
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5.3.5 Comparison with classification criteria

According to Directive 67/548/EEC to be classifaed“Irritating to skin” a substance after exposure
period for up to 4 hour should induce significarftammation on rabbit skin with a mean values of
scores for either erythema and eschar formatiamedema of 2 or more, which was not observed
in tests in which dermal exposure lasted even longéherefore, no classification is warranted.

The symptoms observed on rabbit skin did not aksach any of the skin irritation criteria
determined in Regulation 1272/2008 such as:

(1) Mean value of 2,3 -< 4,0 for erythema/eschar or for oedema in at |12ast3 tested animals
from gradings at 24, 48 and 72 hours after patatoral or, if reactions are delayed, from grades
on 3 consecutive days after the onset of skin i@astor

(2) Inflammation that persists to the end of thservation period normally 14 days in at least 2
animals, particularly taking into account alopeflimited area), hyperkeratosis, hyperplasia, and
scaling; or

(3) In some cases where there is pronounced vhtyabf response among animals, with very
definite positive effects related to chemical expesin a single animal but less than the criteria
above.

Nitrobenzene after instillation into eye of rabitl not produce effects meeting criteria set in the
Directive 67/548/EEC for a substance considerathiimg to eyes with a risk phrase R 36. The
mean scores of the eye irritation tests was beloywoé the following values:

—cornea opacity equal to or greater than 2 buttless 3,

— iris lesion equal to or greater than 1 but netager than 1,5,

— redness of the conjunctivae equal to or greatan 2,5,

— oedema of the conjunctivae (chemosis) equal greater than 2,
Therefore, no classification is warranted.

The symptoms observed after instillation of nitnobene into rabbit eye did not also reach any of
the criteria determined in Regulation 1272/2008ctegory for reversible eye effects such as:

- at least in 2 of 3 tested animals, a positigpoase identified as corneal opacity and/or iritis>
1, and/or conjunctival rednegs2 and/or conjunctival oedema (chemosis} calculated as the
mean scores following grading at 24, 48 and 72 $iaifter installation of the test material, and
which fully reverses within an observation perid®b days

5.3.6 Conclusions on classification and labelling

The properties of nitrobenzene do not warrant dlaason for skin or eye irritancy neither in DSD
nor in CLP classification system

5.4 Corrosivity
See 5.3.4
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55 Sensitisation

551 Skin

In a review paper on allergies caused by aromatim@ and nitro-chemicals it is mentioned that
the potential of nitrobenzene to cause cross-mggctin patients that were sensitised by p-
phenylenediamine or azo-dyes was low. Three wegklsitive cases out of 15 patients were
reported (Schulz 1962, test concentration: 1%;alehiot mentioned).

Species | Type of test| No. of Incidence of reactions observed
animals
guinea pig| ear-flank test 6 An ear-flank test wigninea pigs resulted also in no skin

sensitisation: A 10% dilution of nitrobenzene inmdihyl
formamide was applied over three days to the daéyainea pigs
the flanks were challenged one week later. Thehergatous
reaction produced 24 hours after challenge was i@te compare|
with that in unsensitized controls. In this compiasa study, thg
method is reported to demonstrate good reproducésalts with
many classes of chemical compounds. However, thebau of]
tested animals is too low according to internatiocdteria
(ECETOC 1999).

P

(Stevens 1967)

Additional data: QSAR

The existing data are not sufficient to assess pbeential of
nitrobenzene to cause sensitisation. Hence, alsearstructurally
related compounds, which are known to cause seabith, was
performed. In the paper from Schlede et al. (206i%)substancds
are listed, which consist of a benzene ring andprgmother
substituents, contain a nitro group. These strastuivere
categorised as "significant contact allergen” (structures) of
"solid-based indication for a contact allergenicteptial” (one
structure). Most closely related to nitrobenzenee a2,4-
dinitrochlorobenzene and  2,4-dinitrofluorobenzene botl
categorised as "significant contact allergen”). K8tter et al
(1996) reported that dichloronitrobenzene, whicls lwae nitrd
group, shows a reduced potential to cause skinitsati®n
compared to 2,4-dinitrochlorobenzene. However, eéhstsuctural
data indicate that also nitrobenzene may bear ssemsitising
potential. Furthermore, p-aminophenol, an importaatabolite o
nitrobenzene, is categorised as "significant cardbergen”.

(Schlede et al. 2003)

Conclusion: insufficient data; R-phrase none (seeutnmary and discussion).

5.5.2 Respiratory system

No data available
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5.5.3 Summary and discussion of sensitisation
Skin
The animal data are insufficient to assess theinsir property of nitrobenzene to cause
sensitisation, since the available studies (eakfi@st) were performed with methods that do not
meet international guideline requirements and arssidered to be too insensitive. In humans, three

weakly positive cases out of 15 patients were tepoirom a study on cross-reactivity. These data
are insufficient to conclude on classification.

This lack of knowledge is paired with a concermirseveral structurally related compounds which
are known to cause skin sensitisation. In case Wuwakers or consumers may be exposed to
nitrobenzene, the conduction of a Local Lymph NAdseay (LLNA) or a Magnusson Kligman Test
should be considered within a substance evalugttmeedure to appropriately assess the skin
sensitisation potential of nitrobenzene.

554 Comparison with classification criteria :

The studies described above on skin sensitizattopgpties of nitrobenzene were not performed
with methods described in Council Regulation (EQ) #40/2008 or equivalent, internationally
recognized methods. The effects observed in thesdable studies for nitrobenzene are not
sufficient to assess sensitization properties inbbenzene.

5.5.5 Conclusions on classification and labelling

The available data are not sufficient to concludelassification

5.6 Repeated dose toxicity

5.6.1 Repeated dose toxicity: oral

Species/ Dose Duration |Observations and remarks (effects of major toxicolgical
strain, (mg/kg bw,|of significance)
group size |mg/kg diet) |[treatment
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rats F344 |0, 5, 25, 1288 d Blood: anaemia (RBC haemoglobin, haematocritt, MCV1,
(6m+6f) (gavage |(plus 2reticulocytes, leucocytosis 25 mg/kg (no methb data)
ma/kg weeks  OfLiver: extramedullary haematopoiesjs Kupffer  cel
bw/day) |recovery fofpigmentation at 125 mg/kg, liver weight>5 mg/kg
control andspleen:  pigmentation  (haemosiderosis)  extramedullary
high  doséngematopoiesis congestion 5> mg/kg
groups)  |spleen weight >25 mg/kg
Testis: Tubular degeneration& atrophy,
hypospermia at 125 mg/kg
Kidneys: brown pigmentation in tubules (haemosiderosis) 2
mg/kg
CNS: cerebellar spongiosis and perivascular pigmennteadiol 25
mg/kg
Other resultspremature death(1/6 f), decreased movement| pale
skin, gait abnormalities, reduced body weight & lpain &
thymus atrophy at 125 mg/kg
LOAEL 5 mg/kg
(Shimo et al. 1994)
Mouse 0,30,100, |14d Blood: RBC! at 300 ma/kd,
B6C3F1 300 MCH?1 MCV1, reticulocytes >100 mg/kg
(7-81) (gavage (no methb data)
mag/kg Liver: hydropic degeneration, haemosiderin pigmentatioB0&
bw/day) mg/kg
Spleen: haemosiderin pigmentation, extramedullary
haematopoiesis& congestion red pali®d0 mg/kg
Testis:ND
Kidneys:[]
CNS:ND
Other results: morbidity at 300 mg/kg, bone marrow: g¢ell
countg, proliferation rate & number of monocytic/granulocytic
stem cells >30 mg/kd
altered immune response$08 mg/kg
LOAEL 30 mg/kg
(Burns et al. 1994)
Mouse 38, 14d Range finding study:
B6C3F1; 300,
Rat 600 mg/kg Other resultsmortalities or sacrificed in a moribund status @0|6
Fischer-344 |bw/day mg/kg (rats & mice) and at 300 mg/kg (rats). Trdasmimal$
(m-+f) (gavage) were inactive, ataxic, prostate, cyanotic and dgepm Reduced
weight gain in mice at37.5 mg/kg.
Liver, spleen, lung, kidney, braisignificant histological changgs
in both species (no further details).
(NTP, 1983a, cited from EHC Report 2003)
Mouse 0, 19, 38,13 weeks |[_Liverweightincrease significant in all female doseup®and i
B6C3F1 75, 150, 300 two highest groups of male mice.
(10m+10f) |[mg/kg Brain: acute necrosis in vestibular nucleus in 1 maB9&tmg/kd
bw/day Other resultsmortalities in week 4 and 5. Clinical signs incldfle
(gavage) ataxia, lethargy, dyspnoea, convulsions, irrit@piland rapid
head-bobbing movements.
(NTP, 1983a, cited from EHC Report 2003)
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Rat 0, 9.4, 19,13 weeks Brainlesions in brain stem areas (facial, olivary & timdar
F-344 38, 75, 150 nuclei), cerebellar nuclei consisting of demyelioat loss of
(10m+10f) |mg/kg neurons, varying degrees of gliosis, haemorrhageasiond|
bw/day neutrophil infiltration and occasionally haemosiddader
(gavage) macrophages.
Other resultsmortalities (7 males, 1 female) and sacrificatioe|d
to moribundity in week 6-9 (2 females) and in wekk13 (3
males) at 150 mg/kg.
Clinical signs: ataxia, left head tilt, lethargyembling, circling
dyspnoea, cyanosisar5 mg/kg.
(NTP, 1983a, cited from EHC Report 2003)
Rat 0, 20, 6054 dlOECD Combined Repeat Dose and Reproductive/ Denedofa
Sprague- 100 mg/kg|(females: |Toxicity Screening test protocol, TG 422:
Dawley bw/day throughout |Effects in surviving males sacrificed on day 442r
(10m+10f) |(gavage) |premating |Blood: RBC!, haemoglobin, haematocriti at 100 mg/kd,
(14d), MCHt MCV1, reticulocytes, erythroblasts, leucocyte na.
mating(14d|>60 mg/kg
), gestationLjver: serum cholesteral at 100 mg/kd, liver weight (all dosé
(22d)  andgroups),centrilobular swelling of hepatocytes, hasidterir]
lactation | deposition in Kupffer cells, extramedullary haenpatesis
(4d), malesspleen: weight + (all dose groups), extramedullgry
sacrificed |haematopoiesis and haemosiderin deposition (alsthe'nrenfj?
on Day 4ltpular epithelium and bone marrow)
or 42) Brain: neuronal necrosis and gliosis in nuclei areaseoélmellaf

medulla and pons at 60 mg/kg (3/10 males) and @t rii@/kd
(10/10 males)

Testes:atrophy of seminiferous in 10/10 males>80 mg/kg an
in 1 male at 20 mg/kg

Other resultsmortalities (2 males) at 100 mg/kg on Day 21
35

LOAEL: 20 mg/kg

S

(Mitsumori et al. 1994, cited from EHC Report 2003)

A 28-day repeated dose toxicity study of nitrobenze in F344 rats (Shimo et al. 1994).

and

Nitrobenzene at dosages of 0, 5, 25 and 125 mgkgis administered in a 28-day repeat dose
toxicity study on male and female F344 rats. Alisrin each group consisting of 6 males and 6
females received a daily intragastric administratad this chemical for 28 days. Additional two
groups of animals exposed to 0 and 125 mg/kg/dane weed for examinations of subsequent
recovery for 2 weeks.

Decreased movement, pale skin, gait abnormalitelsceecreased body weight gain of their gains
were seen in the 125 mg/kg group.

Hematology revealed decreases of RBC, Hb and Hiter25 and/or 125 mg/kg groups.

Hematologic and clinical chemistry parameters in r¢és treated with nitrobenzene for 28
days, with or without a recovery period of 14 days

28-Day dosing stud§ 14-Day recovery group

Parameter Control 5 mg/kg 25 mg/kg 125 mg/kg Control 125 mg/kg
Males

RBC (x 10/mms) 761+ 117 670 £ 54 524 +36 412 +54 727 + 93 724 + 100
Hb (g/dL) 16.9+0.6 16.6 + 0.6 145+05 14.2+0.5 16.7+0.7 17.7 £ 06
Hct (%) 41.6+6.3 35.6+3.3 323+2.4 349134 38.2+4.9 45.7 £ 66
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MCV (fL) 54.7+0.8 53.0+0.9 61.3+27 84.8+55% 527+1.4 63.0+1.4
WBC (x 16/mnms) 44 +14 45+ 8 122 +44 1426 +52% 46 +5 40 +16
Females

RBC (x 10/mn) 708 + 63 718 +129 635+ 126 458 443 694 +79 674 + 86
Hb (g/dL) 175+0.9 16.3+1.0 155+0.6 145+0.8 16.8+0.4 18.0+1.2
Hct (%) 38.1+3.2 37.8+6.5 37.7+7.4 3534 36.7+4.6 395+5.1
MCV (fL) 53.8+1.2 52.7+05 595+3%6 77.2+1.6 52.8+0.8 58.3 +52
WBC (x 1&/mnms) 40 + 12 43 +8 73 +44 1990 + 208 42 +4 47 +6

a

Values are means + standard deviations for six alsiigroup, except for the 125 mg/kg-day female graith five
animals. The limited information available did mtdrify the disposition of the additional femalatlapparently started
on study in the 125 mg/kg-day group.

b

p < 0.01 versus controls, as calculated by the asthor
Cc

p < 0.05 versus controls, as calculated by the astl8wurce of data: Shimo et al. 1994

In the organ weight, increases of the liver, spldedney weight and decreases of the testis and
thymus were seen in the 125 mg/kg group.

Histopathology revealed spongiotic changes and brpigmentation in perivascular region of the
cerebellum, increased extramedullary hematopoiekithe liver, brown pigmentation of renal
tubular epithelium and degeneration of seminifertolmgilar epithelium and atrophy of seminiferous
tubule in the 125 mg/kg group.

Livers of both sexes in the high-dose group hadreged incidences of extramedullary
hematopoiesis in 5/6 males an 2/5 females and bmgmentation in Kupffer's cell 5/6 males and
4/5 frmales.

The only histopathology finding in the kidney okthigh-dose group animals was moderate brown
pigmentation in the tubular epithelium in both se&/'6 males and 5/5 females).

In the 125 mg/kg group all 6 males had severe cxiiaye severe increased brown pigmentation
and severe extramedullary haematopoiesis in sphedile in females these alterations occur
respectively in 5 (severe congestion), 2 (severeeased brown pigmentation) and 5 females.

In the 25 mg/kg group histopatological alteratiorese seen mainly in spleen: 4 out of 6 males and
4 out of 6 females had moderate congestion, 5 b6t males and all 6 females had moderately
increased brown pigmentation in red pulp of spleed all animals had moderately increased
extramedullary haematopoiesis in spleen. 3 oub démale rats in the 25 mg/kg group had

moderately increased haematopoiesis in bone marrow.

In the 5 mg/kg group no histopatological changeseviieund in internal organs except moderately
increased extramedullary hematopoiesis in spleénaft of 6 males and 3 out of 6 female rats, and
moderately increased hematopoiesis in bone mamdwout of 6 female rats.

However, the most sensitive changes were dose-depehematologic changes (see table above).
There were approximately 30 % reductions in RBCnton 25 and 125 mg/kg group, hematocrit
(Hct), and 13 % - 16% reduction in Hb concentratior25 and 125 mg/kg group, in addition to
increases in MCV and the WBC count; metHb concéntra were not reported.

The NOAEL and LOAEL for these reported changes ating to US EPA (US EPA, 2009) were 5
and 25 mg/kg-day, respectively.

Comparison with classification criteria:

Taking into account that the duration of exposuas wnly 28 days the guidance values for specific
target organ toxicity categories should be incréabkeeefold in comparison with guidance values
for 90-day exposure. Thus, in order to warransgifecation the significant, severe effects should
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be observed in a range of 30 - 300 mg/kg/day (8 x 100mg/kg) for STOT RE 2 and for Xn, R
48/22 at a dose of 150 mg/kg/day(3 x50mg/kg) respectively.

The guidance dose level for classification in STRE 1 based on 28-day study would be below
30mg/kg/day and for Xn, R 48/25 to be below 15mg/kg

In conditions of repeated oral exposure for 28 datyshe dose 125mg/kg nitrobenzene induced
significant toxicological effects such as pallodagait abnormalities, large reduction in RBC count
( -30%), level of haemoglobin (-16%) and hemadtoaccompanied with severe congestion in
spleen, severe or moderate increased brown pigtrmmtan spleen red pulp, increased
extramedullary haematopoiesis in spleen and livemnosiderosis in kidney and cerebellum
spongiotic changes in cerebellum, atrophy of sdemois tubules and degeneration of seminiferous
tubules,. All exposed animals had increased hagugsis in bone marrow. MetHb level was not
measured.

At the repeated dose 25 mg/kg the haematologidattsfin males were comparable with that
induced at 125 mg/kg, but in females the reduatibhaematological indices were less pronounced
than in females exposed at 125 mg/kg. Histopatoldgffects at the dose of 25 mg/kg were limited
to spleen where moderate congestion, increasednbmgmentation and moderately increased
extramedullary haematopoiesis were observed .

At the dose of 5 mg/kg reduction of haematologindices was not statistically or toxicologically
significant. The histopatological changes were tihi to moderately increased extramedullary
haematopoiesis in spleen in 50% of animals and feneles exhibited moderately increased
haematopoiesis in bone marrow.

Thus severity of effects observed at the dose6frig/kg meet criteria defined in section 3.9.2.7.2
of Annex i of CLP Regulation: any consistent andngicant adverse changes in clinical
haematology or significant organ damage noted atopsy. The toxic effects observed at the dose
of 25mg/kg should be considered as reversible,lsthahges in haematology and adaptive changes
in internal organs that are not considered toxigicially relevant.

The observed effects warrant classification ofafiémzene in category STOT RE 2 or in category
Xn,R48 taking into account that severe effecthatdose of 125 mg/kg were observed after 28 days
of exposure , thus below the guidance values fegl$eof oral exposure required for classification
based on 28-day study results for STOT RE 2 3800 mg/kg/day) and for Xn, R 48/2Z (L50
mg/kg/day).

Study of Immunotoxicity of nitrobenzene in female BC3F1 mice (Burns et al. 1994 quoted
according to US EPA, 2009)

Burns et al. (1994) carried out a 14-day gavagdystd nitrobenzene in corn oil in which female
B6C3F1 mice were administered 0, 30, 100, and 3§&gnof the compound. The primary focus of
the study was the immunotoxicity of the compound.

Examination of the mice at autopsy 24 hours atter final exposure showed hepatomegaly and
splenomegaly in the 100 and 300 mg/kg groups, athdhe overall liver changes were slight.

The affected spleens were dark red in color, wiild mmongestion in the red pulp areas and the
appearance of occasional nucleated erythrocytes.

Hemosiderin pigment was noted in the red pulp areasesponse thought to be indicative of
erythrocyte dysfunction.
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A number of apparently compound-related effecthematologic responses to nitrobenzene were
observed, consistent with the concept of the eogiyte as a primary target organ of nitrobenzene
toxicity.

The changes included decreases in erythrocyte nuf@@4 + 0.15 x 106 cellsL in controls
versus 6.94 + 0.14 x 106 cejlt/in mice exposed to 300 mg/kg-day nitrobenzeng)ifereases in
mean corpuscular volume (MCV) (56 + 1 fL in consrekrsus 63.7 = 1.4 fL in mice receiving 300
mg/kg-day) and mean cell hemoglobin concentratd€kib) (18.1 + 0.3 pg in controls versus 20.6
+ 0.6 pg in animals receiving 300 mg/kg).

However, there were no treatment-related changesilinconcentration or hematocrit (Hct).
Although no treatment-related differences in leykedifferentials were observed after 14 days,
there were striking changes in the percentage rotilaiting reticulocytes as a result of treatment
(4.57 £ 0.48% in mice receiving 300 mg/kg versu831lt 0.9% in controls). MetHb was not
evaluated.

Comparison with classification criteria: The reduction in levels of HB did not meet20%
required by CLP and DSD classification criteria fepeated toxicity, and hemosiderin deposits in
spleen of rats exposed at the level of 100 mg/kgrea be taken as meeting classification criteria
defined in the Guidance on the Application of Ragoh (EC) No 1272/2008 because they were
not associated with reduction of Hb10% or with microscopic changes like necrosis;oféis or
cirrhosis

Nitrobenzene (14-day and 90-day gavage studies) kiischer 344 rats and B6C3F1 micéNTP
1983a cited from U.S. EPA (2009)

The National Toxicology Program (NTP, 1983) conedcta 90-day oral gavage study of
nitrobenzene in F344 rats (10/sex/group) exposed, @38, 18.75, 37.5, 75, and 150 mg/kg-day
and B6C3F1 mice (10/sex/group) exposed to 0, 1875, 75, 150, and 300 mg/kg-day.

Fischer 344 rats
Clinical signs of toxicity in rats, such as ataxiad tilt, lethargy, and trembling, were evident,
mostly in animals receiving 150 mg/kg-day and, tesser extent, 75 mg/kg-day.

Nine male and three female rats at the 150 mg/kgeldse level died prior to study completion.
Overall, there was little change in body weightngbhetween control and treated groups, and the
final body weights were not significantly differeinbm controls at any dose level.

Organ weights appeared to have been dose depenaéfeitted by nitrobenzene exposure, most
notably in the case of liver, kidney, and testisa@s). The liver weights and their ratios to body
weight were dose dependently increased over cotdwells and achieved statistical significance
compared with controls at all dose levels. Riglinkly weight was increased over controls at all
dose levels, and the ratio of kidney weight to lfinady weight was significantly increased over
controls at the 9.38, 18.75, and 75 mg/kg-day desels. Right testis weight and its ratio to body
weight were decreased in the 18.75-75 mg/kg dosgera

There were statistically significant changes in sonematologic parameters in rats exposed to
nitrobenzene via gavage. As shown in Tables 5.6and 5.6.1.2 the principal effects were dose-
dependent decreases in hematocrit (Hct), Hb, an@ R&unt and dose-dependent increases in
reticulocyte counts and metHb. In males, these gésachieved statistical significance compared
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with controls at a dose of 9.38 mg/kg-day for mettd Hb and 18.75 mg/kg-day for the other
parameters. In females, the changes achievedtis@tsignificance compared with controls at 37.5
mg/kg-day and above for the RBC count and at 9.3gkgaday for the other parameters.
Toxicologically these effects were mild or moderate they were not exceeding 10% of Hb values
in control rats. The functional reduction of Hb ééwncluding increase in MetHb levels did not
exceed 20% which is a criterion for significantitity for substance inducing haemolytic anemia
according to Guidance on the Application of Redafat(EC) No 1272/2008. However, the
reduction in functional Hb male rats exposed ford@§s due to a combination of Hb reduction and
MetHb increase amounted approximately to 5%, 1&f@ 16% in the 9,38mg/kg, 37.5 mg/kg
and 75 mg/kg groups, respectively. In female fa¢sreductions in functional Hb were even lower
than in males.

Table 5.6.1.1. Hematologic parameters, reticulocyse and metHb levels in male F344 rats exposed
to nitrobenzene via gavage for 90 days

Dose (mg/kg-| Hb (g/dL)? Hct (%)? RBCs (x 105)* | Reticulocytes | MetHb (%) ®
day) (%)°

0 16.24 £ 0.42 47.82 + 3.2 9.06 + 0.41 2.23440 1.13+0.58
9.38 15.73 £ 0.20 44.19 +4.98 9.01 +£0.23 2.62 £ 0.45 2.75%0.58
18.75 15.54 £ 0.3/ 41.84 + 1.88 8.70 + 0.3% 3.72 +0.65 422 +1.15
37.5 14.72 £ 0.30 37.66 + 0.98 7.97 £0.34 4.75 + 0.62 5.62 + 0.85

75 14.87 £ 0.4d 38.08 + 1.96 7.61 +£0.4% 6.84+0.72 7.31+1.44
150 16.2 38 6.31 15 12.22

a
Values are means + standard deviations, where @ m ®ach group except for the 150 mg/kg-day graeith one

b
male. Significantly different from controls, as calculdtky the authors. Source: NTP (1983a).

Table 5.6.1.2. Hematologic parameters, reticulocgs, and metHb levels in female F344 rats
exposed to nitrobenzene via gavage for 90 days

Dose (mg/kg-| Hb (g/dL)a Hct (%) a RBCs (x 10s)a | Reticulocytes | MetHb (%) a

day) (%) a

0 15.82 + 0.22 42.27 £ 3.41 8.39 + 0.49 2.6D3 0.94 + 0.03

9.38 1553+0.20 |39.37+1.26 | 8.05+0.28 3.69+0.32 [ 2.06+0.45

18.75 15.49+0.39 [39.59+1.79 |8.01+0.35 475+0.68 [3.62+1.09

37.5 15.43 + 0.38 38.95+0.68c | 7.83+0.3b 6.28 + 0.90 5.27+0.76

75 14.86 +0.52 | 37.52+1.14 7.33 +£0.30 8.72 + 1.49 6.85 + 2.25

150 15.62 + 0.60 35.88+ 130 | 5.86+0.3b 32.07 + 3.56 12.77 +1.88

For the reticulocyte and metHb effects, statistsgghificance compared to controls was achieved at
all dose levels.

At necropsy, rats receiving 150 mg/kg-day nitrolssme had enlarged spleens. Males at this dose
level had enlarged livers, and those receiving fkgirday and 150 mg/kg-day showed signs of
testicular atrophy.

Histopathologic examination of the major organs tisslies revealed compound-related effects in
the spleen, which appeared to be congested.

Splenic congestion is an abnormality that leadelévated splenic vein pressure, which in turn
results in higher sinusoidal pressure, and is contynabserved in laboratory animals in response to
a variety of circumstances, including agonal deatéthod of euthanasia, or exposure to chemicals
(US EPA, 2009). Administration to rodents of aroimamine-type chemicals (e.g., aniline) may
cause splenic congestion and hemorrhage, whichaecempanied by hemosiderin deposition
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(brown intracellular pigmentation due to insolubi®n), fatty change, and extramedullary
hematopoiesis and fibrosis. These changes havesuggested to result from methemoglobinemia
or accumulation in erythrocytes of toxic metabalitbat are released in the spleen when RBCs are
broken down in the red pulp. Sustained congestianses the spleen to become more firm,
enlarged, and fibrotic and renders the organ stistepo trauma ( US EPA).

Splenic corpuscles, i.e., small nodular massel/maphoid tissue attached to the sides of the
smaller arterial branches (splenic lymph follicleglpighian corpuscles) in spleen of exposed rats
were small, and the red pulp contained hemosid&he.red pulp (also called splenic pulp), which
may act as a reservoir for storing blood, is a swdiss of dark reddish-brown color resembling
coagulated blood, and it is made of a fine retioulaf fibers divided into splenic sinuses and
splenic cords. The splenic red pulp may undergogbs due to a variety of factors, including
immune stimulation, changes in circulation, accuatiah of macrophages, and connective tissue or
pigment, and in response to increased demand Ilfaatifon of abnormal RBCs ( cited from US
EPA, 2009).

The severity of splenic congestion was graded bysthdy authors (NTP, 1983a). Control rats had
no splenic congestion or minimal splenic congesfgrmade 1). Congestion increased in severity up
to moderate in the highest dose group. The incel@ichese and other histopatological lesions in
relation to dose is shown in Tables 5.6.1.3. a®dl5}. These tables also report the incidence of
splenic congestion of grade 2 or higher.

The toxicologically significant changes were obgerin male rats of the 75 and 150 mg/kg group
under a form of moderate spleen congestion ancetieplof lymphoid tissue, although no fibrotic
lesions were reported. The female rats seemed tadse prone for induction of such changes in
spleen as they started to occur at the dose oba®)/kg and their incidence increased with increase
of the dose.

Significant increase of incidence of histopatolafichanges in testis occurred at the dose of 75 and
150 mg/kg.

The treatment related effects were seen in then Istem of male and female rats at the dose of 150
mg/kg/day under a form of malacia and degeneratidemorrhage and vacualization frequency in
the brain stem were not dose-dependent, so mdsalpipthey were not treatment related.

Liver congestion was observed in male rats at tbeed150mg/kg and kidney pigmentation
suggesting haemosiderin deposits in kidneys offemats at the dose of 75 mg/kg and 150 mg/kg.

Table 5.6.1.3 Selected histopathology findings in male F344 ratexposed to nitrobenzene for
90 days via gavage

Nitrobenzene dose (mg/kg-day)

Tissue examined 0 9.38 | 18.75 37.5 75 1500
Spleen

Congestion 1/10 4/10 7/10 6/10 10/10 10/10

Congestior grade 2 0/10 0/10 0/10 0/10 5/10 10/10

Lymphoid depletion 0/10 0/10 0/10 1/10 9/10 10/10
Liver

Congestion 0/10 0/10 0/10 0/10 0/10 6/10
Testis 0/10 0/10 0/10 1/10 9/10 9/9

Atrophy 0/10 0/10 0/10 0/10 10/10 9/9
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Hypospermatogenesis | 0/10 0/10 0/10 0/10 10/10 8/9
Multinucleate giant cells
Brain stem
Hemorrhage 0/10 1/10 4/10 4/10 5/10 2/10
Vacuolization 7/10 0/10 4/10 0/10 3/10 0/10
Degeneration 0/10 0/10 0/10 0/10 0/10 4/10
Malacia 0/10 0/10 0/10 0/10 0/10 4/10

a

Includes tissue findings in nine rats that diedueetn days 67 and 88. Source:

Table 5.6.1.4. Selected histopathology findings female F344 rats exposed to nitrobenzene for 90

days via gavage

NTP (1983a).

Nitrobenzene dose (mg/kg-day)
Tissue examined 0 9.38 18.75 37.5 75 150
Spleen
Congestion 2/10 5/10 10/10 10/10 10/10 10/10
Congestior» grade 2| 0/10 1/10 3/10 5/10 8/10 9/10
Lymphoid depletion | 0/10 0/10 2/10 4/10 8/10 10/10
Kidney
Pigmentation 0/10 0/10 0/10 0/10 5/10 9/10
Brain stem
Hemorrhage 4/10 2/10 3/10 1/10 1/10 7/10
Vacuolization 6/10 3/10 1/10 1/10 1/10 5/10
Degeneration 0/10 0/10 0/10 0/10 0/10 4/10
Malacia 0/10 0/10 0/10 0/10 0/10 3/10

a
Includes tissue findings in three rats that dievben days 38 and 60. Source: NTP (1983a).

It should be noted that the recorded histopatholegions in the high-dose male and female rats
included the findings from animals that died ptiorthe full 90-day study duration (days 67—88 in
males and days 38-60 in females). The extent tolwdome observed histopathologic effects in the
liver were compound related is unclear, becauseatmpoietic foci and hepatocellular necrosis
were evident in both treated and control rats. Hgatiroplets were noted in the cortical tubulescell
of the kidney, and some pigmented granules werdeaviin the cells of a few treated rats. There
were obvious compound-related histopathologic ¢&gfen the seminiferous tubules of the testis of
male rats. In some cases, the tubules containathapmgonia and spermatocytes, while in others
there were very few or no spermatids, spermatoaod, Sertoli cells. Some tubules appeared to
contain only a lacy fibrinous material, and othewatained multinucleate giant cells.
Histopathologic changes in the brains of treatdd macluded hemorrhage, vacuolization, and a
wide range of inconsistent degenerative changes.

Based on the changes in absolute and relative ongéghts and the dose-dependent increases in
reticulocyte count and metHb concentration US ERA dentified a lowest-observed-adverse-
effect level (LOAEL) of 9.38 mg/kg-day for the sdionic oral effects of nitrobenzene in F344 rats
in this study (US EPA, 2009).

It should be noted that according to the CLP reguiathe criterion for classification into STOT
category is not any toxic effects observed in atsmiaut significant toxicological effects which
have affected the function or morphology of a tsssar organ. Small, although statistically
significant increase of a percentage of reticulesyichanges in organ weight or low increase in
level of MetHb should not be considered automdiicad basis for classification in STOT category,
although they should be taken into account in askessment and management. Further guidance
on severity of toxic effects to be regarded as admg classification in STOT category is
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provided by the Guidance on the Application of Raggan (EC) No 1272/2008 and, in case of
classification of hematoxic substance within DSBsslfication system, by the Hazard classification
of chemicals inducing haemolytic anaemia: An EUutatpry perspective. Regulatory Toxicology
and Pharmacology, 2006, 54, 3, pp 229-241(Mulled.2006).

The severity of effects observed at the dose levkeB7.5 - 150mg/kg such as lethality ( only high
dose), pigmentation (hemosiderosis) in kidneyeofidle rats (75-150 mg/kg) combined with 10%
or more reduction in level of functional hemoglahieduction in hematocrite, number of red blood
celss, increase in percentage of reticulocytesetinivith higher incidence of moderate spleen
congestion (in females 37.5- 150 mg/kg, and in mak&-150mg/kg) and liver congestion ( males
150 mg/kg) , although without fibrotic lesions, ieased incidence of degeneration and malacia in
brain stem (150 mg/kg) are judged as meeting @itdrsignificant hematoxicity and organ toxicity
defined in the Guidance on the Application of Ragoh (EC) No 1272/2008, section 3.9.2.5.2
point.

The intensity of the hematological effects leadindess than 10% reduction in level of functional
hemoglobin ( reduction of Hb plus increase in Métldbthe dose of 9.38 — 18.75 mg/kg without
significant microscopic changes in liver, kidneyddmrain and only with low increase in incidence
of mild histopatological changes in spleen ( cotiga¥ without fibrotic changes in liver, kidney or
spleen do not meet criteria of significant hematibxi as defined CLP guidance or guidance
developed for classification of substances indudiagmolytic anaemia within DSD framework
(Muller et al. 2006).

Conclusion: The effects observed in this study notsetsification criteria of STOT RE 2 because
they demonstrated significant hematotoxicity betbe guidance value ok 100 mg/kg/day (CLP
criteria) and meet classification criteria of catggXn, R48 because there were induced below a
guidance value ok 50 mg/kg/day for this category in DSD. Howevdegse see section 5.6.5 for
further discussion.

Mice.

Three male B6C3F1 mice receiving 300 mg/kg-day ¢ieor to study completion, most likely as a
result of nitrobenzene exposure. Some survivingials at this dose level showed clinical signs of
toxicity, including ataxia, hyperactivity, and tability.

Mice exhibited signs of toxicity reflective of n&logical impairment, increased liver and kidney
weights, and decreased testis weight in male miaeoreased thymus in female mice. However,
there were no compound-related changes in bodyhwejgin at any dose level. Absolute and
relative organ weight changes were confined torJikedney, and testis in male mice and to the
liver, kidney, and thymus in females. For exampler weight and its ratio to body weight were
dose dependently increased in male mice, the iseseachieving statistical significance at the 150
and 300 mg/kg-day dose levels. Relative kidney tatewgas significantly increased at 75 and 300
mg/kg-day in males. Absolute and relative testisgivs were decreased at dose levels of 300
mg/kg-day. Treatment-related increases in absdiuee weights in female mice were evident at
18.75 mg/kg-day and above, with relative liver viggachieving statistical significance at a dose
level of 37.5 mg/kg-day and above.

Hematologic responses observed in mice were sinddathose in rats, with dose-dependent

increases in reticulocytes and metHb ( starting alose of 18.5mg/kg) and progressively lower

levels of Hb, Hct, and RBCs ( starting at the doks@5 mg/kg) . These changes are documented in
Tables 5.6.1.5 and 5.6.1.6.
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Table 5.6.1.5. Hematologic parameters, reticulocgs, and metHb levels in male B6C3F1 mice
exposed to nitrobenzene via gavage for 90 days

Dose (mg/kg- Hb (g/dL)a Hct (%) a RBCs (x 10s)a | Reticulocytes | MetHb (%) a
day) n (%)a
0 10 | 15.20 £ 0.66 41.77 +2.29 9.27 + 0.7 25:0.0 1.07 +0.32
18.75 10| 14.59 +0.66 39.76 + 2.89 8.87+0.50 5.81+0.88 | 2.16 + 0.3B¢
37.5 10 [ 15.02+0.92 41.13 + 3.4§ 9.17+0.16 6.95 + 0.82¢c | 3.42 +0.64¢
75 9 | 14.63+0.35 39.56 + 2.66 8.68 + 0.52 7.85+ 074 4.75+1.08
150 10 | 1444+0.47 | 37.62+1.94 8.25 + 0.3% 9.30+1.12 5.98 + 0.9%
300 7 | 1545+0.52 | 36.26+3.30d | 7.79+0.29e | 10.45+1.58 | 6.72+1.28

a

b

(o}
Values are means + standard deviatioBgynificantly different from controls, as calculdtey the authorsSummary
d e

statistics represent nine samplé&ummary statistics represent six sampl8ammary statistics represent five samples.
Source: NTP (1983a).

Table 5.6.1.6. Hematologic parameters, reticulocy$e and metHb levels in female B6C3F1 mice

exposed to nitrobenzene via gavage for 90 da

S

Dose Hb (g/dL)a Hct (%) a RBCs (x 10s)a | Reticulocytes | MetHb (%) a
(mg/kg-day) | n (%) a
0 9 15.66 £ 0.61 44.33 + 3.41 9.54 + 0.6 41135 0.87 + 0.23
18.75 9 15.70 £ 0.60 44.24 + 2.32 9.52 £0.35 5.54 £ 0.5% 1.20+£0.22
37.5 10 15.24 £ 0.83 43.86 + 2.3( 9.21 +0.40 6.29 + 0.61 1.45+0.34
75 10 [ 1498+0.50| 41.66+1.74 9.06 + 0.44 6.72+0.60 | 1.82+0.30
150 10| 14.96+0.33| 40.98+2.24 8.81 + 0.3b 7.31+0.48 2.25+0.40
300 10 15.99 + 0.59 38.66 + 269 8.11+0.64 | 11.08+1.96 | 3.54+1.39

a b
Values are means + standard deviatioBggnificantly different from controls, as calculdtey the authors.
Source: NTP (1983a).

Table 5.6.1.7. Selected histopathology findings male B6C3F1 mice exposed to nitrobenzene for
90 days via gavage

Nitrobenzene dose (mg/kg-day)
Tissue examined 0 18.75 37.5 75 150 300
Spleen
Lymphoid depletion 0/10 0/10 0/10 0/10 0/10 1/10
Liver
Cytomegaly 0/10 0/10 0/10 1/10 2/10 00/1
Testis
Atrophy 0/10 3/10 2/10 0/10 5/10 5/10
Hypospermatogenesis 0/10 0/10 0/10 0/10 0/10 4/10
Multinucleate giant cells 0/10 0/10 0/10 0/10 0/10 2/10
Brain stem
Hemorrhage 3/10 1/10 3/10 0/10 0/10 2/10
Degeneration 0/10 0/10 0/10 0/10 0/10 1/10

Source: NTP (1983a).

Table 5.6.1.8. Selected histopathology findings female B6C3F1 mice exposed to nitrobenzene for
90 days via gavage
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Nitrobenzene dose (mg/kg-day)

Tissue examined 0 18.75 | 37.5 75 150 300
Spleen

Lymphoid depletion 0/10 0/10 0/10 0/10 2/10 5/10
Liver

Cytomegaly 0/10 0/1p 0/10 0/10 0/10 8/10

Adrenal

Fatty change 0/10 0/10 0/10 0/10 0/10 8/10
Brain stem

Hemorrhage 2/10 2/10  1/10 2/10 0/10 3/10

Source: NTP (1983a).

Conclusion The effects observed in mice do not meet classibn criteria of STOT RE 2

because hematotoxicity linked with microscopic @emin internal organs were demonstrated only
at doses of 150-300 mg/kg above a guidance vdluel®0 mg/kg/day (CLP criteria) and a
guidance value ok 50 mg/kg/day for Xn, R48 in DSD classificationteria. However, please see
section 5.6.5 for further discussion.

5.6.2 Repeated dose toxicity: inhalation

Species conc. (mg/l) Exposure| Durat Observations and remarks (effects of major
group time |ion of toxicological significance)
size treat
ment

Subacute toxicity.
rats F- |0,10,35,125 ppm (0{6h/d, 14 d |Blood:RBC!, methls >10 ppm

344 0.05, 0.18, 0.64 5d/w Liver: O

(m+f)  |mg/L) Spleen:congestion, haematopoiesjfiaemosiderosis
>10 ppm, capsular fibroblastic hyperplasia in &>
ppm

Testis:Germ cell degeneration, phagocytosis &
maturation arrest, hypospermia, Sertoli cell hylzesip
at 125 ppm

Kidneys:hyaline nephrosis at 125 ppm (in 10/10 males
and 2/10 females)

CNS:[]

Other resultst OAEC,ys10 ppm,

NOAEGoca1125 ppm

(Medinsky and Irons 1985b)
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rats CD
(m+f)

0,10,35,125 ppm
(0, 0.05, 0.18, 0.64
mg/L)

6h/d,
5d/w

14 d

Blood:anaemia at 125 ppm;

RBC! & other red cell parameters at 10+35 ppm,
methbx in f >10 ppm, in m 85 ppm,

WBC1 in m>35 ppm

Liver: centrilobular or periportal degeneration

at 125 ppm, single cell necrosis >35 ppm

Spleen:congestion, haematopoiesjhaemosiderosis
>10 ppm
Testis:Germ cell degeneration, phagocytosis &
maturation arrest, hypospermia, at 125 ppm
Kidneys:degeneration of cortical tubular cells
at 125 ppm
CNS: cerebellar haemorrhage, edema, malacia at 11
ppm
Other resultsmorbidity, pulmonary vascular edema 4§
congestion at 125 ppm
LOAEGC;,s 10 ppm, NOAEGec 125 ppm

(Medinsky and Irons 198

PS5

b)

rats CD
(m)

0,12,39,112 ppm
(0, 0.06, 0.20, 0.57
mg/L)

6h/d,
5d/w

14d

Blood: anaemia, methly >12 ppm, immature RBCs a
neutrophilia at 112 ppm

Liver: J

Spleenhaemosiderosis>39 ppm, lymphoid cell
atrophy at 112 ppm

Testis:Germ cell atrophy, oligospermia at 112 ppm
Kidneys:creatinine at 112 ppm

hd

CNS: cerebellar haemorrhage/edema in cerebellum{mid-

brain/cervical spinal cord at 112 ppm
Other resultsmorbidity

thymus atrophy, pulmonary edema, ocular keratitis
112 ppm
LOAEC,ys12 ppm, no N(L)OAEGecal

(DuPont 1981

mice
B6C3F1
(m+f)

0,10,35,125 ppm
(0, 0.06, 0.20, 0.57
mg/L)

6h/d,
5d/w

14 d

Blood: MCV 1 ,methbr at 125 ppm
Liver: centrilobular necrosis in m at 125 ppm hydrop
degeneration 35 ppm

Spleen:congestion, haematopoiesjgoccasionally)
haemosiderosis>35 ppm

Testis: Tubular degeneration, aspermia, germ cell
maturation arrest at 125 ppm

Kidneys:tubular degeneration at 35 ppm

CNS: cerebellar haemorrhage at 125 ppm

Other resultsmorbidity at 125 ppm, bronchial
hyperplasia >35 ppm ppm

NOAECsys10 ppm, NOAECIocall0 ppm

ic

(Medinsky and Irons 1985
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Subchronic toxicity:

Rats |0,5,16, 6h/d,5d/w90 d |Blood: haemolytic anaemia5>ppm, methb in m>5
F-344 |50 ppm ppm, f>16 ppm
(m+f) [(0, 0.025, 0.08, 0.26

mg/L) Howell-Jolly bodies in m at 125 ppm

Liver: focal centrilobular degeneration, liver cell corg
disorganization & ppm

Spleen:congestion, haematopoiesjshiaemosiderosis
capsular fibroblastic hyperplasiab>ppm

stromal hyperplasia at 50 ppm

Testis:Germ cell maturation arrest, tubular degeneration
Leydig cell hyperplasia at 50 ppm
Kidneys:nephrosis: cytoplasmatic eosinophilic droplets
in proximal tubules

in m>5 ppm, f at 50 ppm

CNS:ND

Other resultsadrenals: medullary basophilia

bronchial hyperplasia, bone marrow erythroid
hyperplasia at 50 ppm

LOAECG;,s5 ppm, NOAEGya 16 ppm

(Hamm 1984
Blood: haemolytic anaemial® ppm, methb in m>16
Rats |0,5,16, 6h/d,5d/wW90d |ppm, infat 50 ppm, leucocytosis, immature RBCSG5t
CD 50 ppm ppm
(m+f) [(0, 0.025, 0.08, 0.26
mg/L)

Liver: hepatocytic basophilia/vacuolation &
centrilobular hypertrophy, Kupffer cell pigmentatio
>16 ppm

Spleen:congestion, haematopoiesjshiaemosiderosis
capsule thickness>5 ppm

Testis: Tubular atrophy, Leydig cell hyperplasia,
aspermia at 50 ppm, occasionally ppm
Kidneys:nephrosis at 50 ppm

CNS:ND

Other resultsbone marrow erythroid hyperplasidalg
ppm, rhinitis, epithelial & goblet cell hyperplasi&
nasal turbinates6 ppm

LOAEC;,s5 ppm, NOAEGycaS ppm
(Hamm 1984
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Mice
B6C3F]
(m+f)

0,5,16,

50 ppm

(0, 0.025, 0.08, 0.24
mg/L)

6h/d,5d/wf

90d

Blood: methlr at 50 ppm
Liver: centrilobular hyperplasia/ hypertrophia,
m >16 ppm, 5 ppm

Spleen:congestion, haematopoiesjshiaemosiderosis
>5 ppm

Testis:ND

Kidneys:ND
CNS:ND

Other results:
adrenals: cortical vacuolizatiorb>ppm

bone marrow hyperplasia, bronchial hyperplasiedat %
ppm

LOAECs,b ppm, NOAEG,:416 ppm
(Hamm 1984

Rat F-
344
(10m+1
0f)®

0,1,5,25 ppm
(0, 0.005, 0.025, 0.1
mg/L)

6h/d,5d/w

15 mo

Chronic toxicity :

Interim sacrifice groups of the CIIT cancer study:
Blood: anaemia, polychromatic cells, Howell-Jolly
bodies, methb at 25 ppm, nucleated RBCs,
leucocytosis in f at 25 ppm

Liver: bilirubint in m at 25 ppm
cystic degeneration, eosinophilic cell foci, cdobyular
hypertrophy in m5 ppm
Spleenhaematopoiesis congestion, haemosiderosis
>1 ppm
Testis:ND
Kidneys:increased severity or incidence of chronic
nephropathy m& ppm, slight increase in incidence of
chronic nephropathy in f at 25 ppm
CNS:ND
Other resultsendometrial polyps f&ppm,
pigmentation of olfactory 25 ppm, LOAELys1 ppm
LOAEL jocal 25 ppm

(CIIT 1993)

rat
Spragusd

Dawley
(CD)®
(10m)

0,1,5,25 ppm
(0, 0.005, 0.025, 0.1
mg/L)

6h/d,5d/w

15 mo

Interim sacrifice groups of the CIIT cancer study:
Blood: anaemia, macrocytes, Howell-Jolly bodies,
polychromasia in m at 25 ppm, methim m>1 ppm

Liver: centrilobular hypertrophy Kupffer cell
pigmentation (haemosiderosis) Bippm
Spleen:congestion ¥ ppm, haematopoiesis
haemosiderosisat 25 ppm

Testis:ND

Kidneys:[]

CNS:ND

Other resultsnasal (resp.) epithelium hyperplasia,
pigmentation of olfactory epitheliun2s ppm,
LOAELgys1 ppm, LOAELgc 25 ppm.

(CIIT 1993)
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Abbreviations:

ALAT Alanin-Aminotransferase, d day/s, m maleseiiales, ND no data] no histopathological
abnormalities, RBC red blood cell, methb methaewtaigl MCH mean corpuscular haemoglobin, MCHC
mean corpuscular haemoglobin concentration, MCVmueapuscular volume, N/LOAE(: No/Lowest
observed adverse effect concentration for systeffects, N/LOAEG,.o No/Lowest observed adverse
effect concentration for local effects on the respiry tract; 8 nonneoplastic lesions observedthénfinal
sacrifice groups (2 y) were reported in SectionGaBcinogenicity

CIIT study, 1985. In a Chemical Industry Institute of Toxicologyl(© study (Medinsky & Irons
,1985) 8- to 9-week-old Fischer-344 rats, SpragaedBy (CD) rats and B6C3F1 mice (10 per sex
per dose) were exposed to nitrobenzene at contensaof approximately 0, 51, 180 or 640
mg/m3 (0, 10, 35 or 125 ppm) via inhalation for pdr day, 5 days per week, for 2 weeks.

At an exposure level of 640 mg nitrobenzene/m3gethneere severe clinical signs and a 40% rate of
lethality in Sprague-Dawley rats after the fourthydand morbidity of all B6C3FI mice,
necessitating their early sacrifice; surviving e Dawley rats, exhibiting rapid shallow
breathing, wheezing and orange urogenital stainugge sacrificed at the end of the first week.

In contrast, Fischer rats tolerated this level Porweeks without any adverse clinical signs.
Significant concentration-dependent increases lative liver, spleen and kidney weights were
reported, primarily in Fischer rats; relative spleeeights were increased as much as 3 times those
of control in Fischer rats and were still greatert controls in recovery animals (n = 5) at 14 days
after exposure. Kidney and liver weights had receddy day 14, but not by day 3, after exposure
(quoted from EHC 230).

Comparison with criteria: Adverse significant clinical effects were seenOa4mg/l when
exposed for 14 days, thus a level much higher getnin the criteria for STOT category 1 for
effects seen in 90 day studies .2 mg/l/6h/day), but within the levels for categ&TOT 2 (a
range between 0.2 and1.0 mg/l/6h/day) and within the category Xn, R48alation, rat 3 x
0,25 mg/l, 6 h/day = 0.75 mg/l, 6 h/day. Howey#ease see section 5.6.5 for further discussion.

CIIT subchronic study, 1984/ Hamm, 1984 Central Institute of Industrial Toxicology repaitan
1984 (CIIT, 1984) a subchronic study ( reported afs this draft report as a study of Hamm,
1984),in which F344 rats, CD rats, and B6C3F1 mice, X{geup, were exposed via inhalation to 0,
5, 16, or 50 ppm ( respectively 0,026, 0.082 and 0.260 mg/l) of nitrobenzene),o@r&/day, 5
days/weeKor 90 days(quotedfrom Toxicology Review of Nitrobenzene,USA EPA, 200

There were no compound-related effects on bodyhtergortality, or the occurrence of behavioral
signs in the subchronic 90-day study. However,dgases in spleen weights were evident in all
strains and sexes of rats and mice exposed tdaizene at the high concentratior2é mg/l) and

at 16 ppm@.082 mg/l)in male F344 and CD rats.

Gross Necropsy Results

In F-344 rats the only dose related gross findingee a uniformly distributed pattern of alternating
pale brown and red areas measuring approximatelynlmn the surface of livers, pale
circumscribed foci consistent with necrosis on ¢hesurface of liver, and enlarged spleens in the
50 ppm ( 0.26 mg/L) groups of both sexes. Smatldess were found in the 50 ppm (0.26 mg/L)
male group. In CD rats the only dose related gfiosngs were prominent lobular markings in the
livers of 50 ppm males, enlarged spleens in 50 ppates and females, and small testes in 50 ppm
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(0.26 mg/L) males. In B6C3F1 mice the only dosatesl gross finding was enlarged spleens in 50
ppm (0.26 mg/L) males and females.

Examination of the internal organs of exposed algratinecropsy confirmed that the liver, spleem an
testis were the primary target organs of nitrobaez&or example, in high-concentration rats ofegith
strain, males presented with testicular atrophlarged spleens, and the presence of irregular lestc

on the surface of the liver. Similarly, both sex¢8B6C3F1 mice had enlarged spleens in response to
nitrobenzene at 50 pprilowever, increases in spleen weights were evideatlistrains and sexes
of rats and mice exposed to nitrobenzene at thie ¢togcentration and at 16 ppm (0.082mg/l) in
male F344 and CD ratdost marked among the potential compound-relatethgés in hematologic

or clinical chemistry parameters were the increasettentrations of serum metHb (Table 5.6.2.1) and
a 50% increase in the concentration of bilirubimiale F344 rats exposed at concentration of 0.082 a
0.26 mg/l (16 and 50 ppm) to nitrobenzene.

Table 5.6.2.1. Concentrations of metHb in plasma @344 and CD rats and B6C3F1 mice in
response to nitrobenzene inhalation
Concentration of nitrobenzene (ppm/mg/l)

Strain/ 0/0 5ppm/ 0.026mg/l  16/0.082 mg/I 50/0.26 mgl/l

species Sex Concentration of metHb in plasma (%)

F344 rat Males 1.2+04 3.0+1°0 4.4 +1.3b 10.1+1.2b
Females 1.6+0.8 3.2+0.9 3.9+1.3b 10.5+1.5b

CD rat Males 0.6+0.2 09+0.6 3.2+0.7b 10.1+2.0b
Females 21+1.2 23+0.6 3.7+£0.2 9.6 +2.5b

B6C3F1 Males 0.7+0.6 1.6+04 21+13 58+ 1.7b

mouse Females 1.3+£0.9 0.8+£0.5 20+0.6 5.1+0.8b

a

Values are means * standard deviations, where axeépt for the 16 ppm F344 rat female group witménals.
b

p < 0.05, as calculated by the authors. Source: (9B4), Hamm, 1984.

Histologic sections of organs and tissues of néradene-receiving rats and mice demonstrated
treatment-related lesions in the spleen, testisy liepididymides, kidney, and bone marrow, plus
other possible target organs of nitrobenzene, aadhe adrenal§ymph nodes, and lungs.

F344 rats

Proliferative capsular lesions were noted in théeeap Three main morphological variants were
encountered: focal or multifocal fibroblastic hypkasia of the splenic capsule often containing
encysted aggregates of lymphoid cells. This lesias observed in one female out of 10 examined in
the 0.026mg/L group, in one male out of 10 examimadkes in the 0.082mg/L group and in all animals
exposed to 0.26mg/l. The second alteration wasoéfgnation of mesenchymal cells on the serosl
surface, often encapsulated by a single layer fédéréntiated mesothelial cells, which occurred ih08
males and 10/10 females in the 0.26 mg/L grouphidl thistopatological lesion was detected in 10/10
males and in 6/10 females in the 0.26mg/L group@msisted of a focal accumulation of lymphocytes
and macrophages immediately beneath the capsuten aiccompanied by stromal hyperplasia
extending into the spenic parenchyma. The restritsgly suggest multifocal or diffuse fibrosistire
spleen of all animals exposed at 0.26/mg/l, whilanges in the animals exposed at lower concentratio
were obsereved in single animals, were not dopertéent and most probably not related to the
treatment.

A hyaline droplet degeneration (Hamm, 1984) waseoled in kidneys of nitrobenzene exposed F-344 rat
The lesion consisted of an accumulation of hyabneeosinophilic droplets in the cytoplasm of proalm
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tubular epithelial cells (droplet hyaline denegerat The severity of the lesion, as well as i@sqgfrency,
tended to vary with both concentration and sex. [Es®n was of minimal severity in 6 out of 10 nwla

the 0.026 mg/L (5 ppm) dose group, mild to modesateerity in males exposed to 0.082 mg/l (16 pamd,
moderate severity in both males and females a0#@ mg/L (50 ppm) exposure concentration (Hamm et
al. 1984). Such changes are due to disturbancesadsorption of protein by tubular epithelium cdédsm
primary urine and they are reversible after cesnaif the cause.

Moderate to severe degeneration of tubular epéthedills was noted in the testes of all F344 rmelgmsed
to 0.26 mg/L (50 ppm) . This consisted of a matarairrest at the level of primary and secondary
spermatocytes and was usually accompanied by tt#redema and Leydig cell hyperplasia. An abgenc
of mature sperm was noted in the epididymus ofelasmals, together with the presence of protetneci
material within the lumen of the ductus.

In the liver, disorganization of hepatic cord atebifure was noted in one female and one male patsex to

5 ppm and was accompanied by a slight degree ofulasdilatation and focal centrilobular
hepatocyte degeneration. This lesion was not obderrvany male rats and in only one female rat
exposed to 16 ppm but was found in 7 of |10 malesare female exposed to 50 ppdr2é mg/L)

Proliferative changes were occasionally noted mgdi nodes of animals exposed to nitrobenzene.
These consisted of a proliferation of plasma aailtanged in clusters or sheets extending from the
subcapsular sinusoids to the medulla, containimgaraus mitotic figures. This was sometimes
accompanied by increased numbers of mast cellsam@dcumulation of macrophages at the
margins of the lesion and the variable presencautfinucleated giant cells in the subcapsular
cortical spaces.

Erythroid hyperplasia was evident in the bone mamba majority of male and female rats
exposed to 50 ppm (0.26 mg/L) nitrobenzene.

Other histopathologic effects evident in F344 ratsuded basophilia of the medullary cells of the
adrenal in 5/10 high-concentration males and i® 3iigh-concentration0(26 mg/l)females, plus
an increased incidence of bronchial hyperplastzoth sexes receiving the highest dose.

CD rats

The splenic lesions in CD rats consisted of sirdeoicongestion, increased extramedullary
haematopoiesis, and numbers of hemosiderin-ladecraplaages infiltrating the red pulp. An

increase in the thickness of the splenic capsule maed in 4/10 male and 3/10 female CD rats
exposed to 0.26 mg/l (50 ppm) nitrobenzene; howewerfocal hyperplastic lesions were

encountered.

In a manner similar to F344 rats, CD rats displagiede-dependent toxic nephrosis, with 10/10
male and 5/10 female rats exposed to 0.26 mg/lpfB@) nitrobenzene displaying this condition.
Additional minor renal lesions included an accurtiala of lipid in proximal convoluted tubules,
encountered only in 4 of 10 female rats exposetléappm, and a slight increase in glomerular
cellularity, observed in one male exposed to 16 ppmales exposed to 50 ppm, and in one female
exposed to 50 ppm.

Liver lesions in CD rats included an increase isdmdilic cytoplasm (and/or vacuolization in
hepatocytes ) predominantly in periportal areastrdebular hepatocyte hypertrophy, some cells
containing enlarged nucleoli, and increase in pigirl@den Kupffer cells.

CD rats also displayed a marked bilateral testicaiophy in response to nitrobenzene, as
indicated by a loss of seminiferous epithelium wathly a few scattered spermatogonial cells
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present, interstitial cell hyperplasia, oedema, #raabsence of mature sperm in the epididymal
lumen. These testicular lesions were found in @@Mmales exposed to nitrobenzene at the highest
concentration — 0.26 mg/L , in one male exposed.@@6mg/L ( 5ppm), and a slight reduction in
mature sperm was found in 2 animals exposed t@20@gl (16 ppm).

There was erythroid hyperplasia in the bone maabapproximately one-half the male and female
rats exposed to 16 ppm (0.082 mg/l ) and in alrathstnimals exposed to 50 ppm.

Lesions observed in the nasal passages consistedhimifis in association with epithelial
hyperplasia on the free margins of the turbinatebé anterior passages and goblet cell hyperplasia
on the ventral septum. These lesions were confmgdarily to males exposed to 16 and 50 ppm
(0.082 mg/l and 0.26 mg/L) and to females exposdiDtppm (0.26 mg/L).

A reactive lymphoid hyperplasia, together with aiety of other inflammatory changes, was noted
in a number of rats exposed primarily to 16 or Fonp These changes are complicated by the
presence of inflammatory lesions in the lungs ohemf these animals including interstitial and
granulomatous pneumonitis and aggregates of maaggshand lymphocytes occurring primarily in
perivascular areas.

These lung lesions are consistent with a low ghatkctious agent and raise the possibility that
lymph node changes were secondary to infectionerathan treatment. These animals were
negative when tested for serum antibodies to masoph and common rat viruses.

S6C3F1 Mice

Extramedullary hematopoiesis was found in the spieeall dose groups of both sexes of mice.
This consisted of an increase in the total numberthe proportion of precursor cells of erythroid
and myeloid/megakaryocyte cell ines. This was aggagven though extramedullary hematopoiesis
is a frequent finding in young untreated mice. Ehelsanges were accompanied by dose dependent
increases in congestion and in the number of hatadsiladen macrophages present in the red
pulp. A minimal to moderate decrease in cellulaiitylymphoid dependent areas was noted in
approximately half the animals of both sexes exgpases0 ppm (0.26 mg/L ) but was encountered
in only 2 males exposed to 16 ppm (0.082mg/l). senic capsular lesions were noted in any of
the mice.

An adrenal lesion, which was evident at the 5 pmmncentration and increased in severity with
dose, was confined to female mice and consisted pfominant cellular vacuolization that was
restricted to the zona reticularis contiguous it medulla.

There was a sex difference in the severity of tneatt-related liver lesions. Male mice exhibited
hepatocyte hyperplasia which was primarily centillar in distribution, the incidence and severity
of which was dependent an exposure (4/9 at 16 @®nat 50 ppm). Affected cells had basophllic
cytoplasm and contained enlarged and hyperchronsjonmuclei. Numerous multinucleated
hepatocytes were observed, same with as many asl&.nA majority of female mice exposed to
50 ppm (7/9) exhibited a relatively less severetrdebular hyperpiasla and hypertrophy resulting
in same disorganization of normal cord architecture

Additional lesions were noted in mice of both sexegosed to 50 ppm, including a mild
hyperplasia of the bronchial epithelium and a gelmerd bone marrow hyperplasia.

Comparison with criteria: Repeated exposure (90 days) to 0.26 mg/l nitradremznduced

marked increase in the concentration of methogmbmto 10% in F344 and CD rats. In addition at
this concentration nitrobenzene caused increaséekrspieight in rats and mice, congestion,
proliferative fibrotic capsular lesions and incresgn extramedullary hematopoiesis in spleen of all
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F344 rats of either sex, sinusoidal congestionyessed extramedullary hematopoiesis, and
numbers of hemosiderin-laden macrophages infittgathe red pulp in CD rats with an increase in
the thickness ( fibrosis) of the splenic capsule wated in 4/10 male and 3/10 female. In both
strain of rats (F344 and CD) exposure to nitrobeazat the concentration of 0.26 mg/l induced
toxic nephrosis and in male F344 rats centrilobdegeneration of liver. These effects meet the
criteria of significant hematotoxicity in the Guitze on the Application of Regulation (EC) No
1272/2008 such as e.g. significant increase in Bateoosis in the spleen, liver or kidney in
combination with microscopic effects like necrodisrosis or cirrhosis with reduction in Hb level
and increase in MetHb level.

At the concentration of 0.026 and 0.082 mg /I, loWan the upper limit value for STOT Category
1 of 0.2 mg/l/6h/day nitrobenzne induced statidifycaignificant increases in concentration of
methemoglobine in blood, but they were 2-3 timewelo than in animals exposed at 0.26
mg/l/6h/day, and there is no clear evidence in ysttgport on significant heamosiderosis in
combination with microscopic changes such as nexrdibrosis or cirrhosis associated with
increase in methemoglobin concentration or witheptéffects meeting classification criteria for
substances causing haemolytic anamia.

Taking into account that these effects were olesbat 0.26mg/l thus in a range of 0.2 and..0
mg/l/6h/day nitrobenzene meets criteria for STCH B However, please see section 5.6.5 for
further discussion. Since the concentration of @@6 inducing significant organ toxicity is very
close to DSD guidance value ©f0.25 mg/l/6h/day for category Xn, R48 it is propdgo classify
nitrobenzene to this category.

CIIT chronic study, 1993. A chronic inhalation study of nitrobenzene was aaitdd in F344 rats,
Sprague-Dawley (CD) rats, and B6C3F1 mice (Cattlegl., 1994; CIIT, 1993) cited from US EPA
20009. .

A total of 70 male and female F344 rats and 70 rBaleague-Dawley (CD) rats were expose@,to
0.005, 0.026, 0.13 mg/lo( 1, 5, or 25 ppm) nitrobenzene, and a total @Yale and female
B6C3F1 mice were exposed to nitrobenzen® ad.026, 0.13 and 0.26mg(0, 5, 25, or 50 ppm), 6
hours/day, 5 days/week, excluding holidale, 2 years resulting in a total of 505 exposures
(quoted after US EPA, 2009). Ten rats/sex/stram/grwere terminated 15 months into the study to
provide samples for an interim evaluation of heruafic parameters. Mice were evaluated at study
termination but not at 15 months.

Effects of nitrobenzene on clinical signs, bodygtheichanges, and survival appeared to be sporadic
and unrelated to dose.

Both male and female F344 rats in the 0.13 mg/l §pi) group displayed treatment-related
statistically significant reductions in RBCs, Hatd Hb concentration, with mean levels that were
lower in animals sacrificed at term compared witimaals sacrificed at 15 months. In F 344 male
and female rats in the 0.13 mg/l (25 ppm) groupftimetional reductions of haemoglobin being a
sum of reduction of Hb level in blood ( ca. 10%)daan increase of MetHb (ca. 2%) was

approximately 12% at the end of 2 years exposuneyWwere not larger in comparison to contral
rats as after 15 months of exposure. The functioedliction of Hb level in blood of CD rats was

lower than in F344 rats.

Concentrations of metHb increased with increasiiigplbenzene exposure, though time-related
trends in this parameter were less clear-cut. Motible among the hematologic responses in CD
rats were the increases in metHb in the 15-mon#rim blood samples, as shown in Table 5.6.2.2.
These achieved statistical significance (p < 0.0&jsus controls at all dose concentrations
employed in the study. No histopathology was pentdt on the spleens of CD rats at interim or
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final sacrifice to determine if effects in the sgpteaccompanied the statistically significant inseea
in metHb levels. It should be noted, however, tlatfinal sacrifice, metHb levels were only
increased in the 25 ppm exposure group, which mdicate a compensatory response to metHb
formation. It should also be pointed out that lggokind MetHb levels in both strains of control
rats were consistently higher at 24 months thanl@tmonths, resulting in apparently less
pronounced relative changes at 24 months than amdsths among exposed animals (Table
5.6.2.9.

In mice, RBCs and Hct were statistically signifitgniower in 0.26mg/l (50 ppm) males than in
controls (8.70 £ 0.12 versus 9.61 + 0.29 x 106s¢dll and 41.64 + 0.52 versus 45.06 + 1.15%,
respectively). In common with the rats, there wetatistically significant increases in metHb
concentrations in high-dose mice of both sexes ewmatpwith controls.n mice exposed at 0.26mg/I
the functional reduction of haemoglobin being a safmeduction of Hb level in blood ( ca. 4 %)
and an increase of MetHb (ca. 2%) was approxim#&élyat the end of 2 years exposure.

Table 5.6.2.2. Percentage metHb formation in respae to inhaled nitrobenzene

Treatment MetHb (%)
group Interim sacrifice (15 months) | Terminal sacrifice (24 months)
ppm/mg/| Males | Females | Males | Females |
B6C3F1 mice |
0 NAa NA 1.97 +0.24 1.39+0.20
5/0.026 NA NA 1.94 +0.34 1.37+0.18
25/0.13 NA NA 3.02+0.41 2.22 + 026
50 /0.26 NA NA 3.97 +0.48 2.79+0.24
F344 rats |
0 2.90+0.31 2.35+0.36 3.88+0.33 2.68370.
1/0.005 3.21+0.18 3.33+0.40 3.31+0.32 21816
5/0.026 3.18+0.43 3.17 +0.39 4.19+0.53 425%).30
25/0.13 4.73+0.52 5.90 + 0.96 5.27 + 0.33 5.00 + 0.45
CD rats |
0 1.18 +0.34 NA 2.75+0.52 NA
1/0.005 4.08 £ 0.80 NA 2.87+0.34 NA
5/0.026 6.22 +1.60 NA 2.35+0.32 NA
25/0.13 5.85 + 0.83 NA 4.60 + 0.53 NA

a b c
NA = not applicable.p < 0.05. p< 0.01. Source: US EPA, 2009

Numerous noncancerous histopathologic lesions tezsiffom nitrobenzene inhalation, though

some of these responses were not clear-cut beaduaehigh incidence of the same effect in
controls, which left the possibility that the reape might be a nonspecific lesion due to age. For
example, chronic nephropathy and extramedullaryatepoiesis of the spleen occurred in controls
and at all concentration levels in both sexes of4F8ats and in male Sprague-Dawley rats.
However, a number of histopathologic effects ofalienzene appeared to be compound related,
including those in the nose, spleen, liver, kidremnd testis (Table 5.6.2.3).

Pigmentation of the olfactory epithelium was dosga&hdently increased in male and female rats,
with incidences of 99% in male F344 rats versus @%ontrols, 95% in male CD rats versus 67%
of controls, and 100% in female F344 rats versi# 55 controls in the high-exposure groups. An
increased incidence of focal inflammation and hirpehy of the submucosal glands in areas lined
by respiratory epithelium was observed in the nesgibn of high-exposure male and female F344
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rats. In CD rats, exposure-related lesions in nasations consisted of a slight increase in the
incidence and severity of inflammatory changefaanterior section of the nose.

Splenic pigmentation was assessed in male and éeR844 rats. In male F344 rats, an exposure-
related increase was observed (100% of 25 ppm expasmals versus 80% of controls).

In contrast, 99% of female rats were found withstendpoint in the highest exposure group
compared to 90% of controls.

Liver effects exhibited a mixed response with respge exposure-dependent changes. Hepatic
eosinophilic foci were observed in a dose-dependsantner in 81 and 23% of male and female
F344 rats at the highest dose (25 ppm) compardd38itand 8.6% of controls, respectively.

Male F344 rats exhibited an exposure-dependen¢aser in spongiosis hepatis (83% of animals at
25 ppm versus 36% of controls), whereas this emdpeas observed with only the high-exposure
groups in 57% of male CD rats compared to 40% aofrots and 9% of female F344 rats versus 0%
of controls
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Table 5.6.2.3.Selected noncancer histopathologic changes in ras a result of exposure to nitrobenzene via inhaian for 2 years
Sources: Cattley et al. (1994); CIIT (1993).

Exposure concentration (ppm/mg/l)

Males Females
Target tissue 0/0 | 1/0.005 | 5/0.026 | 25/0.13 | 0/0 | 1/0.005 | 5/0.026 | 25/0.13 |
F344 rats
Liver
Eosinophilic foci 26/69 25/69 44/70a | 57/70a 6/70 | 9/66 13/66 | 16/70a
Centrilobular hepatocytomegaly | 0/69 0/69 8/70a 57/70a 0/70 0/66 0/66 0/70
Spongiosis hepatic 25/69 24/69 33/70 58/70a 0/70 | 0/66 0/66 6/70a
Kidney
Tubular hyperplasia 2/69 2/68 2/7( 13/70a 0/70 0/66 2/66 2/70
Nose
Pigmented olfactory epithelium 40/§7 53/67 67/70 68/69a 37/67| 54/65 60/65 66/6pa
Spleen
Pigmentation 55/69 63/69 64/70 70/70a 62/69 61/66 60/66 8/6%a
CD rats
Liver
Centrilobular hepatocytomegaly | 3/63 1/67 14/70a 39/65a
Spongiosis hepatic 25/63 | 25/67 25/70 37/65a
Nose
Pigmented olfactory epithelium 42/63 49/64 60/66 58/61a
Testis
Bilateral atrophy 11/62 17/66 22/70 35/614
Epididymis
Bilateral hypospermia 8/60 13/65 15/67 32/594

a
Statistically significantly different from contreblues, as calculated by the authors.
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The number of male rats presenting with centrilabhlepatocytomegaly at necropsy was increased at 5
and 25 ppm nitrobenzene, with 81% of F344 rats@0% of CD rats afflicted at the highest exposure
level compared with 0 and 5% of controls, respetyivhowever, this endpoint was not detected in
female F344 rats, regardless of exposure leveln@m in the kidney were restricted to the high-
exposure group in male F344 rats, with less clgposure-related changes in female F344 rats. Tubula
hyperplasia was detected in 19% of male F344 mtsug 3% of controls, only 3% of female F344 rats
at 5 and 25 ppm nitrobenzene, and none of the @snifesticular changes were assessed in male CD
rats. Clear exposure-dependent changes were olstwdilateral atrophy of the testis (57% at the
highest dose; 18% of controls) and bilateral hyposya of the epididymis (54% at the highest dose;
13% of controls).

Table 5.6.2.4. Selected noncancer histopathologibanges in B6C3F1 mice as a result of exposure
to nitrobenzene via inhalation for 2 years

Exposure concentration (ppm/mg/l)
Males Females
Target tissue 0/0 | 5/0.026 25/0.13] 50/0.26| 0/0 [ 5/0.026] 25/0.13| 50/0.26

Liver
Centrilobular hepatocytomegaly 1/68 | 15/65 | 44/65a| 57/64a| 0/51 [ 0/61 0/64 | 7/62a
Multinucleated hepatocytes 2/68 | 14/65 | 45/65a| 56/64a| 0/51 | 0/61 0/64 | 2/62a

Lung

Hyperplasia 1/68 2/67 8/65a | 13/66a| 0/53 2/60 5/64a 1/62

Bronchiolization 0/68 | 58/67a| 58/65a| 62/66a| 0/53 | 55/60a| 63/64a| 62/62a
Thyroid

Follicular cell hyperplasia 1/65 | 4/65 7/65a| 12/64p 2/49  1/59 1/q1 8/¢1
Nose

Pigmented olfactory epithelium| 0/67 | 7/66 | 46/65a| 49/66a| 0/52 | 6/60a | 37/63a| 29/61a
Degenerated olfactory epithelium1/67 | 1/66 | 32/65a| 41/66a| 0/52 | 19/60a| 47/63a| 42/61a

a
Statistically significantly different from contralalues, as calculated by the authors. Sourcesle@at al. (1994);
CIIT (1993) quoted

In mice, tissue sites displaying increased incideot nonneoplastic lesions included lung, olfactory
epithelium, and, in the males, thyroid folliculalls and hepatocytes (Table 5.5.2.4). Histopatholog

endpoints for the lung included hyperplasia andealar bronchiolization. In male mice, a clear

exposure-dependent increase in hyperplasia waddfaym to 20% in high-exposure animals versus
1.5% of controls. In contrast, female mice dispthgemixed response, with findings of hyperplasia in
3% of animals at 5 ppm, 8% at 25 ppm, and 2% apf@® versus controls. Bronchiolization of the

alveoli was increased at all exposure levels (mate: 5 ppm, 87%; 25 ppm, 89%; and 50 ppm, 94%;
female mice: 5 ppm, 92%; 25 ppm, 98%; and 50 pp®R%d). This endpoint was not detected in any
controls.

Additional effects of nitrobenzene on the respinatract were noted with statistically significant
increases in the number of animals presenting piggmentation and degeneration of the olfactory
epithelium in the nasal region. Pigmented olfacepithelium was detected in 74 and 48% of high-dose
male and female mice, respectively. Similarly, &pasure-dependent increase in degenerated olfactory
epithelium occurred in mice of both sexes (maleemaontrol, 1%; 5 ppm, 2%; 25 ppm, 49%; and 50
ppm, 62%; female mice: control, 0%; 5 ppm, 32%pPHh, 75%; and 50 ppm, 69%). Lesions noted in
nasal sections increased in severity with increpsiose (CIIT, 1993); however, severity scores were
not reported.

A differential response was observed between madefamale mice with histopathologic endpoints in
the thyroid and liver.
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In the thyroid, an exposure-dependent increaseliicilar cell hyperplasia, up to 19% at 50 ppmswa
found in male mice versus 2% of controls, wheréaséffect was only observed in females up to 13%
compared to 4% of controls at the highest expo&dgpm).

In the liver, male mice presented with exposureedeent changes in centrilobular hepatocytomegaly
and multinucleated hepatocytes, up to 89 and 88&sperctively. In contrast, centrilobular
hepatocytomegaly was undetectable in female miceept for the highest dose (11% above controls),
as were multinucleated hepatocytes (3% above deptro

Comparison with classification criteria:
Formation of methemoglobin and haemolytic anaemiaaused by nitrobenzene

In the chronic inhalation studies the hematotoffieats in rats exposed at 0.13mg/I and mice expased
0.26mg/l were limited to mild increase in levelméthemoglobin not exceeding 6% (with 1.39 — 2.75%
in control animal), reduction in functional Hb léwe blood of approximately 12 % in comparison with
controls, reduction in RBC counts not exceeding lIifi%omparison with control values, thus in the
light of legal requirements and guideline on thel@ation of the CLP regulation or DSD regulation
such toxic changes were alone not sufficient tessfg them as significant hematotoxicity. The
observed haematological changes were not accoegpamiby the histopatological changes in spleen,
liver and kidney typical for long-lasting haemotytanaemia. Although pigmentation in spleen was
slightly more frequent (hemosiderosis ) in highegtosed group than in controls, it was not leading
fibrosis of spleen, which was observed in the 89-dnhalation study at higher nitrobenzene
concentration of 0.26mg/l. Thus results of thisocht experiment do not warrant classification of
nitrobenzene to STOT RE category due to its hemsitoeffect.

Local effects in alveolar and olfactory epithelium

Bronchiolization. In all mice exposed to nitrobene at concentration of 0.026, 0.13 and 0.26 mg/I
there was a dose dependent increase in frequencgniofials with bronchialization of alveolar
epithelium, i.e. metaplasia of a plane epithelivsturally existing in alveoli. The alveoli were lieed

by a proliferation of bronchiolar epithelium. Suchanges may be followed by interstitial fibrosis of
intraalveolar septa. None of control animals wdrewsng such change. The lungs of rats were not
examined histopatologically in this study ( Cattlatyal. 1994). In this study no signs of interatiti
fibrosis were reported, thus only change in theetgf alveoli epithelium cells should be consideited

is known that alveoli are lined with two main tgpef epithelial cells: type | pneumocytes ( squasnou
pneumocytes ) which are lining most of alveoli walhnd pneumocytes type Il secreting surfactant
which are cuboidal in shape and are disposed thmugpneumocytes type |. In case of inhalation
exposure to mild irritant substances cuboidal preaytes type 2 may proliferate and re-line the diveo

( Glaister, 1986) so it may resemble that in brasich The type Il pneumocytes may subsequentially
differentiate into type | of epithelium, thus suchange of epithelium may be fully reversible after
cessation of exposure. Since in this study nostital fibrosis was observed, the changes of nsisée
type in the composition of alveolai epithelium shiboot be interpreted as severe biological changes.
The presence of such changes without other changeserstitial tissue are not sufficient to warran
classification for STOT category.

The other biological change which occurred in maled female mice exposed for 2 years at
concentration 0.13 and 0.26 mg/l, and in femaleeneixposed at conc. of 0.026 mg/l, was increased
pigmentation in olfactory epithelium and increasegjuency of degeneration of olfactory epithelium.
The increased pigmentation in olfactory epithelwas observed also in female and male F344 rats and
male CD rats. The increased pigmentation was masiably due to deposition of nitrobenzene in
epithelial cells of nose, particularly in olfactogpithelium which is located in upper part of nose
(fornix) of nasal cavity, which is also withoutiated and goblet cells assisting in cleaning dfeot
parts of nasal epithelium of mice and rats. Losedf-cleaning ability of olfactory epithelium wasost
probably linked to increased frequency of degengrand inflammatory lesions of that part of nose
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mice and rats. Such changes occurs frequentlydents exposed to mild irritants since they breatl o
through nose. The significance of such changebdmans who are breathing through nose and mouth
The changes in olfacémiyhelium are not sufficiently characterized in an

might be overestimated.

article of Cattley et al. (1994) to warrant cléisation for STOT category.
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5.6.3 Repeated dose toxicity: dermal
Species Dose Exposure |[Duration |Observations and remarks (effects of major
group size |mg/kg time of toxicological significance)
treatment
Mouse 200 14d Range finding study:
B6C3F1; 1600 Nitrobenzene was administered to B6E3fice and
Rat F-344 [3200 Fischer344 rats (both sexes) by skin painting at dos
(m+f) the range 200-3200 mg/kg body weight per day fq
14 days. All rats and mice at the 1600 and 3200kg]
bw/d doses died or were sacrificed moribund priothig
end of treatment. Treated animals were inactivaxiej
prostrate and dyspnoeic. Significant depressioweifjht
gain (>10%) was seen in mice from all dose grg
Histologically, mice and rats showed changes inbttaén,
liver, spleen and testes, with mice less affecheh tratg,
Reticulocyte counts and methaemoglobin levels
increased in mice and rats (all dosage groups éxome,
receiving lowest dose, 200 mg/kg bw/d); haemogl|
and RBC were decreased in rats (no details weengiv
the report).
(NTP, 1983b, cited from EHC Report 20
Mouse 0, 50, 100, 13 weeks | Nitrobenzene was administered to BG@3Ee (1(
B6C3F1 200, 400 or per sex per group) bygkin painting (in acetor
(10m+10f) |800, daily, vehicle) at 0, 50, 100, 200, 400 or 800 mg/k(
on shaved body weight per day for 13 weeks (NTP, 1983b)
skin in the chemical was apmd to a shaved area of the ski
interscapular the intercapsular region.
area
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Species
group size

Dose
mg/kg

Exposure
time

Duration
of
treatment

Observations and remarks (effects of major
toxicological significance)

(contd.)
No effect on mean final body weights. Six high-dose

males were sacrificed moribund, and three (died

between weeks 3 and 10; seven high-dose females
were sacrificed moribund, and one high-dose female
and one female of the 100 mg/kg bw/d group Hied

between weeks 2 and 9. Clinical signs in spme

animals at the high dose included inactivity, lag
to one side, circling, dyspnoea, prostration an
one, head tilt, whereas a number of dosed females
had extremities cold to the touch. One high-gose
female exhibited tremors, and two were insenditive

to painful stimuli. Inflammation of the skin (di
or focal and of minimal to mild severity) was set
the site of nitrobenzene application at the [two
highest doses; inflammatory cells were presertté
dermis, with varying degrees of involvement of|the

of hepatocytes in many treated mice ha
homogeneous eosinophilic appearance, where
in controls had a vacuolated appearance
characteristic of glycogen-containing cells.
While degeneration of the "X" zone of the adrg¢nal
glands (the zone of cells adjacent to the medul
female mice was noted, the degree of vacuolatipn in
treated animals was reported to be greater [than
normally seen in controls. Brain lesions were fqund
in 2 of 10 males and 3 of 10 females at 800 mg/kg
bw/d; the lesions appeared to be localized in the
brain stem in the area of the vestibular nudleus
and/or cerebellar nuclei; one high-dose femaledyad

mild bilateral lesion in a nucleus of the ventretat|
thalamus. Such lesions were probably resporsible
for the clinical behavioural findings of head filt,

leaning to one side and circling. Brain vascular
lesions (as described in the rat dermal study] see
below) were not observed in this mouse defmal
study.
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Species
group size

Dose
mg/kg

Exposure
time

Duration
of
treatment

Observations and remarks (effects of major
toxicological significance)

(cont.)
No clear NOAEL was established in this study, \vith
the following findings (among others) noted at|the
lowest dose of 50 mg/kg bw/d: lung congestion,
adrenal cortical fatty change and variation ingtze
of hepatic nuclei, especially the centrilobulareon

(NTP, 1983b, cited from EHC Report 2003)

Rat
F-344
(10m+10f)

0, 50, 100
200, 400 o
800, daily

13 weeks

Nitrobenzene was administered to FisBférraty
(10 per sex per group) by skin painting (in ace
vehicle) at 0, 50, 100, 200, 400 or 800 mg/kg
body weight per day for 13 weeks (NTP, 1983b)
chemical was applied to a shaved area of the sl
the intercapsular region.
Mean final body weights were not significantly
affected; the body weights in the high-dose groups
were not analysed due to a high incidence of early
deaths. Seven high-dose male rats died and 3 |of 10
were sacrificed moribund between weeks 4 and 10;
five high-dose females died and five were sacrijce
between weeks 2 and 12. Clinical signs in high-flose
males included ataxia, head tilt, lethargy, trem|i
circling, dyspnoea, forelimb paresis, splayleitd
limbs, diminished pain response and reduiced
righting response. Except for dyspnoea in a|few
females, the other clinical signs were not notgd in
females. The extremities of a number of rats (poth
sexes) were cold to the touch and/or cyanotic.rirai
lesions were found in both sexes at 800 mg/kg Qw/d;
the lesions appeared to be localized in the bitaim s
to areas of the facial, olivary and vestibular eycl
and to cerebellar nuclei and probably correlaténjwit
the clinical behavioural findings. These lesionseye
characterised by demyelination, loss of neurons,
varying degrees of gliosis, haemorrhage, fibrif in
and around small vessels and occasional cagillary
proliferation.
The brain vascular lesions were characterisefd by
fibrin in and around vessel walls; red blood gells
within macrophages at the site of haemor%age

indicated that the effect was real, not an adonal
change or secondary to tissue mishandling at
sacrifice.  Perivascular haemosiderin-contaihing
macrophages were occasionally observed. Brain
vascular lesions as described in this dermal $tudy
were not observed in the Fischer-344 rat gayage
study or in the B6C3F1 mouse dermal study |(see
above).
No clear NOAEL was established in this study, \vith
lung congestion and fatty change in the adienal
cortex in addition to the haematological findiphgs
noted at the lowest dose of 50 mg/kg bw/d.

(NTP, 1983b, cited from EHC Report 2003)
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Species Dose Exposure [Duration |Observations and remarks (effects of major
group size |mg/kg time of toxicological significance)
treatment

Conclusion: R-phrase 48/24 is confirmed (see Summaand discussion).

NTP sponsored a 90-day skin painting toxicologstatly (NTP, 1983b cited from US EPA, 2009) with
nitrobenzene in F344 rats and B6C3F1 mice. Theoasitineated F344 rats and B6C3F1 mice (10
animals/sex/group) with 50, 100, 200, 400, and®@kg-day nitrobenzene in acetone, the responses
being compared with those in animals painted wittt@ne alone. \

At 800 mg/kg-day, all rats and 9/10 male and 8&fdle mice died before the end of the experiment.
Furthermore, surviving animals in the other expesiroups (dose levels not stated) displayed prafoun
clinical signs of acute toxicity, including atax@yspnea, circling, lethargy, and insensitivitypsin.

Only female mice showed a dose-related increaseeiiib concentration.

Among the histopathologic findings, there was akedrdegeneration of the testes in the males of both
species and all nitrobenzene-receiving rats digglayngestion of the spleen. The incidence of
congestion of the lungs was dose-dependently iseckan males and females of both species.
Vacuolization of the brain or brain stem was anotaracteristic histopathologic finding, the effec
becoming apparent in rats exposed to nitrobenzeb@0amg/kg or higher, in male mice exposed to 800
mg/kg, and in female mice exposed to 400 and 80Bgnytrobenzene. Tables 5.6.3.1., 5.6.3.2.,
5.6.3.3., and 5.6.3.4. document these histopatiwébgnges.

Table 5.6.3.1. Incidence of histopathologic lesions male F344 rats exposed to nitrobenzene for
90 days via dermal exposure

Dose (mg/kg-day)

Target tissue 0 50 100 200 400 800
Lung Congestion 1/10 1/10 7/10 4/10 4/1( Q0/]
Spleen

Congestion 0/10 10/10 10/10 10/10 10/10 10/10

Hematopoiesis 10/10 10/10 10/10 10/10 10/10 10/10

Lymphoid atrophy 0/10 0/10 7/10 7/10 10/10 10/10
Liver

Congestion 0/10 | 1/10 | 0/10 | 0/10| 0/14 6/1p
Kidney

Congestion 0/10 0/10 0/10 0/10 0/1d 7/10
Testis

Atrophy 0/10 0/10 0/10 0/10 10/10 10/10

Hypospermatogenesis 0/10 0/10 0/10 0/10 10/10 10/10

Multinucleate giant cells 0/10 0/10 0/10 0/10 9/10 10/10
Brain

Hemorrhage 1/10 | 4/10 | 0/10 | 0/10 2/10 2/1p
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Table 5.6.3.2.. Incidence of histopathologic lesienn female F344 rats exposed to nitrobenzene for
90 days via dermal exposure

Dose (mg/kg-day)
Target tissue 0 50 100 200 400 800 |
Lung Congestion 1/10 1/10 3/10 1/10 6/10 9/1o
Spleen
Congestion 8/10 10/10 10/10 9/10 10/10 10/10
Hematopoiesis 0/10 10/10 10/10 10/10 10/10 10/10
Lymphoid atrophy 0/10 0/10 0/10 1/10 9/10 10/10
Liver
Congestion 0/10 0/10 0/10 0/10 0/1( 4/10
Kidney
Congestion 0/10 0/10 0/10 0/10 4/14 4/10
Uterus
Atrophy 0/10 | 0/10 | o0/10]| 0/10 | 0/10| 6/1(
Brain
Hemorrhage 0/10 | 1/10 | 5/14 2/1d 1/1¢ 2/40
Cerebrum
White matter vacuolization 0/10 | 0/10 | 10/40 10/10 | 4/10 | 3/10 |
Cerebellum
White matter vacuolization 0/10 0/10 8/1p 4/10 7/10 6/10
Brain stem
Hemorrhage 0/10 1/10 1/10 4/10 7/10 6/10
Vacuolization 0/10 0/10 10/10 8/10 4/10 3/10

Source: NTP (1983b).

Table 5.6.3.3. Incidence of histopathologic lesions male B6C3F1 mice exposed to nitrobenzene
for 90 days via dermal exposure

Dose (mg/kg-day)
Target tissue 0 50 100 200 400 800
Lung Congestion 2/10 6/10 4/10 4/10 10/1( 9/1)0
Spleen
Congestion 0/10 0/10 0/10 0/10 0/10 10/10
Hematopoiesis 1/10 3/10 3/10 9/10 9/10 10/10
Lymphoid atrophy 0/10 0/10 0/10 0/10 0/10 3/10
Liver
Congestion 0/10 0/10 0/10 1/10 10/10 10/10
Pigmentation 0/10 0/10 0/10 0/10 0/10 6/10
Thymus
Atrophy 0/10 0/10 0/10 0/10 0/10 717
Testis
Atrophy 0/10 0/10 0/10 0/10 5/10 10/10
Hypospermatogenesis 0/10 0/10 0/10 0/10 2/10 10/10
Multinucleate giant cells| 0/10 0/10 0/10 0/10 0/10 4/10
Brain
Hemorrhage 1/10 1/10 3/10 1/10 0/10] 2/10
Brain stem
Hemorrhage 1/10 1/10 2/10 1/10 1/10 6/10
Degeneration 0/10 0/10 0/10 0/10 0/10 3/10
Skin
Inflammation 0/10 | 0/10 | 0/10 | 0/10 | 8/10] ne |
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Table 5.6.3.4. Incidence of histopathologic lesioms female B6C3F1 mice exposed to nitrobenzene
for 90 days via dermal exposure

Dose (mg/kg-day)

Target tissue 0 50 100 200 400 800
Lung

Congestion 4/10 3/10 2/10 4/10 8/10 10/10
Spleen

Congestion 0/10 0/10 1/10 0/10 2/10 9/10

Hematopoiesis 7110 4/10 3/10 7110 10/10 9/10

Lymphoid atrophy 0/10 0/10 1/10 0/10 0/10 3/10
Liver

Cytomegaly 0/10 0/10 0/10 0/10 0/10 8/1(
Thymus

Atrophy 0/10 0/10 0/10 0/10 0/10 9/9
Ovary

Atrophy 0/10 0/10 0/10 0/10 0/10 3/10
Uterus

Atrophy 010 | 0/10 | 0/10 | 1/10 | 1/10 | 5/10|
Adrenal cortex

Fatty change 0/10 | 6/10 | 9/10| 10/1¢ 8/1y /102 |
Brain

Hemorrhage 0/10 1/10 0/10 1/10 3/10 02/1
Brain stem

Hemorrhage 1/10 0/10 0/10 0/10 2/10 4/10

Degeneration 0/10 0/10 0/10 0/10 1/10 3/10
Skin

Inflammation 0/10 | 0/10 | 0/10 | 0/10 | 9/10| 1a/ |

Comparison with classification criteria:

The following significantly toxic effects, meetirdassification criteria in CLP and DSD systems,
were seen in F344 rats and B6C3F1 mice expose aflgrat 50 and 100 mg/kg bw/day for 13
weeks:

in male rats - spleen congestion starting frommiglkg, lung congestion and lymphoid
atrophy starting at 100 mg/kg;

in female ratss lung congestion at 100mg/kg,

in male mice: lung congestion starting at 50 mgfikgfemale mice fatty change in the
adrenal cortex in addition to the haematologiaadifigs noted at the lowest dose of 50 mg/kg bw/d.
These effects meet criteria of advers health effatthe dose levels in a range between 20 and 200
mg/bw /day for STOT REP, Category 2 (CLP) or domseels<100 mg/kg (bodyweight)/day for
category Xn, R48/24. However, please see sectt@b for further discussion.

5.6.4 Other relevant information
Species Dose Exposure Duration Observations and remarks (effects of
group size mg/kg time of major toxicological significance)
treatment
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Species Dose Exposure Duration Observations and remarks (effects of
group size mg/kg time of major toxicological significance)
treatment

Rat 200,400,600 Single applicatiofMethaemoglobinaemia:

F-344 (gavage) following a 28 dElevated Methb levels up to 60pPao,

(= 50m total) feeding, groupsoncentration raised at 1 h, maximum at 4 h

with different diet$ (Goldstein et al. 1984)
(with/ without 5
8% pectin)

Rat 50 2 or 4 weeks Dysspermatogenesis:

SD study start at Reduced sperm numbers and testes wgight

(5m/group) |an age of §, (aggravation with duration), depressed sgerm

8, 10 or 40 activity (no effect of duration),
weeks (Koida and coworkers, 1985, abstract only)

Rat 5 or 10 weeks Neurotoxicity:

Wistar Microscopic examination of the olfactqry
bulb revealed a degeneration of the mitral
cell layer, representing the principal rdlay
neurones, with the most densely
degeneration in the ventral region.

(Pinching and Doving 197#)

Rat 550 Single treatmenPetechial haemorrhages in the brain gtem

F-344 (oral) and sacrifice afteand cerebellum, and bilaterally symmetric

(12 m/group) 6, 24,0r48 h degeneration (malacia) in the cerebellumfand
cerebellar peduncles developed within| 48
hours after treatment.

(Morgan et al. 198%)

In vitro studies:
Dysspermatogenesis:

cells in vitro. In Sertoli cell cultures a
Sertoli-germ cell cocultures vacuolation
Sertoli cells (at 10-3 M), exfoliation of ge
cells (5x10-4 M), secretion of lactate 3
pyrovate by Sertoli cells (>5x10-4 N
Inhibin secretion by Sertoli cells as
potential marker for stimulation of FS
hormone release was altered in a biph
manner, with low (18 to 10° M) and high
(10* to 10° M) doses enhancing inhik

had no effect.

secretion while intermediate (1M) dose$

Nitrobenzene was directly toxic on testicylar

nd
of
m
ind
).
a
bH
asic

in

D

(Allenby et al. 1990

5.6.5

Summary and comparison with classification criteria

Nitrobenzene is already classified and labelle@@sc, T, R 48/23/24. According to the criteria of
the Directive 67/543/EEC, the extension of the llalmpto R 48/23/24/25 is proposed. According to
the Directive 1272/2008 labelling to H372 STOT-RKirdhalative; haematopoietic system, liver,
testis, CNS, kidneys, adrenals, bronchial/nasasgges) is proposed. "causes damage to organs
through prolonged or repeated exposure”
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5.6.5.1 Comparison with classification criteria

Classification criteria to be metAccording to Regulation No. 1272 ( section 3.9s2pstances are
classified as specific target organ toxicants fellg repeated exposure by the use of expert
judgement on the basis of the weight of all avddadvidence. To category 1 for STOT-RE are
classified substances that have produced signtfit@ficity in humans or that, on the basis of
evidence from studies in experimental animals, lmarpresumed to have the potential to produce
significant toxicity in humans following repeatexbesure.

Substances are classified in Category 1 for tavggn toxicity (repeat exposure) on the basis of:
— reliable and good quality evidence from humaresas epidemiological studies; or

— observations from appropriate studies in expentaleanimals in which significant and/or severe
toxic effects, of relevance to human health, wem@dpced at generally low exposure
concentrations.

Substances are classified in category 2 for tanggdén toxicity (repeat exposure) on the basis of
observations from appropriate studies in experiaieartimals in which significant toxic effects, of
relevance to human health, were produced at géyenaderate exposure concentrations.

As defined in 3.9.2.7.3. of CLP regulation the evide from appropriate studies in experimental
animals can furnish much more detail, in the forihclmical observations, haematology, clinical

chemistry, and macroscopic and microscopic pathodbgexamination, and this can often reveal
hazards that may not be life-threatening but candiicate functional impairment. Consequently all
available evidence, and relevance to human heslh|l be taken into consideration in the
classification process, including but not limitem the following toxic effects in humans and/or

animals:

(a) morbidity or death resulting from repeated amg-term exposure. Morbidity or death
may result from repeated exposure, even to relgtilew doses/concentrations, due to
bioaccumulation of the substance or its metaboliéesl/or due to the overwhelming of the de-
toxification process by repeated exposure to thstsimce or its metabolites;

(b) significant functional changes in the centnaperipheral nervous systems or other organ
systems, including signs of central nervous systiepression and effects on special senses (e.g.
sight, hearing and sense of smell);

(c) any consistent and significant adverse changdimical biochemistry, haematology, or
urinalysisparameters;

(d) significant organ damage noted at necropsyaarglibsequently seen or confirmed at
microscopic examination;

(e) multi-focal or diffuse necrosis, fibrosis oraguloma formation in vital organs with
regenerative capacity;

() morphological changes that are potentially rel@e but provide clear evidence of
marked organ dysfunction (e.g., severe fatty chamgjee liver);

(g) evidence of appreciable cell death (includieti degeneration and reduced cell number)
in vital organs incapable of regeneration.

Guidance on dose/concentration values from 90 tadies to assist classification for Category 1
are provided in table 3.9.2 and for Category fable 3.9.3 of CLP regulation.

- For oral exposure ( rat) they are eitkeflO mg/kg/day for Category 1 or in a range
between 10 and 100mg/bw /day for Category 2,
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- For vapour inhalation ( rat) they are0.2 mg/l/6h/day for Category 1 or in a range
between 0.2 and1.0 mg/l/6h/day for Category 2

- For dermal exposure ( rat or rabbit) they @ar20 mg/kg/day for Category 1 or in a
range between 20 and 200 mg/bw /day for Category 2

It should be noted that as defined in point 3.912.®f Annex | of the Regulation (EC) No
1272/2008 there are some effects in humans aadiorals that do not justify classification. Such
effects include, but are not limited to:

(a) clinical observations or small changes in boeight gain, food consumption or water
intake that have toxicological importance but tkhat not, by themselves, indicate ‘significant’
toxicity;

(b) small changes in clinical biochemistry, haerwgg or urinalysis parameters and/or
transient effects, when such changes or effectefateubtful or minimal toxicological importance;

(c) changes in organ weights with no evidence gaordysfunction;

(d) adaptive responses that are not considereddimgically relevant;

(e) substance-induced species-specific mechanismxicity, i.e. demonstrated with
reasonable certainty to be not relevant for hunesith, shall not justify classification.

In the Guidance on the Application of RegulationCJENo 1272/2008, section 3.9.2.5.2.
Hematotoxicity the following examples of effects not warrantingssification are listed
- Significant decrease in Hb without any othgngicant indicators of haemolytic
anaemia.
- Minimal to slight increase in MetHb formationtivdut any other indications of
significant haemolytic anaemia.
As summarized in section 5.6. Repeated dose tgxicitnitrobenzene is inducing
methemogobinemia and other hematological effeeteflore a detailed comparison also of these
effects with classification criteria is needed befelassification can be made. There are two
guidance documents which could be helpful in tlisiparison:
. Guidance on the Application of Regulation (EC) N&¥2/2008, section 3.9.2.5.2. and
. Hazard classification of chemicals inducing habmo anemia: An EU regulatory
perspective by EU Working Group on Haemolytic Améae (2006).

In the assessment of all individual hematologefédcts as well as totality of findings it should b
to judged whether they constitute an adaptive nespwr an adverse toxicologically significant
effect.

There are several studies on animals exposed by:

« oral route (NTP 1983a cited from US EPA 2009; Shietcal. 1994; Burns st al;1994;
Mitsumori et al. 1994),
* inhalation ( Medinsky and Iron 1985; DuPont 198Amm 1984, CIIT 1993) or
» through skin (NTP 1983b cited form US EPA 2009)
which have been reviewed in the background docurardtcan be used for assessment specific
target organ toxicity.

These studies demonstrate that the most sensgligeto toxicity of nitrobenzene are erythrocytes
where nitrobenzene induces formation of methemagjolhich leads to premature destruction of
erythrocytes, reduction of haemoglobin level indalpincreased medullary and extramedullary
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haematopoiesis, increased in percentage of retigtds in blood, deposition of hemosiderin in
spleen, liver and kidney with eventual fibrosidloése organs.

According to Regulation No. 1272 (section 3.9.2)stances are classified as specific target organ
toxicants following repeated exposure by the usexplert judgement on the basis of the weight of
all available evidence. To STOT-RE categories dessdied substances that have produced
significant toxicity in humans or that, on the Isasif evidence from studies in experimental
animals, can be presumed to have the potentiaiauge significant toxicity in humans following
repeated exposure. According to Directive 67/5E8FEonly effects causing serious damage to
health such as death, clear functional disturbamamorphological changes should be considered
for classification. It should be noted that as wedi Annex | of the Regulation (EC) No 1272/2008
(3.9.2.8.1.) there are some effects in humans amahionals that do not justify classification. Such
effects include, but are not limited to:

(a) clinical observations or small changes in boeight gain, food consumption or water
intake that have toxicological importance but tthatnot, by themselves, indicate
‘significant’ toxicity;

(b) small changes in clinical biochemistry, haertwagp or urinalysis parameters and/or
transient effects, when such changes or effectefateubtful or minimal toxicological
importance;

(c) changes in organ weights with no evidence gaordysfunction;
(d) adaptive responses that are not considereddiagjically relevant;

(e) substance-induced species-specific mechanigtogioity, i.e. demonstrated with
reasonable certainty to be not relevant for hunesith, shall not justify classification.

Oral route

The NTP 1983a study was chosen as key study to misnate the specific target organ toxicity due
to oral exposure of nitrobenzene. The results bemwsstudies as reviewed and compared with
classification criteria in background documentiargupport of the conclusion drawn on the results
of this key study.

Effects in rats justifying classification

In the 90-day gavage study on rats (NTP, 1983al ¢éiam US EPA, 2009) the severity of effects
observed in F344 rats at the dose levels of 37.50mg/kg such as lethality ( only high dose),
pigmentation (hemosiderosis) in kidney of females @5-150 mg/kg) combined with 10% or
more reduction in level of functional haemoglobiaduction in hematocrit, number of red blood
cells, increase in percentage of reticulocyteselthikvith higher incidence of moderate spleen
congestion (in females 37.5- 150 mg/kg, and in ma&-150mg/kg) and liver congestion ( males
150 mg/kg), although without fibrotic lesions aredged as meeting criteria of significant
hematoxicity and organ toxicity defined in the Gande on the Application of Regulation (EC) No
1272/2008, section 3.9.2.5.2 point.
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Effects in rats not justifying classification

The intensity of the haematological effect in rading to less than 10% reduction in level of
functional haemoglobin (being a sum of % reductdrib and % increase in MetHb) at the dose of
9.38 — 18.75 mg/kg not accompanied with significamcroscopic changes in liver, kidney and

brain and only with low increase in incidence ofdrhistopathological changes in spleen without
fibrotic changes in liver, kidney or spleen do moget criteria of significant hematoxicity as

defined CLP guidance or guidance developed forsiflaation of substances inducing haemolytic
anaemia within DSD framework (Muller et al. 2006).

Effects in mice not justifying classification

In the 90-day gavage study on mice (NTP, 1983al ditam US EPA, 2009) the effects observed
in B6C3F1 mice exposed by gavage to nitrobenzen8Galays do not meet classification criteria
of STOT RE 2 because hematotoxicity linked with noscopic changes in internal organs were
demonstrated only at doses of 150-300 mg/kg abogeiidance value ok 100 mg/kg/day (CLP
criteria) and above a guidance value<050 mg/kg/day for Xn, R48 in DSD classificationteria.

Conclusion: The effects observed in this study in F344 ratstrokassification criteria of STOT RE

2 (erythrocytes) with a hazard statement H373 lmxathey demonstrated significant
hematotoxicity below the guidance value<of00 mg/kg/day (CLP criteria) and meet classifarat
criteria of category Xn, R48/22 because there wedeiced below a guidance value &f 50
mg/kg/day for this category in DSD. The effects eoed in this study in mice do not meet
classification criteria at the level of exposurewad those defined by the DSD and CLP guidance
values.

However, as it was already considered, humansnah more sensitive then rats to formation of
Met-Hb, which should be taken into account in theight of evidence approach underpinning
decision on classification. Formation of Met-Hb,rasponse to repeated exposure to nitrobenzene,
may cause secondary toxic effects in internal aggarch as spleen, liver, kidney, brain and lungs,
thus the high difference between humans and massisceptibility to induction of Met-Hb should
be taken into account in hazard classification.

Therefore, in the opinion of RAC the classificatidarived solely on animal data - Xn, R48/22
(DSD) and STOT RE 2 (erythrocytes) with a hazaateshent H373 — should be made relevant to
humans and reflect higher sensitivity of humanssttne repeated specific target organ toxicity of
nitrobenzene should by classified T: R48/25 (D&BJ STOT RE 1 with a hazard statement H372
Causes damage to organs (blood)

This classification is in agreement with the exigtclassification, a proposal of Dossier Submitter,
opinion of TC C&L and opinions of some MSCAs exs@&s during public consultation.

Inhalation exposure
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The 90-day inhalation study on rats and mice (Hai®84) was chosen as key studies to
demonstrate the specific target organ toxicity ttuenhalation exposure of nitrobenzene. The
results of other studies as reviewed and comparitd @assification criteria in background
document are in support of the conclusion drawtherresults of this key study.

Effects in rats justifying classification

In a 90-day inhalation study on rats and mice TGiiudy,1984; Hamm,1985) a repeated exposure
(90 days) to nitrobenzene at conc. of 0.26 mg/lihdsced marked increase in the concentration of
methemoglobin up to 10% in F344 and CD rats. Initamid at this concentration nitrobenzene
caused in all F344 rats of either sex an increasplieen weight, congestion of spleen, prolifegativ
fibrotic capsular lesions and increases in extrart@y haematopoiesis in spleen. In CD rats the
sinusoidal congestion, increased extramedullarynaéepoiesis, and numbers of hemosiderin-laden
macrophages infiltrating the red pulp in spleerd an increase in the thickness (fibrosis) of the
splenic capsule were noted. In both strain of (BB44 and CD) exposure to nitrobenzene at the
concentration of 0.26 mg/l induced toxic nephroJieese effects meet a criteria of significant
hematotoxicity in the Guidance on the ApplicatidnRegulation (EC) No 1272/2008 such as e.g.
significant increase in hemosiderosis in the spléeer or kidney in combination with microscopic
effects like necrosis, fibrosis or cirrhosis wigduction in Hb level and increase in MetHb level.

Effects in rats not justifying classification

At the concentration of 0.026 and 0.082 mg /I, lowan the limit value for STOT Category 1 of
0.2 mg/l/6h/day nitrobenzene induced statisticadignificant increases in concentration of
methemoglobine in blood, but they were 2-3 timewelo than in animals exposed at 0.26
mg/l/6h/day, and there is no clear evidence in ysttgport on significant heamosiderosis in
combination with microscopic changes such as nexrdibrosis or cirrhosis associated with
increase in methemoglobin concentration or witheptéffects meeting classification criteria for
substances causing haemolytic anaemia ( CHIT st@84, Hamm,1985). Therefore classification
for category STOT RE 1 in the basis of this stuggat warranted.

In the chronic inhalation study (Cattley et al. 49€IIT, 1993) the hematotoxic effects in rats
exposed for 2 years at 0.13mg/l and mice expos@®&mg/l were limited to mild increase in level
of methemoglobin not exceeding 6% (with 1.39 — 2746 control animal), reduction in functional
Hb level in blood of approximately 12 % in companswith controls, reduction in RBC counts not
exceeding 10% in comparison with control valuesistin the light of legal requirements and
guideline on the application of the CLP regulatiwrDSD regulation such toxic changes were alone
not sufficient to classify them as significant héotaxicity. The observed haematological changes
were not accompanied in by the histopatologicaingea in spleen, liver and kidney typical for
long-lasting haemolytic anaemia. Although pigmé&atain spleen was slightly more frequent
(hemosiderosis ) in highest exposed group tharintrals, it was not leading to fibrosis of spleen,
which was observed in the 90-day inhalation stutlyhigher nitrobenzene concentration of
0.26mg/l. Thus results of this chronic experimeatndt warrant classification of nitrobenzene to
STOT RE 1 due to its hematotoxic effect.
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Conclusions:

Taking into account that the significant and seveemtotoxic effects in animals were observed in
blood and internal organs at 0.26mg/l, thus inrgeaof 0.2 and< 1.0 mg/l/6h/day nitrobenzene
meets criteria for STOT RE 2 (blood) with a hazatatement H 373. Since the concentration of
0.26mg/l inducing significant organ toxicity is yeclose to DSD guidance value e&f 0.25
mg/l/6h/day for category Xn, R48/20 it is considkmgppropriate to classify nitrobenzene to this
category based on data derived from studies omtsde

However, as it was already considered in this @pinihumans are much more sensitive then rats to
formation of Met-Hb, which should be taken into @act in the weight of evidence approach
underpinning decision on classification. FormatufrMet-Hb, in response to repeated exposure to
nitrobenzene, may cause secondary toxic effectatérnal organs such as spleen, liver, kidney,
brain and lungs, thus the high difference betwm@mans and rats in susceptibility to induction of
Met-Hb should be taken in hazard classification.

Therefore, in the opinion of RAC the classificatidarived solely on animal data - Xn, R48/20
(DSD) and STOT RE 2 (blood) with a hazard staterit8#3 — should be made relevant to humans
and reflect higher sensitivity of humans, thus tepeated specific target organ toxicity of
nitrobenzene by inhalation should by classifiedR48/23 (DSD) and STOT RE 1 with a hazard
statement H372 Causes damage to organs (blood)

This classification is in agreement with the exigtclassification, a proposal of Dossier Submitter,
opinion of TC C&L and opinions of some MSCAs exes during public consultation.

Dermal route

NTP sponsored a 90-day skin painting toxicologstatly (NTP, 1983b cited from US EPA, 2009) with
nitrobenzene in F344 rats and B6C3F1 mice. Theoasittreated F344 rats and B6C3F1 mice (10
animals/sex/group) with 50, 100, 200, 400, and B@0kg-day nitrobenzene in acetone, the responses
being compared with those in animals painted wittt@ne alone.

Effects in rats and mice justifying classification

The following significantly toxic effects, meetimgassification criteria in CLP and DSD systems,reve
seen in F344 rats and B6C3F1 mice expose dermdél, 400 and 200 mg/kg bw/day for 13 weeks:

* in male F344 rats - spleen congestion starting f&fhrmg/kg, lung congestion and lymphoid
atrophy starting at 100 mg/kg;

* in female rats - spleen haematopoiesis and ctingedung congestion at 100mg/kg,
haemorrhage in brain starting with a dose 100mg/kg
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* in male mice: lung congestion and spleen haematsgostarting at 50 mg/kg,
* in female mice - fatty change in the adrenal coiterddition to the haematological findings
noted at the lowest dose of 50 mg/kg bw/d.

Conclusions: These effects meet criteria of seaehgerse health effects at the dose levels in ajeran
between 20 and 200 mg/bw /day for STOT RE, Categd@LP)with a hazard statement H 3@Bin
dose levels >10 mg/kg &100 mg/kg (bodyweight)/day for category Xn, R48(RED).

However, as it was already considered in this @pinihumans are much more sensitive then rats to
formation of Met-Hb, which should be taken into @act in the weight of evidence approach
underpinning decision on classification. FormatufrMet-Hb, in response to repeated exposure to
nitrobenzene, may cause secondary toxic effecistémnal organs such as spleen, liver, kidney,
brain and lungs, thus the high difference betwm@mans and rats in susceptibility to induction of
Met-Hb should be taken in hazard classification.

Therefore, in the opinion of RAC the classificatidarived solely on animal data - Xn, R48/21
(DSD) and STOT RE 2 (blood) with a hazard staterit8#3 — should be made relevant to humans
and reflect higher sensitivity of humans, thus tepeated specific target organ toxicity of
nitrobenzene by inhalation should by classifiedR48/24 (DSD) and STOT RE 1 with a hazard
statement H372 Causes damage to organs (blood)

This classification is in agreement with the exigtclassification, a proposal of Dossier Submitter,
opinion of TC C&L and opinions of some MSCAs exes during public consultation.

5.6.6 Conclusions on classification and labelling

Having in mind the above arguments the RAC is efdpinion that specitic target organ toxicity of
nitrobenzene should be classify according to Gegrukation for category STOT RE 1 (blood) with
a hazard statement H3T2auses damage to organs (bloadid according to DSD regulation for
category T, R48/23/24/25.

This classification is in agreement with the exigtclassification, a proposal of Dossier Submitter,
opinion of TC C&L and opinions of some MSCAs exes during public consultation.
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5.7 Mutagenicity
5.7.1 In vitro data
Test Cell type Conc. Observations and remarks
range
Bacterial geneS. 30 - 3000 Result: negative
mutation test | typhimuriu | pg/plate Toxicity: at 1000 and 3000 pg/plate
m, TA92, with S-9 mix; | study does not completely meet requirements of OEGL
TA1535, 10 - 3000 471 (use of only four strains and three to fourysable
TA100, pg/plate concentrations, results only presented as sumndarise
TA94, TA98| without S-9 | tables) but is considered as sufficiently relidblerisk
mix assessment due to clear negative results
(Miyata et al. 1981
Bacterial genesS. 10 - 1000 Result: negative
mutation test | typhimuriu | pg/plate with | Toxicity: at highest dose
m TA1535, | and without S4 study does not completely meet requirements of OEGH
TA1537, 9 mix 471 (use of only four strains and three to fourysable
TA100 and concentrations, results only presented as sumndarise
TA98 tables) but is considered as sufficiently relidblerisk
assessment due to clear negative results
(Haworth et al. 1983
Bacterial genesS. 36.93 - 3693,3 Result: negative
mutation test | typhimuriu | pg/plate Toxicity: at highest dose
m TA 98 with S-9 mix; | Remarks: Flavine mononucleotide supplementation
and TA100 | not tested
without S-9
mix (Dellarco and Prival 198¢4
Bacterial genesS. 33 - 3333 33, | Result: negative
mutation test | typhimuriu | 100, 333, 1000 Toxicity: no data
m TA97, and 3333 Remarks: non standard method
TA98 and | pug/plate
TA100 with and only raw data and abstract available
without S-9 (Hughes et al. 1984
mix
Bacterial genesS. 200, 1000 Result: positive
mutation test | typhimuriu | pg/plate with | Toxicity: no data
m TA98 and| S-9 mix; Remarks: positive only in the presence of the cagen
TA100 not tested norharman
without S-9 (Suzuki et al. 1983
mix
Mammalian | Chinese 0.1-1 pg/ml | Result: inconclusive
cell gene hamster lungwith and Toxicity: no data
mutation test | fibroblasts |without S-9 | Remarks: methodical insufficiencies (no data on
(V79) mix cytotoxicity and plating efficiency; low statistigaower of
test since only 2 x P@ells / culture were inoculated for t
selection of resistant cells; effects are not desged and
not reproduced)
(Kuroda 1986
mammalian | Chinese 0.125-500 |Result: negative
cell hamster lungug/ml with S- | Toxicity: no data
chromosomal| fibroblasts | 9 mix;
aberration test(V79) not done
without S-9
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Test Cell type Conc. Observations and remarks
range
mix (Ishidate, 1988
Mammalian | human 6.1 mg/ml Result: inconclusive
cell lymphocyteg with S-9 mix; | Toxicity: no data
chromosomal not done Remarks: insufficient study description (no detiile
aberration test without S-9 | information on nitrobenzene concentrations, toyjaell
mix preparation and solvent controls; results only as
summarised table)
(Huang et al. 1994
mammalian | Chinese 0.123 to 12.31 Result: weakly positive
cell hamster lungpg/mil Toxicity: no toxicity
micronucleus| fibroblasts | with S-9 mix; | Remarks: insufficient data presentation (data for
test (V79) not done micronuclei frequencies were only presented agladi)
without S-9
mix (Bonacker et al. 2004
mammalian |human and |1.23to 123 | Result: negative
cell UDS test | rat pag/ml with S- | Toxicity: no data
hepatocytes| 9 mix;
not done
without S-9
mix (Butterworth et al. 1989
mammalian |rat and 7.631t0 61.5 |Result: inconclusive for both genotoxic endpoints
cell human pag/ml with S- | Toxicity: toxic at least at the highest tested dose
micronucleus| kidney cells | 9 mix; Remarks: methodical insufficiencies
test and comet not done (non-routine method; confusion about the incubatiime
assay without S-9 | of 20 h or 48 h; data on genotoxic effects werg onl
mix presented as ratios treated/control cultures iguad)
(Robbiano et al. 2004
5.7.2 In vivo data
Test Species Dose Harvest Observations and remarks
(tissue)| groups time (include route of administration)
Micro- mice 62.5-250 |24,48h Result: negative
nucleus test| bone | mg/kg bw Toxicity: at highest dose tested
marrow| 1 X i.p. Remark: OECD TG 474
(BASF AG 1996
Chromo- rat 5, 16, or | beginning of Result: negative for both endpoints
somal spleen |50 ppm primary cell Toxicity: mitotic index decreased in blood
aberrations | and (0.025, cultures less thanlymphocytes, cell cycle delay
& SCE blood |0.082,0.251 h after
lympho | mg/L) termination of
-cytes |inhalation | exposure,
6h/day, 5 |cytogenetic
days/week| analysis after 54
for 21 days h (blood lympho-
cytes) or 72 h
(spleen lympho-
cytes) (Kligerman et al. 1983
UDS test rat 200,500 [12h Result: negative
hepatoc mg/kg bw Toxicity: no data
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Test Species Dose Harvest Observations and remarks

(tissue)| groups time (include route of administration)

ytes 1xp.o. (Mirsalis et al. 1982
DNA- rat liver|4 mg/lkg |24 h Result: weak positive
binding & bw Toxicity: no data

kidney, [1 x sc Remark: non-routine method

mouse

liver &

lung (Novartis 1997
DNA- rat liver| 0.1 ug-102h Result: positive
binding mg/kg bw Toxicity: no data

1xi.p. Remark: non-routine method

4.1 ug/kg |4, 12,24 h, 3,7,

bw 14,21d

1xi.p. (Li et al. 2003
DNA rat 300 mg/kg| unclear Result: inconclusive for both endpointsiityx
damage & |kidney |bw no data
Micronuclei 1xp.o. Remark: methodically inadequate

(Robbiano et al. 2004)

Conclusion: no classification.

5.7.3 Human data
574 Other relevant information

5.7.5 Summary and discussion of mutagenicity

Nitrobenzene was negative in several bacteriak testh a number of Salmonella typhimurium

strains. For genotoxicity of nitrobenzene in mamamakells in vitro no test according to current

guidelines was available. The two most reliabldstesa chromosomal aberration test in Chinese
hamster lung cells and a test on unscheduled DN#hsgis in human hepatocytes - revealed
negative results. Inconclusive results were obthima mammalian cell gene mutation test, a
chromosomal aberration test in primary human lynegtes and further non-routine tests and a
weak positive result were reported from micronusléest in Chinese hamster lung cells. These
studies were either methodically inadequate orffitsently described and were not considered as
relevant for risk assessment.

In vivo no mutagenic effect was detected in a bo@erow micronucleus test in mice (OECD TG

474) (BASF AG 1996) and in a test on chromosomairrabions and SCE in lymphocytes from

peripheral blood and spleen from subacute expaatsdvia inhalation (Kligerman et al. 1983). In

rats, no UDS was induced in rat liver after singigh oral doses (Mirsalis et al. 1982). However, a
DNA-binding capacity was detected in vivo in twodies after subcutaneous or i.p. application in
liver and lung of mice and in liver and kidney ats (Novartis 1997 and Li et al. 2003).

Due to the DNA-binding capacity a tissue specingtoxic potential of nitrobenzene responsible
for a genotoxic mechanism of carcinogenesis cameoexcluded, but due to the low binding
capacity alone a genotoxic mode of carcinogenisitsather unlikely. From the available negative
data for micronuclei formation, chromosomal abéoreg, SCE and UDS in rodents in vivo it can
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concluded that nitrobenzene is not suspected td exgagenic effects on germ cells. Nitrobenzene
should not be classified as a mutagen.

5.7.6 Comparison with classification criteria

Criteria to be met:
A substance can be classified according to Direddiv/548/EEC to Muta, category 2 if it there is a
sufficient evidence to provide a strong presumptioat human exposure to the substance may
result in the development of heritable genetic dgemgenerally on the basis of:

* — appropriate animal studies,

» — other relevant information.
To be classified to Muta, cat. 3 (DSD classificatisystem) there should be evidence from
appropriate mutagenicity studies, but this is ifisignt to place the substance in category 2.

Within the CLP classification system the classiiima in Category 1B is based on:

— positive result(s) from in vivo heritable germlgautagenicity tests in mammals; or

— positive result(s) from in vivo somatic cell mgéamicity tests in mammals, in
combination with some evidence that the substaasgbtential to cause mutations to germ cells. It
is possible to derive this supporting evidence frontagenicity/genotoxicity tests in germ cells in
vivo, or by demonstrating the ability of the sulpgt or its metabolite(s) to interact with the genet
material of germ cells; or
— positive results from tests showing mutageniea® in the germ cells of humans, without
demonstration of transmission to progeny; for exiamgn increase in the frequency of aneuploidy
in sperm cells of exposed people.

Existing evidence:The resultof thein vivo mutagenicity tests ( BASF AG, 1996, Kligerman let a
1983, Miralis et al. 1982) summarized in the tadddeve provide evidence that nitrobenzene do not
induce mutations in somatic cells. No mutageniaifis also observed im vitro mutagenicity tests
summarized in section 5.7.1. Sporadic inconclusresults in some tests were due to
methodological insufficiencies.

5.7.7 Conclusions on classification and labelling

The properties of nitrobenzene do not warrantsdfiaation for mutagenicity neither in DSD nor in
CLP classification system

5.8 Carcinogenicity

5.8.1 Carcinogenicity: oral
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5.8.2 Carcinogenicity: inhalation
Species/strai conc. | Exposur| Duration of Observations and remarks (effects of
n group size| mg/l e treatment major toxicological significance)
time
Rat F-344 |0, 1, 5)6h/d 107 weeks |F-344 rats (Table 6, Table 9)
(m/f) (60 25 ppm 5d/week In male F-344 rats, the incidences of hepatocellula
animals/ sex/(0, 0.005 adenoma, hepatocellular adenoma or carcinomaj and
group, plus|0.025, renal tubular adenoma were increased. Male F344 rat
10 animalsf0.13 had a marginally increased incidence of thyfoid
sex/group mg/L) follicular neoplasia (adenoma or adenocarcino A
for interim female F344 rats, the incidence of endometrialnsat
sacrifice at 6 polyps was increased.
months) The tumor rates at multiple target organs increagtu
dose-dependency (see Table 6). The increases ir|tum
incidences reached significance at 25 ppm in [rats.

Although there may be some increase in tumor ré&les,
ppm appear as the dose without significant tymor
response.
Nitrobenzene exposure was associated to incrgased
relative and absolute organ weights of the lived|an

kidneys in the 25 ppm exposed rats of both sgxes.
Higher incidences of rough granular cortical swuefac
noted in the rats of the final sacrifice groups léaa5
ppm and 25 ppm females) were considered indicative

chronic  progressive  nephrosis. Exposure-related
anaemic effects were seen in 25 ppm males| and
females. Red blood cell counts, haematocrit |and

haemoglobin levels were depressed, methaemoglobin
concentrations were elevated at 25 ppm (0.13 mp/L)

nitrobenzene An increase of MCV, nucleated RBC(Cs,

polychromatic cells, macrocytes, the presence
Howell-Jolly bodies and leucocytosis were notedrie
or both sexes of this dose group. An elevation GIT(>
(males) and elevated bilirubin (both sexes) we%o

of

in 25 ppm exposed groups. In general, the incid
severity of microscopic lesions at the final sa
were greater in males than in females.

Several lesions represent a progression from wizet
observed at the interim sacrifice. In addition tu)
above reported noneoplastic lesions at tumor sit
there was an increased incidence of extramedl
haematopoiesis of the spleen (1 and 5 ppm m
pigmenttaden macrophages (25 ppm exposed fen
and males of all dose groups), an increased incglen
and severity of sinusoidal congestion of the relgp fail
dose groups). Stromal hyperplasia of the spleen|
found in two 5 ppm and two 25 ppm males and o
ppm and one 25 ppm females versus none in theat
groups. An increased severity of chmmmiephropath
and an increase in the number of convoluted tu
containing  intracytoplasmatic and intralumi
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eosinophilic droplets, an increase in the amour
yellowish-brown pigment, and an increase in

suppurative tubular inflammation was nibt@ expose
males and females (significance at expostBeppm)
Hyperplasia and inflammation of the submucosal dgj
in the anterior portion of the nose (level 1 +iggd by
respiratory epithelium were present in 25 ppm m

AN

ales

and females. Because of high incidences of spootene

lesions of the testis no treatment-related effecid bdg
identified in F-344 males.
(CIIT 1993; Cattley et al. 1994)

Rat
Sprague-
Dawley (CD)

(m) (60
animals/sex/
group,
plus 10
animals/sex/
group for
interim
sacrifice at 6
month)

0, 1, 5
25 ppm

(0, 0.005
0.025,
0.13
mg/L)

6h/d
5d/week

107 weeks

CD rats (Table 8 Table 9:)

In male CD rats, the incidences of hepatocel
adenoma and theombined incidences of hepatocelly
adenoma and carcinoma were increaskd;incidenc
of hepatocellular cainoma alone was not affected
nitrobenzene exposure.

Except renal changes

associated with chi

progressive nephropathy, no other macroscopicrfgjdi

was found in CD males at the end of the study
increased incidence of sinusoidal congestion

evident at all nitrobenzene concentrations. A
exposure-related increase in the severity of sp
extramedullary haematopoiesis and degree
pigmentation was also noted. Testes atrophy
present both in control and nitrobenzene exposdds]
There was a positive trend in exposed rats, in
increased incidences of this lesion were preserth
ppm exposed and 5 ppm exposed rats. An incrg
incidence of bilateral hypospermia in the epididges
was observed in the 25 ppm exposed males. Ch
nephropathy was noted in both the control

nitrobenzene-exposed males, with only a slightedaseg
in severity of the change noted in the 25 ppm expaps

group. In addition, the secondary lesions assat]
with severe chronic nephropathy (parathy
hyperplasia, fibrous osteodystrophy, soft tis
mineralization) were increased in these animals.

Nasal changes consisted of inflammation in therame

nasal passages. Increased incidences and sevé
suppurative exudate, subacute inflammation,
mucosal epithelial hyperplasia were seen in maiedl
dose groups. Brown pigment in the submucosa g
olfactory epithelium, which was commonly found
control and exposed animals, was evident in a thi
increased amount in males of the 5 and 25 ppm grQ
(CIT 1993; @ay et al. 1994)

onic

An
was
inor
leni

of
was
ha
that
n
pased

ronic
and

h

jate
roid
sue

Fity o
and
o
f the
in
hh
up

Mouse
B6C3F1

(70m/70f)

0, 5 25
50 ppm

(0, 0.025
0.13,
0.26

e6h/d
5d/week

107 weeks

B6C3F1 mouse (Table 10, Table 11)

In male B6C3F1 mouse, the incidences
alvedar/bronchiolar adenoma, alveolar/ bronchi
carcinoma, and thwoid adenoma were increased.

female B6C3F1 mouse, the incidence of mamir
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mg/L)

gland adenocarcinoma was increased.

(contd.)
In addition, female B6C3F1 mice exposed
nitrobenzene had a marginally increased inciderft
hepatocellular adenomas.
In mouse, increases in tumor incidences were
evident in multiple target organs and signifid
increase was seen at the lowest dose tested (5
above.
At 2 year sacrifice, RBC counts and haematocritey
lower for 50 ppm males and 5 and 25 ppm dks
females of these groups also had decreasd
haemoglobin. The MCH and MCHC were higher
males and females of the 50 ppm groups. Malesé
50 ppm exposure group and female 25 and 50
exposure groups (0.13 and 0.26 mgHha}l increases
methaemoglobin. Clinical chemistry revealed hid
activities of ALAT in males of the 25 and 50 p
groups. In 50 ppm exposed female mice, absolutd
relative organ weights of the liver and kidney w
increased, 25 ppm exposed male mice also sh
increased relative liver weights. In addition te thon;
neoplastic lesions of organs with treatmeziated
tumors already reported above, nwoplastic lesior
were also observed in other organs. Nasal inflarmm
lesions consisting of increased incidences@tretion g
respiratory epithelial cells (in female mice of dlbsd
groups, and 50 ppm exposed males),
glandularization of respiratory epithelium (50 p
exposed males and females) were evident. In adg
increased incidences of degeneration dods of
olfactory epithelium (females of all dose group$,
ppm and 50 ppm exposed males) along with dilatig
submucosal glands and accumulation of submu
brown pigmentontaining macrophages
nitrobenzene exposure groups) was observed.
Nitrobenzene inhalation also resulted in incre:
incidence of lymphoid hyperplasia of the spleen
ppm exposed females), bone marrow hypercellulbi
ppm and 50 ppm exposed males), increased inci
of adrenal cortical vacuolization (25 ppm and 50n
females), increased incidence of thymic involutiéf
ppm females), increased incidence of testicularpty
(50 ppm males), bilateral hypospermia of
epididymis (50 ppm males), increased incidenc
renal cysts (50 ppm males), and mononuclear
infiltration in pancreas (50 ppm females).

(CHT 1993;t0ay et al. 1994)

Conclusion:

Classification as Carcinogen Category 3 and R-ghRag0 is confirmed (see Summary and discussiorj).
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Table 8: Incidence of selected neoplastic lesiaris-844 and Sprague-Dawley CD rats following nienobene exposure

Female F-344 incidence (%)

Male F-344 incidence (%)

Male CD incidence (%)

Tissue Diagnosis 0 ppm 1 ppm 5 ppm 25 ppm 0 ppm 1 ppm 5 ppm 25 ppm Oppm | 1ppm | 5ppm 25 ppm
0 mg/L 0.005 mg/L | 0.026 mg/L | 0.128mg/L | O mg/L | 0.005mg/L | 0.026 mg/L | 0.128 mg/L | 0 mg/L 0.005 |0.026 mg/L| 0.128 mg/L
manll
Liver Hepatocellular 0/70 (0) 2166 (3) 0/66 (0) 3/70 (4) 1/69 (1) T3/69 (4) 3/70 (4)| 15/70(21)1/63 (2) T|1/67 (1)| 2/70 (3) | 7/65 (11) P
adenoma P
Hepatocellular 0/70 (0) T | 0/66 (0) 0/66 (0) 2/70 (3) 0/69 (0) T1/69 (1) 2/70 (3) 4/70 (6) 2/63 (3) 0/67 (OR/70 (3)| 2/65 (3)
carcinoma
Hepatocellular 0/70(0) T | 2/66 (3) 0/66 (0) 4/70 (6) 1/69 (1) T4/69 (6) 5/70 (7)| 16/70 (23)2/63 (3) T| 1/67 (1)| 4/70 (6) | 9/65 (14) P
adenoma or P
carcinoma
Kidney | Tubular adenomg 0/70 (0) 0/66 (0) 0/66 (0) /7000) | 0/69 (0) T| 0/68 (0) 0/70 (0) 5/70 (7) H 2/63 (3) 0/67 (02/70 (3)| 0/65 (0)
Tubular 0/70 (0) 0/66 (0) 0/66 (0) 0/70 (0) 0/69 () 0{6% | 0/70 (0) 1/70 (1) 0/63 (0) 1/67 (L)O/70 (0)| 0/65 (0)
carcinoma
Tubular ademong 0/70 (0) 0/66 (0) 0/66 (0) 0/70 (0)] 0/69 (0) TO/68 (0) 0/70 (0) 6/70 (9) H 2/63 (3) 1/67 (12/70 (3)| 0/65 (0)
or carcinom
Thyroid | Follicular cell 0/69 (0) O O 2/68 (3) 0/69 (0) 0/69 (0) 2/70 (3 2/70 (3 2183 (| 4/64 (6)| 2/68 (3) | 3/64 (5)
adenoma
Follicular cell 0/69 (0) O O 1/68 (1) | 2/69 (3) T 1/69 (1) 3/70 (4) 6/70 (9) 4/63 (6) 1/64 (21/68 (1) | 2/64 (3)
adeno-carcinoma
Follicular cell 0/69 (0) O O 3/68 (4) | 2/69 (3) 1| 1/69 (1) 5/70 (7) 8/70 (11) 5/63 (8) 5/64 (8B/68 (4)| 5/64 (8)
adenoma or
adeno-carcinoma
Uterus | Endometrial 11/69 (16) | 17/65 (26)| 15/65 (23) 25/69 (36) O O O 0 O O O ad
stromal polyp T P
Testes | Interstitial cell O O O O 61/69 (88) 52/56 (93), 58/61 (95) 65/70 (93)| 3/62 (5)| 6/66 (9)7/70 (10)| 4/61 (7)
tumor
Multiple | Mononuclear cell| 11/70 (16) | 5/66 (8) 4/66 (6 0/70 (0)) 12/69 (17%/69 (7) 4/70 (6) 0/70 (0) 1/63 (2) 4/67 (6P/70 (0)| 0/65 (0)
leukaemia
Note: T, significantly positive nitrobenzene exp@stelated trend in incidence determined by Coclranitage trend test, p < 0.05.

P, significantly different from incidence in O-pprantrol group determined by Fisher Exact Test,(p0s.
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Table 9: Incidence of nonneoplastic lesions in rats

Female F344 incidence (%)

Male F344 incidence (%)

Male CD incidence (%)

Tissue | Diagnosis 0 ppm 1 ppm 5 ppm 25 ppm 0 ppm 1 ppm 5 ppm 25 ppm 0 ppm 1 ppm 5 ppm 25 ppm
0 mg/L 0.005 mg/L | 0.026 mg/L 0.128 mg/L 0 mg/L 0.005 mg/L | 0.026 mg/L | 0.128 mg/L 0 mg/L 0.005 mg/L | 0.026 mg/L | 0.128 mg/L
Liver Eosinophilic | 6/70 (9) T| 9/66 (14)| 13/66 (20) 16/70 (23) R6/69 (42) T| 25/69 (36) 44/70 (63)57/70 (81)| 11/63 (17)| 3/67 (4) 8/70 (11)| 19/65 (2¢
foci P P T
Centrilobular | 0/70 (0) 0/66 (0) 0/66 (0) 0/70 (0) 0/69 (0) T 08 | 8/70(11)RH 57/70(81)| 3/63(5) T 1/67 (1) | 14/70 (20)39/65 (60)
hepato- P P P
cytomegaly
Spongiosis 0/70 (0)T| 0/66 (0) 0/66 (0) 6/70 (9) K 25/69 (36) 24/69 (35)| 33/70 (47) 58/70 (83)25/63 (40)| 25/67 (37)| 25/70 (36) 37/65 (57)
hepati: =] T P
Kidney | Chronic 58/70 (83)| 51/66 (77) 60/66 (91) 67/70 (9¢) 69/600) | 64/68 (94) 70/70 70/70 54/63 (86)| 60/67 (90) 63/70 (90F9/65 (91)
nephropathy (100) (100)
Tubular 0/70 (0) 0/66 (0) 2/66 (3) 2/70 (3) 2/69 (3) T 2183 2/70 (3) | 13/70(19) 3/63(5) 1/67 (1) 5/70 (7) 6/65 (9
hyperplasia P
Thyroid | Follicular cell | 1/69 (1) O 0 0/68 (0) 0/69 (0) T 1/69 (1) 2/70 (3 4/70 (6 2183 2/64 (3) 1/68 (1) 4/64 (6
hyper-plasia
Nosé | Pigment 37/67 (55)| 54/65 (83)| 60/65 (92) 66/66 40/67 (60) T| 53/67 (79) 67/70 (96)| 68/69 (99)| 42/63 (67)| 49/64 (77)| 60/66 (91)58/61 (95)
deposition T P P (100) P P P P T P P
olfactory
epith
Testes | Atrophy, O O O O 61/69 (88) | 50/56 (89) 59/61 (97) 61/70(87) 11/68)(| 17/66 (26)| 22/70 (31)35/61 (57)
bilatera T P
Epidi- | Hyposper- O O O O 15/69 (22) | 21/54 (39) 12/59 (20) 12/70 (47) 8/68)(XI| 13/65 (20)| 15/67 (22) 32/59 (54)
dymis | mia, bilateral P
Spleen | Extramedul- | 60/69 (87)| 62/66 (94) 60/66 (91) 65/69 (94) 53/89)( | 62/69 (90)| 65/70 (93)| 61/70 (87)| 58/63 (92) 56/67 (84) 61/69 (B) 60/68)
lary haemato- P P
poiesis
Pigmentation | 62/69 (90) 61/66 (92)| 60/66 (91) 68/69 (99)|P55/69 (91) P| 63/69 (91) 64/70 (91) 70/70 59/63 (94)| 58/67 (87)| 67/69 (97) 65/65
T P P (100) F T (100

Note:

80

T, significantly positive nitrobenzene exp@stelated trend in incidence determined by Coclranitage trend test, p < 0.05.
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Table 10: Incidence of selected neoplastic lesioi36C3F1 mice following nitrobenzene exposure

Male incidence (%)

Female incidence (%)

Tissue Diagnosis 0 ppm 5 ppm 25 ppm 50 ppm 0 ppm 5 ppm 25 ppm 50 ppm
0 mall 0.026 mall 0.128 mall 0. 256 mall 0 mall 0.026 mall 0.128 mall 0. 256 mall
Lung A/B adenom 7/68 (10) 1 12/67 (18 15/65 (23) | 18/66 (27) | 4/53 (8 11/60 (18 3/64 (5 2/62 (3
A/B carcinoma 4/68 (6) 10/67 (15) 8/65 (12) 8/68)( 2/53 (4) 0/60 (0) 4/64 (6) 4/62 (6)
A/B adenoma 9/68 (13)T 21/67 (31) P 21/65 (32) B 23/66 (35)|P  /5311) 11/60 (18) 6/64 (9) 6/62 (10)
or carcinom
Thyroid Follicular cell 0/6500) T 4/65 (6) 1/65 (2) 7164 (11) P 2/49 (4) /59(0) 3/61 (5) 2/61 (3)
adenom
Mammary Adeno- O O O O 0/48 (0) O O 5/60 (8) P
glanc caicinome
Liver Hepatocellular 14/68 (21) 18/65 (28) 15/65 (23) 14/64 (22 6/52) (1 5/61 (8) 5/64 (8) 13/62 (21)
adenom
Hepatocellular 12/68 (18) 13/65 (20) 12/65 (18) 8/64 (13) 1/51 (2) 2/61 (3) 3/64 (5) 1/62 (2)
carcinomi
Hepatocellular 25/68 (37) 30/65 (46) 22/65 (34) 21/64 (33 7/54)(1 7/61 (11) 7164 (11) 14/62 (23)
adenoma or
carcinoma

Note:

P, significantly different from incidence in O-pprantrol group determined by Fisher Exact Test,(p05.

T, significantly positive nitrobenzene exp@stelated trend in incidence determined by Coclranitage trend test, p < 0.05.
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Table 11: Incidence of selected nonneoplastic tesin B6C3F1 mice following nitrobenzene exposure

Male incidence (%)

Female incidence (%)

Tissue Diagnosis 0 ppm 5 ppm 25 ppm 50 ppm 0 ppm 5 ppm 25 ppm 50 ppm
0 mg/L 0.026 mg/L 0.128 mg/L 0. 256 mg/L 0 mg/L 0.026 mg/L 0.128 mg/L 0. 256 mg/L
Lung A/B 1/68 (1) T 2/67 (3) 8/65 (12) P 13/66 (20) P 0/68 ( 2/60 (3) 5/64 (8) P 1/62 (2)
hvpoerplasi
Bronchializatio 0/68(0) T 58/67 (87) P 58/65 (89) | 62/66 (94) P 0/53(0) T 55/60 (92) | 63/64 (98)|P  62/62
Thyroid Follicular cell 1/65(2) T 4/65 (6) 7165 (11) P 12/64 (19) P 2/49T 1/59 (2) 1/61 (2) 8/61 (13)
hyperplasi
Liver Centrilobular 1/68 (1) T 15/65 (23) P 44/65 (68) H 57/64 (89)|P /51Q0) T 0/61 (0) 0/64 (0) 7/62 (11) P
hepatocytomeg
aly
Multinucleated 2/68 (3) T 14/65 (22) P 45/65 (69) H 56/64 (88)|P  /51Q0) 0/61 (0) 0/64 (0) 2/62 (3)
hepatocyte
Nosé Glandularizatio| 10/67 (15) T 0/66 (0) 0/65 (0) 27/66 (41) P 0/52T0 0/60 (0) 0/63 (0) 7/61 (11) P
n of respirator
Increased 0/67 (0) T 0/66 (0) 3/65 (5) 6/66 (9) P 2/52 (4)T| 7/60 (12) 19/63 (30) P 32/61 (52) R
secretory
product.
respiratory
epith
Degeneration/lo  1/67 (1) T 1/66 (2) 32/65 (49) P 41/66 (62) P oBRT 19/60 (32) P 47163 (75) P 42/61 (69) P
ss. olfactory
epith.
Pigment 0/67 (0) T 7/66 (11) P 46/65 (71) H 49/66 (74)|P  5200) T 6/60 (10) P 37/63 (59) A 29/61 (48) P
deposition.
olfactory epith.
Testes Diffuse atrophy 1/68 (1) 0 0 6/66 (9) 0 O 0 O
Epididymis Hypospermia 3/68 (4) O O 11/66 (17) P O 0 O 0
Bone marrow. | Hypercellula- 3/68(4) T 10/67 (15) P 4/64 (6) 13/66 (20) P 4(8p 0 0 9/62 (15)
Femu rity
Thymus Involution 10/48 (21) O O 10/44 (23) 7/41 (17) 0 O 22/57 (39) P
Kidney Cyst 2/68 (3) O O 12/65 (18) P 0/51 (0) O O 0/62 (0)
Pancreas Mononuclear 3/65 (5) O O 3/64 (5) 1/46 (2) O O 8/62 (13) P
cell infiltrate
Note: T, significantly positive nitrobenzene expesrelated trend in incidence determined by Catifvanitage trend test, p < 0.05.

P, significantly different from incidence in O-pprantrol group determined by Fisher Exact Test,(p05.

aLevel 3
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5.8.3 Carcinogenicity: dermal

5.8.4 Carcinogenicity: human data

5.8.5 Other relevant information

5.8.6 Summary and discussion of carcinogenicity

Following long-term inhalation of nitrobenzene tummcidences at six organ sites were
significantly increased. (see Table 12)

Liver tumors

Hepatocellular neoplasms (adenoma and adenoma@naaa) were induced by nitrobenzene in
male F344 rats and in male CD rats but not in Hé#dales. Female CD rats had not been tested.
Increased incidences of eosinophilic foci were saenid and high dose male F344 rats and female
F344 rats of the high dose group. Spongiosis hepatsed as a synonym to focal cystic
degeneration) was present in all high dose grofifoith strains and sexes. In mid and high dose
males of both rat strains, a dose-related increésentrilobular hepatomegaly (syn. centrilobular
hypertrophy) was observed. Spongiosis hepatis asth@philic foci did not show a coincidental
occurrence with the liver tumor rates. The onlyideswhich may be considered as a possible
critical event preceding the tumor development itrobenzene exposed mammals was the
occurrence of centrilobular hypertrophy. This hyyasis is supported by solely males of both rat
strains showing hypertrophy and liver cell tumofssuming that hypertrophy represents the
precursor lesion in liver cell tumor developmehg tbsence of the hypertrophy may be indicative
for the prevention of tumor growth in the low dageup. Whereas liver tumors were only seen at
the high concentration, hypertrophy was evidertheamid and high dose groups. - Hypertrophy of
centrilobular hepatocytes in rodents is commonlgoamted with a metabolic activation of
microsomal enzymes. Up to now, there is no evideta nitrobenzene activates liver cell
enzymes. Due to the differences in the occurrelngeertrophy was obviously not associated with
other hepatotoxic effects. Degenerative lesionsisting of spongiotic hepatis were also described
in female F344 rats, but none of them showed hygelny - In B6C3F1 mice, the incidences of
centrilobular hypertrophy were increased signiftgam all male dose groups and in high dose
females, but no significant increase of liver ¢ethors was seen. Female mice exclusively showed
a non-significant higher rate of liver adenomaghat high dose group. Another non-neoplastic
lesion described in male B6C3F1 mice of all treathggoups was the occurrence of multinucleated
hepatocytes which did not show any associationrmt development in the liver.

In summary, liver cell tumors in males of two ratasis appeared to be linked to nitrobenzene.
Looking for nonneoplastic liver effects as possihladerlying toxic events in the tumor
development, none of the toxic effects observegsupd enough evidence to explain the tumor
development. There was no coincidence of toxioolesiand neoplasia and no concurrent dose-
response relationships except an apparent cohexdncentrilobular hypertrophy and liver cell
tumors.

Kidney tumors

Nitrobenzene exposure resulted in higher ratesilmfilar adenomas and of combined incidence of
tubular adenomas or carcinomas in high dose m#lE84#4 rats. In this dose group, the incidence
of tubular hyperplasia, considered to represent rengoplastic lesion, was also increased
significantly. Chronic nephropathy observed atsate77-96% in female (control and dose) groups
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and at 94-100% in male (control and dose) groupB324 rats was not correlated to the tumor
response in high dose male F344 rats only. Inttdémbeosinophilic (hyaline) droplet inclusions

were observed in F344 rats (10/10 males, 2/10 fesratl 125 ppm) following 14 day-inhalation and
in males at 5 ppm and above and in females at &bfpffowing a 90 day period of exposure. This
finding may indicate a degenerative effect in retddular cells of rats of this strain with males
more sensitive than females, which could be consdlas a toxic effect preceding tumor growth.

Thyroid tumors

Chronic nitrobenzene exposure was associated wgthifisantly increased incidence of thyroid
follicular cell adenomas in male B6C3F1 mice. Thserved tumor rates (none in control group,
6%, 2% and 11% in low, mid and high dose groupsiew®t dose-related. Tumor rates in high
dose female mice were lower (3%) than in the céngroup (4%). The incidence of thyroid
follicular cell adenocarcinoma was increased irrohénzene exposed male F344 rats (3% in
controls, 1%, 4%, or 9% in low, mid and high dosaugs), but this effect was considered marginal
since only the Trend test was positive, and thédrigncidences in the mid and high dose groups
were not significantly different from control vakieNo treatment-related effect was observed in
female F344 rats or male CD rats. In both male rarw male F344 rats, the increased incidence of
follicular cell neoplasms was associated with areased incidence of follicular cell hyperplasia
(significant only for male mice). In mice, it hagdmn suggested that hyperplasia of the thyroid
follicular epithelium represents a preneoplastiarde (McConnell 1992).

No other toxic effect on the thyroid was observadstudies with repeated administration of
nitrobenzene.

Thyroid carcinogenesis in rodents may occur as c@ratary response to microsomal enzyme
induction in hepatocytes, which elevates glucuratich and excretion of thyroid hormones. This
causes a continuously stimulated TSH productionamdnic activation of thyroid. The observed
hepatocytic hypertrophy in rats and mice could terpreted as indicative for enzyme induction
and could hint on a rodent-specific mechanism. Harehypertrophy of hepatocytes was also
significantly increased in male CD rats which dat develop thyroid tumors. Therefore at least in
the rat strains tested the occurrence of hepatdoytertrophy is not consistent to the development
of thyroid tumors as a secondary mechanism. Alsodata on enzyme induction, no proof of
altered serum levels of thyroid hormones and TSéHramdata on biliary excretion are available to
support this mode of action. Life-long metabolitization is also known to induce liver tumors. In
opposite to other hepatic enzyme inducers wherdrtsed rat is much more sensitive towards
thyroid effects than the mouse, the nitrobenzeeaté&d mice developed increased rates of follicular
cell hyperplasia and thyroid tumors but no livemtrs and males of both rat strains had liver
tumors, while only marginal increases in follicutzll hyperplasia were found in both strains and
marginal increase in thyroid adenocarcinomas wehg @bserved in the F344 male rats.

While for the rat the induction of UDP-glucurondsghsferase is often supposed to contribute to
this mechanism, an induction of UDP-glucuronosyiéfarase is unknown for the mouse. The
knowledge of species differences among the ratgl #re humans’ regulation of thyroid
homeostasis (such as a higher turnover of thyroicmbnes, higher TSH serum levels, lack of
thyroxine binding globulin (TBG) in rats than inrhans) could not simply be applied on the mouse
thyroid status (e.g. the mouse TBG is similar t;mhas).

In principle, UDP-glucuronosyltransferases are aidie in humans through a number of
substances (Griem et al.,, 2002). However, such naluctive mechanism is not known for
nitroaromatic compounds.
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Finally, a rodent-specific mode of thyroid carcieogsis could not completely be ruled out, but at
present no sufficient evidence is available to glast a likely mode of action.

Uterus tumors

High dose F344 females exposed to nitrobenzenauhaucreased incidence of endometrial stromal
polyps, a relatively common spontaneous lesiorhefuterus in this strain. The overall incidences
of endometrial stromal polyp in all exposure grop8-36% vs. 16% in control females) were

within the range of historical data (up to 37%,rieger and Jokinen 1990). Toxic nitrobenzene-
related effects on the uterus were not observethig study or any other repeated dose study.
Because of the high spontaneous rate in the F3#lés and that the tumor rate of high dose
females was within historical control values, thesariation of these benign uterus tumors to
nitrobenzene exposure was considered as equivocal.

Lung tumors

The incidence of alveolar/bronchiolar adenomas ahermice increased related to the dosage, but it
gained significance only at 50 ppm nitrobenzendigher rate of adenocarcinomas was seen in all
dose groups, but their incidences did not reachifsignce and were not dose-related. The
spontaneous incidences in control groups were 618846l for lung alveolar/bronchiolar adenomas,
respectively adenocarcinomas for males and 4 antb8%males. The combined incidence of lung
adenomas and carcinomas in male B6C3F1 mice didxuated the 2-year historical control ranges
(up to 42%, Rittinghausen et al., 1996). Consisferthe incidences of alveolar/bronchiolar
hyperplasia considered as a preneoplastic lesiae wereased in males of the 25 and 50 ppm
groups. Another nonneoplastic lesion, the alveblanchialization was evident with dose-related
higher incidences in all male and female group8@®T3F1 mice. Other repeated dose inhalation
studies revealed hyperplasia of the bronchial epitm in male and female B6C3F1 mice
(Medinsky and Irons 1985). Females did not showg ltumors after nitrobenzene treatment, but
alveolar bronchialization, respectively bronchigpérplasia, was evident.

The moderate spontaneous lung tumor rates, theofadkse-relationship (for combined adenomas
and adenocarcinomas and for adenocarcinomas admaoke)he fact that increased tumor rates are
still in the historical control range are uncertas to consider lung tumors as nitrobenzene-relate

Mammary tumors

Increased incidence of mammary gland adenocarcisom@s seen in female mice exposed to 50
ppm nitrobenzene. No other adverse effect was isetfas or other repeated dose study.

Conclusion and rationale for classification

Nitrobenzene was classified with Carc. Cat. 3, R401994 and introduced in Annex | of
67/548/EEC with the 22. ATP, corresponding to C&at. 2, H351 under Regulation (EC) No
1272/2008 (CLP). With respect to carcinogeniciygre are no new relevant data available.

Chronic inhalation of nitrobenzene induced increaseidence of tumors of the lung and thyroid in
male B6C3F1 mice, and higher tumor rates of the mamg gland in the female mice. No clear
causal relationship of nitrobenzene to the munimg ltumors could be recognized. Although a clear
dose-response-relationship was not present fotatveand mid dose groups, the thyroid tumors
(only adenomas) at the high dose must be considaseditrobenzene-induced since no rodent-
specific mechanism could be applied. Due to theemtes of tumors in untreated controls the
mammary tumors were also contributed to the nitnabae treatment.

The tumor sites observed in nitrobenzene exposed did not clearly show coincidence with the
tumor sites in the rat strains. In male F344 ragsosed to nitrobenzene higher rates of liver and
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kidney tumors were seen and female F344 rats hghbehiincidences of uterine neoplasms.
Although not gaining significance, it could not IBxcluded that increased rates of thyroid
adenocarcinomas in F344 rats were associatedrtubaiizene. A single tumor site was related to
nitrobenzene treatment in CD rats; males of thisirst had liver cell adenomas and
adenocarcinomas similar to F344. The treatmenttioaship of the uterine tumors appears
unequivocal due to the high spontaneous rates vhéeliver tumors in two rat strains and the
kidney tumors in one rat strain have to be considas caused by nitrobenzene treatment.

Table 12: Incidences of the significantly increasetimors after inhalation of nitrobenzene

F344 rats f F344ratsm |CD rats m B6C3F1 mice f | B6C3F1 mice m
Lung: 13% (0 ppm)”,
Adenoma or 31% (5 )
carcinoma* 32% (25 ppm),

35% (50 ppm)

Liver: 1% (0 ppm})”, |3% (0 ppm),
Hepatocellular 4% (1 ppm), |1% (1 ppm),
adenoma or 4% (5 ppm), | 6% (5 ppm),
carcinoma* 21% (25 ppm) | 14% (25 ppm)
Kidney: 0% (0 ppm}",
Tubular 0% (1 ppm),
Adenoma or 0% (5 ppm),
carcinoma* 9% (25 ppm)
Thyroid: 3% (0 ppm}j” 0% (0 ppm}",
Follicular cell 1% (1 ppm) 6% (5 ppm),
adenoma or 7% (7 ppm) 2% (25 ppm),
adeno- 11% (25 ppm) 11% (50 ppm)
carcinoma*
Uterus: 16% (0 ppm)
Endometrial |,
stromal polyp |26% (1 ppm),

23% (5 ppm),

36% (25 ppm)
Mammary 0% (0 ppm),
gland: 8% (50 ppm)
Adeno-
carcinoma

Wunderlined values: significantly different from idence in 0-ppm control group determined by Fidbeact Test, p<0.05.
(M only significantly positive exposure-related tréndncidence determined in Cochran-Armita Trend tes
*combined incidences

In summary, nitrobenzene is carcinogenic in twocgse mice and rats, and in two rat strains. For
the kidney tumors a cytotoxic mode of action mightacceptable as the likely mode, but for the

other tumors observed, a toxic effect possibly @dery the tumor development was not clearly

identified. Other target sites with marked toxicéych as hematopoietic system (erythrocytes and
spleen), nose or testes did not show a tumor regpon

From a conservative view, the findings support thessification as a carcinogen of category 2
(CLP: 1B) although no mutagenic potential has bdentified. Supportive arguments for category
2 (CLP: 1B) may be given by a general concern &ciaogenicity of nitroaromatic compounds. A
number of substances with structural similarities riitrobenzene were already classified as
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carcinogens, category 2 (CLP: 1B) such as 2-niwette (CAS 88-72-2), 2,4-dinitrotoluene (CAS
121-14-2), 2,6-dinitrotoluene (CAS606-20-2), 2,8ittbtoluene (602-01-7), 3,4-dinitrotoluene
(CAS 618-85-9), 3,5-dinitrotoluene (CAS 618-85-9,5-dinitrotoluene (CAS 619-15-8), 4-

nitrobiphenyl (CAS 92-93-3), 2-nitroanisole (CAS-23-6), 5-nitroacenapthalene (CAS 602-87-9),
and 2-nitronapthalene (CAS 581-89-2).

Weighing the evidence for the distinction betweategory 2 (CLP: 1B) and 3 (CLP: 2), there are
also arguments to propose a classification as oatey(CLP: 2) carcinogen:

. The genotoxicity data available did not give @santial concern that nitrobenzene is
mutagenic. Testing in vitro (bacterial tests, chosomal aberrations test, UDS in human
hepatocytes) and in vivo (MN test in the mousdstes chromosomal aberrations and SCE on rat
lymphocytes, UDS in rat hepatocytes) were negathMethough DNA binding for rat liver and
kidney and for mouse liver and lung could in prpleiindicate a mutagenic effect, relatively low
DNA binding activities were estimated in the stuafyNovartis (1997). Also, the DNA binding
activities did not reflect the distribution of tunscamong sexes since no sex-specific distributfon o
activities was found in the rat liver, the rat kégis and the mouse liver. Covalent binding indices
were equally low in both sexes for the rat lived dine mouse liver, however liver tumors were only
observed in the male rat liver. The weak positivADbinding alone was interpreted as an
insufficient argument for a genotoxic mode of aatidt present, nitrobenzenes’ carcinogenicity is
thought to be mediated by a non-identified, nonegaexic mechanism.

. Nitrobenzene is readily metabolized in humans anoinals via all exposure routes to a
number of nitroaromatic compounds. A nitro-reduetdnzyme activity in organs or intestinal nitro-
reduction produces aniline probably via nitrosoleerez and phenylhydroxylamine. Aniline is
classified as a carcinogen, category 3 (CLP: 2)anmutagen, category 3 (CLP: 2). The sparse data
available for nitrosobenzene and phenylhydroxyl&ndo not allow a conclusion about their
genotoxic potential (Bomhard and Herbold, 2005), data are available to conclude on their
carcinogenic potential. Aniline might be appliedr foomparative evaluation sharing with
nitrobenzene the same metabolites (nitrosobenzahelaenylhydroxylamine), and its classification
as carcinogen, category 3 (CLP: 2) would suppaet dame category for nitrobenzene. But this
comparison is limited by differences in the obsdrimor spectrum: associated to the haemolytic
toxicity - the spleen was the only tumors sitedailine.

. Although there is supportive evidence from catggd (CLP: 1B)-classified nitroaromates
with structural similarities, it must be considerthdt the spectrum of metabolites from which one
or multiple metabolites should be suspected todhgeaas the ultimate carcinogen is quite different
to those of nitrobenzene. Multiple tumor sites appd to be common for representatives of the
compound group; however the spectrum of target tusites could differ considerably. Liver
tumors were also observed from 2-4-dinitrotoluend a-nitroanisole, but tumor types or tumor
sites were not consistent to those of nitrobenzene.

. A consistency of tumor findings does only exwst liver tumors found in one sex of two rat
strains. Other target organs did not show congigtacross rodent species, sex and across strains.
The observed diversity of tumor sites among ratsraice may be explained by differences in the
metabolic pattern. For example, F344 rats are knmaform p-hydroxyanilide at a higher rate than
CD rats or B6C3F1 mice (ratio 19:9:3.6, see RAR720@ble 4.1 in 4.1.2.1.1). In rats no excretion
of p-aminophenol was found and a higher percentdge-nitrophenol and n-hydroxyacetanilide
was seen (see RAR 2007, Table 4.1 in Section 4.1)2 Differences in intestinal nitro-reduction
and its contribution to the generation and absonptf metabolites could also exist between
species, strains and sexes. Although the exactaneshs of tumor production remain unknown for
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nitrobenzene, the absence of consistency for tuegponses among species and sexes weakens the
evidence for category 2 (CLP: 3).

Based on the evidence from the present databasepibposed to confirm the classification and
labelling is confirmed:

Carcinogen, Category 3, Harmful, Xn, R 40, Limieaddence of a carcinogenic effect.

(CLP: Carcinogen category 2, H351 Suspected humerinogen)

5.8.7 Comparison with classification criteria

Criteria to be met:
A substance can be classified according to Direct7/548/EEC as category 2 carcinogenic
substance if there is sufficient evidence to prevédstrong presumption that human exposure to a
substance may result in the development of cageeerally on the basis of: —

- appropriate long-term animal studies,
— - other relevant information.
or to Category 3 of carcinogenic substances whalise concern for man owing to possible
carcinogenic effects but in respect of which thailable information is not adequate for making a
satisfactory assessment. There is some evidence &ppropriate animal studies, but this is
insufficient to place the substance in category 2.

Within the CLP classification system the classiiima in Category 1B presumed to have
carcinogenic potential for humans, classificati®targely based on animal evidence.
Such evidence may be derived from:

— animal experiments for which there is suffici€) evidence to demonstrate animal
carcinogenicity (presumed human carcinogen). Initeag on a case-by-case basis, scientific
judgement may warrant a decision of presumed hug®ginogenicity derived from studies
showing limited evidence of carcinogenicity in humatogether with limited evidence of
carcinogenicity in experimental animals. The plgoof a substance in Category 2 is done on the
basis of evidence obtained from human and/or anistadlies, but which is not sufficiently
convincing to place the substance in Category 1ABybased on strength of evidence together
with additional considerations (see section 3.§.23lch evidence may be derived either from
limited (1) evidence of carcinogenicity in humanudseés or from limited evidence of
carcinogenicity in animal studies.

Existing evidence: There are no data on carcinaggniof nitrobenzene in humans thus
classification has to be based on results of anghalies. The long-term carcinogenicity study of
nitrobenzene has been performed by one sciengfitre (CITT,1993; Cattley et al. 1994) on male
and femaleF-344 rats, male Cd rats exposed tobeitrzene vapour at concentrations 0, 0.005,
0.025, 0.13 mg/L (0, 1, 5, 25 ppm) for 6h/d, 5dbiw 107 weeks and male and female B6C3F1 mice
exposed to nitrobenzene vapour at concentratipf005, 0.025, 0.13 and 0.26 mg/L (O, 1, 5, 25
and 50 ppm) for 6h/d, 5d/w for 107 weeks . The galtithe study is reduced because some internal
organs considered by the authors as nontargetetissoh as lungs, kidney, adrenals, prostate,
testes, ovaries, uterus were not microscopicallgmered in all exposed animals, but were
examined only in control and highest exposed gemimals.

Mice. In male mice there was statistically sigrafit increase in frequency of animals with benign
lung adenoma and thyroid adenoma in the 0.13mgdumr but not in frequency of lung or thyroid
carcinoma. In female the frequencies of lung aden@nd carcinoma were not different form
control. The frequency of lung adenoma and contbm#enoma and carcinoma in control male
and female mice were 13% and 11 %, while in tighést dose group they were more frequent
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35% and 10%. There was increase in frequencyashmary gland carcinoma ( 8%) in female

mice exposed at 0.26 mg/L, but

female mice exposedower concentrations were not

microscopically examined. Historical control valugsre not given. There was a relatively high
frequency of hepatocellular adenoma and carcinomdiver of control and exposed mice,
apparently not treatment related, reaching 37 % 28f&b in control and highest dosed males,
respectively, and 14% in control female and 23%igmest dose animals
Rats. There was as statistically significant iaseein frequency of animals with hepatocellular
adenoma in liver in male F344 and CD rats, butindemale F344 rats, exposed at the highest
concentration, however there no increase in frequeh these adenomas in rats exposed at lower
concentrations. There was also an increased fnreguaf animals with tubular adenoma in kidney
in male F344 rats exposed at highest concentratidh13 mg/l, but not in other exposed F 344
females and male CD rats. There was not treatnedated increase in hepatocellular carcinoma nor
in tubular carcinoma in male or female rats.

This evidence of carcinogenicity should be intetguleas limited because there was significant
increase in frequency of benign neoplastic chamsges as adenoma in lung and thyroid only in

male mice, but not in female mice.

Increase in many gland carcinoma in highest group of

female mice could not by supported by the resultow exposed group because they were not
microscopically examined. The location of benigmawrs in rats were different than in mice.
They were located only in liver of maleF344 and C&ts, and in kidney of F344 rats , but not in
female F344 rats. So there is inconsistency in plastic responses between mice and rats and
between females and males, which is lowering agtheof evidence.
Based on this limited evidence it is proposed &ssify nitrobenzene in CLP system for category 2
carcinogens, H 351 and in the DSD system to CayegjoR 40 limited evidence for carcinogenicity

5.8.8

Conclusions on classification and labelling

Based on this limited evidence it is proposed &ssify nitrobenzene in CLP system for category 2
carcinogens, H 351 and in the DSD system to CayegjoR 40 limited evidence for carcinogenicity

5.9 Toxicity for reproduction
5.9.1 Effects on fertility
Species| Route Exposure | Number Observations andremarks
Dose time of gen.
exposed
Rat Inhalation |Premating 2-generation reproductive toxicity study
Sprague-|0 (air), 1, [(10 wks): 6 , _
Dawley |10, and 40 |hr/day, 5 Mating procedure and exposure regimen for the Fbalg
(m/f) (30 |ppm (0.005,days/week identical with those for the FO rats. F2 pups weesel
animals/ 10.051 and exposed to nitrobenzene by inhalation. F1 males
sex/ 0.204 mating and sacrificed after mating were used for recovery istif
group)  |mg/L) gestation: 6 high-dose and control group males were allowedvwaeéi
hr/day, 7 (one spermatogenesis cycle) nonexposure period thke
days/week 2-week mating period. At the end of the recoveryiqus)
dams they were mated to nonexposed virgin females oneato;
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exposed
until g.d. 19

after
delivery
from p.n. d.
5 on dams
only
(without
litters)
returned to
exposure
until p.n.
day 21

F, animals
were
allowed a 2
week
growth
period
without
nitro-
benzene
exposure.

one basis.

No mortalities and no treatment-related clinicainsi of
abnormality in the FO and F1 rats during the ergkposur
period and during recovery. No biologically sigo#it
alterations in absolute body weights or body weiggins
due to nitrobenzene exposure, during gestation.Flaand
F, female rats exposed to 40 ppm had lower body W
gains when compared to controls, however, thidrfipavas
attributed to the decreased number of pregnant.
Differences in female body weight during gestatiorthe
recovery phase of the study were also attributettiedach
of pregnancies in the females mated with thenfales
formerly exposed to 40 ppm nitrobenzene.

The fertility index (number of pregnancies/numbefy

females mated) clearly decreased in the 40-ppmpgnou

Fo, F1 and the recovery groups (16/30, 3/30, and 1;
respectively). No statistically significant altacgis in
fertility were observed in the 1- or 10-ppm groups,

Also, in R females of the 4@pm group the gestation ind
(numbers of pregnancies with live litters/number
pregnancies) and the number of implantaioweré
decreased: of the three pregnant fEmales only on
delivered and in two of the three uteri examine
decreased number of implantations wearkserved. N
biologically significant differences in gestatiomdiex
number of implantations, number i@sorptions, resorptig
index (number resorptions/number of implantatios
duration of gestation were observed in the 1- oipa®
groups, no biologically significant differenceslitter size
at birth, number of viable pups, sex ratio, andvisat
indices on p.n. day 1, 4, or 21 of any generation.

U

pigh

rats

(0]

/30,

(cont.)
F, offspring body weights of the male and female pof
the 40 ppm group were approximately 12% lower
respective control values on p.n. day 21; thereewss
differences in body weight between control and gty
pups of the recovery generation.

Comment on Lactation effects:

There were no treatment-related clinical signs of
abnormality in the fand F rats during the
nitrobenzene exposure regimen which included
premating, mating, gestational, and postnatal periq
The live birth index, the survival index on dayrida
on day 4 and lactation index of &d F generations
were not affected by inhalation exposure to
nitrobenzene at concentration of 0.005 , 0.051 ang
0.204 mg/L. The mean survival indices for all greu
all generations, ranged between

S
than

p

(=)

93 and 100%. Instances of ecchymosis, hypoactiv

ty,
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hypothermia, and partial cannibalism of pups
were evenly distributed among control and
nitrobenzene-treated groups for all generationstta
F1 generation, body weight means of the male and
female pups of the 40-ppm group (0.204mg/L groyp)
were approximately 12% lower than respective cantro
values on Postnatal Day 21. The increase in then|
(0.005mg/l) k male body weights on Postnatal Dalys
14 and 2 1 was considered spurious. For the F
generation, male body weights on Postnatal Day ( of
both the 1 - and 10-ppm groups were lower than the
male control value only (numerical data not prowdids
Although male body weights of both the 1 and 10 ppm
groups were lower than control values on postnatg
Day 0, these decreases were only 5% below mearn and
were not observed on Postnatal Days 4, 7, 14, dnd 2
Thus, the body weight decreases in the F2 male plps
were not considered to be biologically significartie
survival index for Postnatal Days 1, 4, and 2 1
(lactation index) was unaltered for all nitroberzen
exposure groups of each generation A2,).
Beginning with Exposure Day 15 (Week 3) of the H
exposure regimen, clinical signs of sialodacryoéase
(SDA) viral infection were observed in several nsal
and females. These signs included swollen glands| of
the neck region, lacrimation, and conjunctivitislan
were common to all exposure groups (including
control). Signs of SDA viral infection were obsedve
through Exposure Day 26 (Week 6). During the
recovery phase, no nitrobenzene exposure-related
clinical signs were observed in the Fihle rats.

A\1”4

(U:'A'

Reductions in the size of the testes occurred,séaid sign
reductions in both lzs. and rel. weights of testes ;:
epididymides in F males of the 4@pm group after 1
weeks of exposure. There were similar observatioribe
F, males of the 4@pm group after 9 weeks of recovg
mean weights of testes and epididymides for thent-10
ppm groups of -and k generations were similar to cont
values. There were no microscopic changes in
reproductive organs of the female rats that coul
attributed to nitrobenzene exposure.

Biologically significant histopathological findingsvers
limited to the testes and epididymides of &hd k rats
exposed to 40 ppm nitrobenzene; specifically, &stes 0O
the K generation males of the 4®pm group ha
seminiferous  tubule atrophy and  spermato
degeneration. Degree and distributiontloé atrophy wer
marked to severe and multifocal or diffuse, regpelst, in
14/30 animals. In addition, there were giant syiat
spermatocytes observed in the seminiferous tubolg
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22/30 animals. The epididymides of these males
degenerated speatocytes in the tubular lumina 3
decreased numbers of spermatids. The microscopmnfs
for the testes of the;Fgjeneration males exposed to 40 |
for 12 weeks followed by a @eek recovery period we
similar to those for lesions of 40 pprp Rales.Marked o
severe atrophy of seminiferous tubules persisted1it3Q
animals. However, giant syncytial spermatocytes e
nearly absent and the active stages of spermal
degeneration in the seminiferous tubules were mask
frequent. As with the fmales, the epididymides of thesg
males contained degenerated spermatocytes anded
numbers of spermatids.

With regard to male reproductive organ toxicity
spermatogenesis a NOAEC of 10 ppm (equivalent t
mg/nt) is derived from this study. Ndgns of systemi
toxicity were observed in this study up to and g the
highest tested concentration of 40 ppm (equivaler205
mg/nt).

(Dodd et al. 1985, 1987)

see also 5.6.2:

Rat (CD, |Inhalation |14 days
16/ . 0.573 mg/L Persistent testicular and epididymal lesions asl \agl
group); 0.640 mg/L severe spermatotoxic effects were reported from
gz;ageue histopathological examination of the gonads frono tiv
y day inhalation studies with Sprague Dawley and F#4:
and F344 as well as with B6C3F1 mice at high concentratievelg
I\B/Igéglil of 112 ppm (573 mg/fh and 125 ppm (640 mgfn
(107 sex/ Considering testicular toxicity, respectively
dysspermatogenesis, a NOAEC in the range of 359t0 3
group) ppm (179 to 200 mg/th can be derived from these
subacute toxicity studies.
(DuPont 1981; Medinsky and Irons 1985)
Rat Inhalation |90 days see also 5.6.2:
F344 and|0.256 mg/L ) ) ) ) ) )
CD: Likewise, in a 90-day inhalation study with F344daDD
Mouse rats as well as with B6C3F1 mice moderate to s¢vere
B6C3F1 degeneration of tubular epithelial cells of thedssLeydig
cell hyperplasia and aspermia in the epididymisevfeting
at concentration levels of 50 ppm (256 md)/for the mal¢
rats but not for male mice. The NOAEC for testicidad
spermatotoxic effects in this study for rats wagppén (83
mg/nT).
(Hamm 1984
Rat Oral Comment |Study |Some of the high dose animals exhibited neurolbgigas
Sprague-|0, 20, 60, |on exposure¢accordingand 2 males and 9 females (7 during pregnancy,riagju
Dawley |and 100 |duration: [to OECD|lactation) died during the study. Food consumptand
(10m/10f) mg/kg Male and |TG 422 |body weight gain was also reduced in this grpup.
female rats Haemolytic anaemia due to methaemoglobin formatiag
were dosed evident in treated males. There were significaotdases i
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once a day
for 14 days
prior mating
and during
mating (up
to 14 days)
and
gestation
(22 days)
periods to
day 3 of
lactation

in treated males along with significant decreasesesti

absolute and relative organ weights of the lived aplee{
ose

and epididymidis weights (60 and 100 mg/kg bw
groups).

Toxic changes were observed in the liver, kidngjeen
bone marrow and brain.

Histopathologically, all males in the high and meldosd
groups and one male in the low dose group (20 migyky
showed atrophy of seminiferous tubules, the sgvéging
dose-dependent. In addition, Leydig cell hyperplaaig
decreased numbers of cells with round nuclei
seminiferous tubule in the testes and loss of luntmanal
sperm in the epididymidis were observed. With respe
reproduction, there were no evident effects on tadjoun,
fertility, and implantation indices in treated daatthougl
the survival index of the dams was dramaticallgrdase
in the high dose group.

There were no abnormalities in the gestation peaiodi ir]
delivery conditions in remaining treated femalesd
controls. One dam died in the 20 and 60 mg/kg bougs

as well as the remaining two dams of the 100 mdpikagy

group during day 1 and 3 of lactation. The numidguups
alive on day O of lactation and the live birth irdeere
significantly decreased in the high dose group rmgub
were alive on day 4 of lactation. The viability éxdwagd
significantly decreased at that day also in themg@kg bw
dose group.

per

an

The pup body weights were decreased in the midadik a

high dose group on day 0 and on day 4 in male ptjpd
treatment groups and in the females of the miditied
group. No pups showed any external or visg
malformations.

A LOAEL systemic toxicity of 20 mg/kg bw/d was dezd
from this study based on changes in haematolg
parameters in males from each treated group. Nagd
without adverse effect on male reproductive syj3
(LOAEL 20 mg/kg bw/d, atrophy of seminiferous tuési
was investigated in this study.

(Mitsumori et al. 1994

eral

gical
DS
stem

Rat
Sprague-
Dawley
(70
males/grg
up)

Oral,
gavage

60 mg/kg
bw/d

controls
received 1
ml/kg
sesame oill

Upto 70
days

“ReproT
OX-
Protocol”
(OECD-
proposed
OECD
1990)

A further experiment was conducted to determinect
spermatogenic endpoints were affected by nitrolben
how changes were related to male fertility and homg 3
treatment period is needed before damage can beteét

An experimental group (n=70) of male Sprague-Da
rats was given nitrobenzene via gavage (10% imsesal)
each morning for up to 70 consecutive days at ag®
60 mg/kg bw/d. 70 control male rats received 1 g

sesame oil. Groups of treated and control males wated

to normal proestrus females on day 7, 14, 21, 2858, o

hi

vley

17k

70 of treatment. Male rats were sacrificed on thg dfte
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mating, and testes and epididymides weights, Spoenmt

and sperm morphology, sperm motility, progresksive

motility of sperm, as well as copulation and féstiindices
were examined.

No change in testicular and epididymal weight was

observed in the 7-day treatment group.

Significant and pronounced organ weight decrdases

however were observed in all groups sacrificedehier
Histopathological observations of the testes reag

decrease in elongated spermatids and the appeacd
multi-nuclear giant cells in the day 14 group. Nawege if
sperm count was observed in the 7-day group. Tketgp
count of the 14-day group was significantly redute84%
of the control value. Sperm counts of the 21-daugrand
all groups thereafter were dramatically decreasesitiynto
less than 10% of the control values. Sperm motiiys
decreased beginning on day 14 of treatment as
progressive motility, and no progressive motilityas
observed beginning on day 21. Sperm viabilitieshef 7-

<

day and 14-day treatment groups were comparable to

control values, whereas it was significantly deseektd
20% at 21 days. Thereafter sperm viability was lbss
10%. Abnormal sperm rate increased from treatmantd

on to about 40 to 50% in the later treatment grqups

Copulation indices were comparable in the contral all
treatment groups. In the control group all femalesr¢
fertilized. Fertility indices of the 7- and 14-d&gatmeng
group were unaffected. A significant decrease tility

index was observed in the 21-day treatment gfoup.

No more pregnant animals were obtained from grdops
which rats were treated for 28 days or longer. Deden
this study thus demonstrated, that the fertilitgein due t
oral nitrobenzene exposure was not affected uptirg
count was depressed at or below 10%.

L=

(Kawashima et al. 199b)

Rat Oral 13 weeks For mice as well as for rats reduced rorgaights fof
Mouse |18.75, 75, testes and epididymides as well as a decreaseermsp
and 300 density and sperm motility and an increase in peagge of
(mouse) or abnormal sperm were indicated for dosages of 1&3%,
9.4, 37.5, and 300 (mice) or 9.4, 37.5, and 75.0 (rats) mdigd
and 75.0 (testing of lower dosages was not indicated).
(rats) For the female sex no data were given, since miomitaf
mg/kg bw/d vaginal cytology was revealed not to be a suitable
screening parameter.
For the oral route of administration the dosage9cf
mg/kg bw/d (LOAEL) investigated in this study irtsavag
the lowest dose tested.
(Morrissey et al. 1988)
Rat Oral One single In an oralstudy with F344 rats groups of six rats gdach
F344 50, 75, 110|treatment received single dosages of 50, 75, 110, 165, 200, 8
165, 200, 450 mg nitrobenzene/kg bw in corn oil for dose cms;J

94

ce



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON NIROBENZENE

300, or 450
mg/kg bw
in corn oil

evaluations. Three rats at each dosage were sadify
and 5 days after administration.

For time-response evaluations groups of three eatd]
were orally dosed with 300 mg nitrobenzene/kg bwadm
oil and sacrificed at 1, 2, 3, 4, 7, and 10 dayerfaf
administration. Liver, testes, and epididymides ejer
histologically examined.

Testicular lesions were restricted to the seminif
tubules in this study. The early lesion consist

spermatocytes at days two and three after 300 &0
nitrobenzene/kg

cells within the seminiferous tubules were detec
addition, necrotic debris and decreased number of
spermatozoa were noted in the epididymis as earthre
days and as late as ten days after nitrobemzene
administration. No apparent effect on the epidi
epithelium was reported from this study.

(Bond et al. 1981)

Rat
F-344

Oral

300 mg/kg
bw in corn
oil

Single dose
with

observation
for 100 days

epithelium after single dose administration, in uatte
study sperm production had been continuously moet
in F344 rats, the vas deferentia of which had peen
anastomosed with the urinary bladder to allow cimjon

monitoring of sperm output by microscopically caogt
the number of sperm in collected urine. Six weeksrla
surgery rats were dosed p.o. with a single dosg006fmg
nitrobenzene/kg bw in corn oil and followed up ¢o fip td
100 days. Degenerative changes in the seminiferous
tubules were observed histologically as early adaq
after dosing. Pachytene spermatocytes and step 1-2
spermatids were shown the most susceptible stagds a

were observed forming giant cell stages as earlthiges
days after treatment. A 17-day period of aspermesalted
sperm were not detected in the urine of treatediratween
32 and 48 days after treatment. By days 76 - 109 rate
of sperm output recovered and reached 78% of thea
group. By day 100 after treatment, an approxima®8yg
regeneration of the seminiferous epithelium could b
observed.

To investigate the possible regeneration of tmirsi&ar:j
0

|=)

(Levin et al. 1988

Rat
Sprague-
Dawley
(6m)

Oral

300 mg
nitrobenzen
e/kg bw

Single dose
with

observation
for 14 days

Nitrobenzene was further investigated within inslzor}
duration test design evaluated for screening afoayrtive
responses. Groups of six male Sprague-Dawley @tH e
were orally treated once with a single dose of B3Qf
nitrobenzene/kg bw, sacrificed after 2, respecgfivéh
days, and investigated for organ weight and histapagy]
of testes and epididymides, sperm count and sperm
morphology. No quantitative data are available friig
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study. It is reported that fourteen days aftertineat teste
and epididymides weights had decreased as welladl
epididymal sperm count and an increase in abnospexin
morphology was observed. Histopathology reve
degeneration of spermatocytes as soon as two degn
treatment.

(Linder et al. 1992

S
5 h

aled
5 a

)

Rat
Sprague-
Dawley
(6m)

Oral

300 mg/kg
bw in corn
oil

Nitrobenzene was further tested within a comparan
viva/in vitro test design using modulation of the Sertoli
immunoreactive inhibin secretion as an indicatardarly
detection of adverse effects of chemicals
spermatogenesis. Groups of six male Sprague-Danalg
were gavaged with doses of 300 mg nitrobenzenefkn
corn oil and sacrificed 1 and 3 days after treatnfer
collection of testicular interstitial fluid.

Testicular weight was significantly reduced at yglpost

treatment, and there was a significant increasharievels$

of immunoreactive inhibin in testicular fluid atthol and

cell

on

o<

p

3 days after treatment. Also in cultures of isalate

seminiferous tubules or Sertoli cells of untreatatll

males the incubation with 0.01 or 1 mM nitrobenzég

1-3 days induced a dose-related increase in bathl laand
stimulated secretion of immunoreactive inhibin.

(Allenby et al. 1991

Rat
Wistar

(m)

Oral
300mg/kg
bw

Nitrobenzene was further evaluated within ianvitro/ex
vivo test design where male Wistar rats received ale
oral dose of 300 mg nitrobenzene/kg bw or the Vel
Seminiferous tubules were isolated 1 or 3 daysr
treatment at different stages of the spermatocytite ang
cultured in the presence of radiolabelled methierior 24
hr. The culture medium was then analyzed for sed
proteins containing radiolabelled methionine.

Testicular weight was significantly reduced aftearid 3
days post-treatment. Incorporation of methionin® itng
secreted proteins was significantly decreased éatéq
groups and dependent on the stage of the spermmt
cycle at which the tissues had been isolated. Alasi
effect was noted, when tissues from control ratse
incubated in vitro with 0.1 mM nitrobenzene for @472
hr. The relative abundance of several potentialker

ng
ic
afte
|

et

hge
m
ve

Al

proteins secreted by seminiferous tubules was @uing

dramatically upon treatment.

(McLaren et al. 1993

Rat/
Mouse

Dermal
male rats:
0.05, 0.2
and 0.4
mg/kg bw/d
male
mouse:
0.05, 0.2
and 0.4

13 weeks

For male rats reduced organ weights éstes an

Q=

epididymides as well as a decrease in sperm deasi
sperm motility and an increase in percentage obabal
sperm were indicated for dosages of 0.05, 0.2 a

mg/kg bw/d.

0

For male mice decreased testicular weight and sperm

motility as well as increased percentage of abnbsmer

were indicated for dosages of 0.05, 0.2 and 0.4kopg/
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mg/kg bw/d

bw/d.

(Morrissey et al. 1981)

5.9.2

Developmental toxicity

Inhalation exposure

Species/Strairf Dose Exposure Observations and remarks
(mg/kg)
Rat 0.005, g.d. 6 to 15 |Female rats were exposed to nitrobenzene vapodsl&t, an
CD 0.051 and|for 6 hr/day |40 ppm (5.1, 51.2 and 204.8 mgjm
(26 1) 0.205 (whole _ _ " _
mg/L chamber The animals were observed daily for clinical S|_gjm|s)ughout
administra- |the study (g. d. 0 to 21), and maternal body weigtetre takep
tion) on g.d. 0. 6, 9, 12, 15, 18, and 21. After saaifam g.d. 2;

L=

maternal liver, spleen, kidney, and uteri weightsemtaken an
the ovarian corpora lutea of pregnancy were courAddive
and dead foetuses as well as late and early resoiptes werg
noted and recorded. All live foetuses were weighad sexef
and examined for external malformations includifeftqalate
One-half of the foetuses in each litter were exawhirfor
thoracic and abdominal visceral abnormalities idilg
craniofacial structures, the other half was exanhifoe skelet
alterations.

There were no maternal deaths, early deliveriegbartions.
The pregnancy rate was high and equivalent foctmrol an
all treatment groups. There were no exposure-iglat
concentration-related clinical signs of toxicitypoeted. In th
40 ppm group maternal weight gain was transiergiguce
during the treatment period, however, at sacrifieg¢ernal bod
weight was equivalent across all groups. Spleeng
(absolute and relative) were statistically sigrmifidy increase
at 10 and 40 ppm with a clear-cut exposure-relagsgponse.
Absolute and relative liver weights were also iased at 4
ppm but the differences were not statistically gigant.
Histological examination of maternal organs and sueame
of methaemoglobin levels were not performed. Gi
parameters were unaffected by treatment. The dorin
treatment groups did not differ in number of cogbutea pgr
dam, in number of resorptions, dead and live festyeer litte
in percentage pre- or postimplantation loss, in Isio or i
foetal body weight per litter. Foetal evaluatiomevaaled thgt
there was no significant increase in the numbelittgfrs with
one or more affected foetuses at any exposure ntatie
relative to controls for individual and total extat, visceral,
skeletal malformations. There was a significantease in th
incidence of total malformations at 1 ppm but nbfi@ or 4
ppm relative to that of controls. In the absencamincreasgd
incidence of any specific malformation and in thmsence df
any concentration response, this finding was notsicere
treatment related. The incidences of variationsrditlindicat
foetal toxicity, likewise there were no indication$ reduce
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foetal body weights or any other signs of foetalidity. In
terms of developmental toxicity, a NOAEC of 40 pgg05
mg/n?) can be derived from this study. In terms of nmedér
toxicity a NOAEC of 10 ppm (51 mg/Ancan be derived.

(Tyl 1984; Tyl et al. 1987

~—

New Zealand
White rabbits

10, 40,
and 100
ppm
(0.051,
0.205,
0.513
mg/L)

g.d. 7to 19
for 6 h/d
(whole
chamber
administra-
tion)

Groups of 22 pregnant females were exposed tobeitizene at
target concentration levels of 10, 40, and 100 [fequivalenf
to 67, 302 and 660 mgAnon g.d. 7 to 19 for 6 h/d (whd
chamber administration). Animals were weighed armkrn
detailed physical evaluations at regular intervalaring
gestation. At sacrifice on g.d. 30 each female giasn a gros
post-mortem evaluation and the livers as well bBbad sampl
were taken for analysis of haemoglobin and methgérbmn
levels. Corpora lutea and uterine implantation deése alsg
recorded. Foetuses were measured for body weightiawn-
rump length. After gross external examination adittises wele
evaluated for visceral and skeletal malformationyariations
in ossification.

e

[2)

11%

No adverse effect of treatment was evident from enme
mortality data. Mean body weight data during géstatverg
comparable between the control and treated groupsidversge
effect of treatment was evident from physical fe-evaluations
or from gross post-mortem evaluations. Mean livezight
(absolute and relative) were increased in the roskdrelativ
liver weight 2.81 +/- 0.56 at 40 ppm compared t&22+/- 0.4
for controls) and high-dose group animals (relaliver weight
2.82+/- 0.53 at 100 ppm). While haemoglobin valus]
sacrifice were comparable between control and édegtoup
mean methaemoglobin values were significantly higthery
controls (40 and 60% increase ) at the mid-dosehégitdosé¢

group.

No adverse effect of treatment was evident frongipaacy ratg
data, premature delivery or abortion data. Cordotea andl
uterine implantation data were comparable betwiercontrol
the 10 and the 40 ppm group. In the high-dose grihvgpmea
number of resorption sites, the mean percentagesoirption
to implants and the incidence of females with rngBons wers¢
slightly higher than control; however, these diferes fron
control data were not statistically significant. Hdverse effe¢
of treatment was evident from foetal weight or anenump
distance data or foetal sex distribution data. ek viscerg|
and skeletal evaluation of foetuses from treatashfes did ng
reveal an increase in malformation rate nor aneia®e in the
incidence of external, visceral or ossificationiaBons.

\U

Ur— 0

174

- o U7
— =]

—*

In terms of developmental toxicity, a NOAEC of 4fnp (209
mg/nT) can be derived from this study. For maternaldibyial
NOAEC of 10 ppm (51 mg/fh based on increaskd
methaemoglobin levels and increased liver weightierived.

(Bio/dynamics Inc. 1984)

Conclusion: no classification
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5.93 Human data

As residents of the maternity ward after partunfidive mothers had eaten a cake that had
contained an ingredient to simulate a bitter almtaste in autumn 1944. Lacking a comprehensive
chemical analysis for the causative agent, instéachtural bitter almonds and almond paste it may
have contained either nitrobenzene and/ or othdrstances like aniline, benzaldehyde or

benzonitrile. The mothers did not reveal any clhhgymptoms but on the next morning (approx. 15
hours after ingestion), their breast-fed babies dekloped a strong to very strong cyanosis. The
children did not show any additional symptoms amel ¢yanosis receded largely in the next 24
hours. The children were not breast fed for 1,8 ttays. They received large amounts of tea, and if
necessary oxygen and heart stabilizing drugs (Dyeli 1949).

594 Other relevant information

5.9.5 Summary and discussion of reproductive toxicity

Fertility

Acording to section 3.7.1.3 of CLP regulation adeeeffects on sexual function and fertility
encompass any effect of substances that has temt@btto interfere with sexual function and
fertility. This includes, but is not limited to,tatations to the female and male reproductive syste
adverse effects on onset of puberggmete production and transport reproductive cycle
normality, sexual behaviour, fertility, parturitioppregnancy outcomes, premature reproductive
senescence, or modifications in other functionst thiee dependent on the integrity of the
reproductive systems.

According to Directive 67/548/67 effects on malefemale fertility, includes adverse effects on
libido, sexual behaviour, any aspect of spermategisnor oogenesis, or on hormonal activity or
physiological response which would interfere witle tapacity to fertilise, fertilisation itself dret
development of the fertilised ovum up to and inadgdmplantation.

Effects of nitrobenzene meeting classification créria

Practically all studies of repeated toxicity dentoaied that nitrobenzene causes serious adverse
effects on spermatogenesis in different speciesohls:

1. degeneration of seminiferous tubular epithelamd atrophy of seminiferous tubule of rats
exposed by gavage for 28 days at the dose of 12&gnighimo et al. 1994)

2. atrophy of seminiferous epithelium, hypospermat®sis and presence of  multinucleate
giant cells in testes of male F344 rats exposdbeatiose of 75 and 150 mg/kg to nitrobenzene for
90 days via gavage, and in testes of male B6C3[E#& miposed at the dose of 150 and 300 mg/kg
to nitrobenzene for 90 days via gavage (NTP 19884 from U.S. EPA (2009)

3. moderate to severe degeneration of tubular @mtlcells was noted in the testes of all F344
males exposed by inhalation to 0.26 mg/L (50 ppon) 0 days . This consisted of a maturation
arrest at the level of primary and secondary spercytes and was usually accompanied by
interstitial edema and Leydig cell hyperplasia. Almsence of mature sperm was noted in the
epididymis of these animals, together with the g@mnegs of proteinacious material within the lumen

of the ductus. ( CIIT subchronic study, 1984/ Ham®g4.)
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4, CD rats exposed by inhalation for 90 days &t highest concentration — 0.26 mg/L
displayed a marked bilateral testicular atrophyesponse to nitrobenzene, as indicated by a loss of
seminiferous epithelium with only a few scattergmbrenatogonial cells present, interstitial cell
hyperplasia, oedema, and the absence of maturenspdahe epididymal lumen. ( CHT subchronic
study, 1984/ Hamm, 1984.)

5. bilateral atrophy of the testis (57% at the bighdose vs 18% of controls) and bilateral
hypospermia of the epididymis (54% at the highestedvs13% of controls) was observed in CD
male rats exposed for 2 years by inhalation tah#&nzene at the highest concentration of 0.13mg/!
as well as increased incidence of hypospermia ididpnmis in male mice exposed for 2 years by
inhalation at concentration of 0.26 mg/l (Cattléyak (1994); CIT (1993)

6. atrophy of seminiferous epithelium, hypospermat®sis and presence of  multinucleate
giant cells in testes of male F344 rats exposetttobenzene for 90 days via dermal exposure at
doses of 400 and 800mg/kg and in testes of ma(&3B& mice exposed by dermal route for 90
days at doses of 400 and 800 mg/kg to nitrobentNi® 1983a cited from U.S. EPA (2009)
(NTP,1983b study cited from US EPA, 2009).

7. atrophy of the seminiferous tubules, hypeipla$ Leydig cells, and loss of intraluminal sperm
in the epididymides in male SD rats exposed for- 43l days by gavage at doses of 60 or 100
mg/kg-day nitrobenzene in sesame oil ( Mitsumogelafi994)

The alteration of fertility due to disturbancessipermatogenesis were confirmed in 2-generation
reproductive toxicity study and other studies

1. reduced fertility index (number of pregnanciesiber of females mated) SD rats in FO and
F1 generations and reduced gestation index ( nuwfbegregnancies with live litters/number of
pregnancies ) in a 2-generation study, in whick vatre exposed by inhalation at concentration of
0.204mg/l 6hr/day, 5 days /week for two generatiohsese reductions were associated with
atrophy of seminiferous epithelium in testes of &l F1 generations exposed at the highest
concentration of 0.204mg/l (Dodd at al. 1987).

2. reduced fertility index of rats receiving 60y of nitrobenzene by gavage after 3 weeks
of exposure. The value of fertility index was fuathdropping down with duration of exposure
leading to infertility of male rats after 28 day$ eéxposure. The fertility index due to oral

nitrobenzene exposure was not affected until speownt was depressed at or below 10%.
(Kawashima et al. 1995)

The studies reviewed in the background documentigeecsufficient evidence that nitrobenzene has
a property of causing serious alterations of speytogenesis and spermiogenesis in two animal
species: rats and mice; leading to reduced feralitd to infertility of male animals. Thus there is
sufficient evidence providing a strong presumptioet human exposure to the nitrobenzene may
result in the same adverse effects on the bas@eair evidence in animal studies of impaired
fertility. These toxic effects were occurring ab@and the same or lower dose levels as other toxic
effects and they were not a secondary non-spemfisequence of the other toxic effects.

Developmental toxicity

Investigations in rats and rabbits with the inhalatroute of application did not reveal any
developmental toxicity (including teratogenicity}saciated with the exposure to nitrobenzene
during organogenesis at concentration levels thatlyred no observable maternal toxicity or
produced some slight maternal toxicity.
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Effects on or via lactation

Very young children are more susceptible to mettwgabinaemia, the main cause of toxicity of
nitrobenzene in man and animals (Beauchamp et98R2)1 This is due to newborns still having
foetal H", which is more susceptible to metHb formation tlaalt Hb (Goldstein et al. 1969).
Also, the activity of NADH-cytochrome b5 reductasiee enzyme required for the conversion of
ferric iron to ferrous iron in Hb, is not fully deloped in infants and very young children
(Wentworth et al. 1999) and neither is G6PD adgtjvitn enzyme required to replenish NADPH
(Goldstein et al. 1969). Lastly, the neonates’ releaee capacity is estimated to be about half of an
adults’ in the first four weeks post parture (B&§§0).

Based on its low molecular weight of 193, and its lipophilicity with a partition coefficienbgP

of 1.85 at 30°C, a good permeability into the fectus glands after systemic distribution is
reasonable. Nitrobenzenes water solubility is sigfit for toxic doses, notwithstanding the
lipophilic components of milk. There is a high like@od of accumulation and milk concentrations
in excess of the maternal plasma concentrationn Bubstances with a comparable molecular
weight and lower lipophilicity such as p-acetylaophenol (Paracetamol, MW 151.%%,,, logP
0.49) and a-methylphenethylamine (Amphetamine, MW 135.24,,, logP 1,80) exhibit
milk/plasma-ratios in ranges of 1.0 to 3.0 and -ha#ds in mammary tissue extended by 50%
(Berlin et al. 1980, Findlay et al. 1981, Steineale 1984).

The case of breast-fed cyanosed babies whose mdthdreaten an aromatized cake (Dollinger
1949) is an indication of a nitrobenzene-associatttt, since nitrobenzene was frequently found
in solutions of false bitter-almond-oil (Zeitoun3i¥ and other substances used to substitute natural
ingredients even in Europe during and right atberwar (Hogl 1952). Other substances with bitter
almond smell such as benzaldehyde (LDoral 1.3g#tg.1.0g/kg, guinea pig) or benzonitrile
(LD50oral 971mg/kg; mouse) are less toxic, or dbinduce clinical symptoms of cyanosis such as
hydrogen cyanide (HCN), and therefore less likelave caused the effect. The report of
Dollinger, 1949, does not provide a proof that neothwere exposed to nitrobenzene. In addition
the hypothesis which could be based on this repattnitrobenzene may induce toxic effects on or
via lactation is not supported by results of 2-gatien study (Dodd et al. 1987) and Mitsumori et
al. 1994 study.

In a two-generation study in Sprague-Dawley ratsddet al. 1987) the only significant finding in
the litters derived from rats exposed at the higleeacentration of 0.204mg/L (40 ppm) was an
approximate 12% decrease in the mean body weighl gfups on Postnatal Day 21. There was no
reduction of body weight of F2 weanlings on posthatay 21 in any exposed groups, which
suggest that this body weight decrease in F1 ggoeravas not treatment related. No weight
differences had been noted between all dose grngbsontrol animals at parturition. The live birth
index, the survival index on day 1 and on day #vel as lactation index of F1 and F2 generations
were not affected by inhalation exposure to nitrdeme at concentration of 0.005 , 0.051 and
0.204 mg/L. The mean survival indices for all greupll generations, ranged between 93 and
100%. The maternal toxicity of FO lactating daexposed at 0.0204 mg/L was not demonstrated
in a 2-generation study of Dodd at al. (1987),ibutas only based on lack of visible clinical signs
of abnormalities. The levels of haemoglobin and haetoglobin were not measured in a 2-
generation study of Dodd at al. (1987), howeves ithighly probable that their levels in lactating
mothers exposed at 0.204mg/l were severely affettechts exposed for 90 days to nitrobenzene
by inhalation at concentration of 0.26 mg/l ( Harh&84) comparable to concentration used in the
study of Dodd et al. (1987), the level of metherbgi were significantly increased up to ca. 10%,

™ More fetal Hb than adult Hb until about 10 montifisige. Fetal Hb is present until about 2 yearsgef.
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followed by increase in bilirubin, fibrosis of ggin and hyaline degeneration in kidney. Thus slight
reduction of weight of weanlings only in first geagon could be due to marked maternal toxicity
leading to haemolytic anaemia of lactating motmansinvestigated in a study of Dodd at al. (1987)
A screening study (Mitsumori et al. 1994, largelgngg OECD TG 422, which is insufficient for
postnatal effects) reports methaemoglobinaemianénRO generation, and reduced body weights
(F1) in males of the low dose group on day 4 aspaved to day O after parturition, additional to
reduced body weights of the middle and high doseimat parturition and reduced viability among
those groups (67%, 0%). In the study of Mitsumdriaé 1994 female rats were receiving
nitrobenzene 14 days before mating, during matigestation and up td%3 day after parturition at
doses of 20, 60 and 100mg/kg. None of pups boriefdmale rats exposed at 100mg/kg survived till
4 day after parturition, viability of pups duringst 4 days of life of females exposed at 60mg/kg
was reduced to 66.9%, while viability of those esgub at 20 mg/kg (99%) was equal viability of
control pups (99.1%). Mean body weight gain of up the control group for male and female
pups were : 3.1 — 3.1g, in the 20mg/kg group: 2&7g and in the 60mg/kg were: 1.7 — 1.7 g,
which demonstrated that nitrobenzene significamtfluence body weight gain during first 4 days
of lactation. No data were provided on further@lepment. Taking into account that in studies of
developmental toxicity on female rats and rabbitposed by inhalation at 0.051; 0.205 and
0.503mg/L during organogenesis did not reveal dgprakntal toxicity, showing nevertheless toxic
effect on mother, the results of reduced viabiiihd reduced body weight gain of surviving pups
observed in the study of Mitsumori at al. (1994yldobe interpreted as showing effect on or via
lactation, if the lactating mothers were not sevartoxicated. However, the doses of 60 and 100
mg/kg given by gavage in the study of Mistsumoralketl994 were causing severe intoxication of
mothers. The animals exposed at 100mg/kg/day fr8naday of exposure exhibited piloerection,
salivation, emaciation and anaemia. In some ofettssmals; torticolitis, circling movement and
abnormal gait was observed. Both males and fenslles/ed decrease in food consumption and
decrease in body weight gain. Seven females oL@ ah the 100mg/kg group died during gestation
and 2 during lactation period, which demonstratesty of intoxication with nitrobenzene at this
dose. In the 60mg/kg group the anaemia was sedhdhrats from day 19 of pregnhancy and
neurological signs such as abnormal gait and tiitie were observed in one rat from day 1 of
lactation. The females in the 60mg/kg group alsowsd decreased food consumption and
inhibition of body weight gain during lactation. ®female each from the 60 and 20 mg/kg died
during lactation (Mitsumori et al. 1994). The l&ve®f haemoglobin and RBC in males rates
exposed at doses of 20, 60 and 100mg/kg were mignify reduced ( females were not examined)
and level of methemoglobin was significantly in@ee in comparison with control rats. Having
that in mind the reduction viability of pups duriddirst days of lactation and reduced body weight
gain of pups on day 4 of lactation was due to mmalertoxicity leading to anaemia,
methemoglobinemia, reduced body weight and dealdictdting female rats.

5.9.5.1 Comparison with criteria

Fertility

Reduced male fertility and/or atrophy of spermatigeepithelium, or degeneration of tubular
epithelium in testes were observed at exposurddamducing low increases of methemoglobin
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concentration in blood (well below 10%), but nogthienough to result in significant hypoxia in
peripheral tissue.

The following reprotoxic effects were observed:

1. in rats exposed for 10 weeks by inhalation Htikeely low exposure levels of 40 ppm (
0.204mg/l) (Dodd et al. 1985, 1987), no methemioigloneasurements

2. in male rats exposed by inhalation for 2 yeatsoncentrations of 5 and 25 ppm ( 0.026—
0.13mg/l) with very small increase in percentagenethemoglobin amounting in control rats and
rats exposed at concentration of 1, 5 and 25 ppra4anonths to 2.7%, 2.9% 2.4% and 4.6%

3. in male rats exposed for 90 days by inhalationoacentration of 50 pp ( 0.26mg/l) with
methemoglobin level of 10%, (Hamm21984, CIIT, 1984)

4, in male rats exposed for 90 days by gavage aesdmof 75 and 150mg/kg with
methemoglobin level of 7.3 and 12.2 % respectiyBIyP, 1983a)

5. in male mice exposed for 90 days via gavageosesl18.75; 37.5; 150 and 300mg/kg with
methemoglobin level of 2.2%, 3.4%, 5.98% and 6.72¥%ncentration of metHb in control male
mice — 1.07 % (NTP, 1983a)

6. in male rats and mice exposed for 90 daysttobenzene via dermal route at doses of 400
and 800mg/kg, Only female mice showed a dose-kleterease in MetHb concentration (NTP,
1983b).

7. As a consequence of damage to spermatogenicebpit and reduced spermatozoa, the
reduced fertility in terms of reduced number ofgor@ncies and offspring was demonstrated in a rat
two-generation inhalation studpddd et al. 1985, 1987)

The results of these studies provide sufficientience that nitrobenzene has a property of causing
serious alterations of spermacytogenesis and spgemesis in two animal species: rats and mice;
leading to reduced fertility and to infertility ahale animals. Thus there is sufficient evidence
providing a strong presumption that human exposoirthe nitrobenzene may result in the same
adverse effects on the basis of clear eviden@nimal studies of impaired fertility. These toxic
effects were occurring at dose levels which did induce severe methemoglobinemia and they
were not a secondary non-specific consequenceedittier toxic effects.
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Therefore RAC is of the opinion that there is suéint evidence to classify nitrobenzene according
to the CLP regulation for the reproductive toxicitgtegory 1B Presumed human reproductive
toxicant with hazard statement H360F (Repr. 1B, ®36and according to Directive 548/67 to
category 2 with a risk phrase R60 — may impaitilfert

The rationale for the RAC opinion is different fraime rationale of the dossier submitter and TC
C&L (2007) proposing to classify nitrobenzene t@pR€at.3; R62 and Repr. 2; H 361f.

TC C&L has acknowledged thatNumerous studies with rats and mice revealed nénakene to
persistently adversely affect male reproductiveaosy (atrophy of the germ epithelium) and
spermatogenesis independently from the route ofirasimation (inhalation, oral, dermal)”
however it has decided to weaken this evidencedoaseéhe following recognitions: .

* “haematotoxicity is the predominating toxic effedter treatment with nitrobenzene and
that these latter effects were also observed inavelable reproduction toxicity studies
with nitrobenzene.

* humans in comparison to the rat species are muobke rsensitive to the induction of
methaemoglobinaemia and thahe rat as an experimental model rather may
underestimate the significance of methaemoglobin-induced haematotoxicity of
nitrobenzene.

» as far as both haematological as well as repromucparameters had been evaluated in
the studies available with nitrobenzene, haematoitgxwas consistently induced at dose
levels clearly below those inducing testes toxidityerefore, nitrobenzene is not considered
to represent a specific reproductive toxicant”.

It its opinion RAC noted that reproductive toxicityf nitrobenzene is not related to its
hematotoxicity as was assumed earlier. The inergasevels of methemoglobin up to 10% by
exposure to aniline is not leading to a damagepefreatogenic epithelium, therefore the latter is
not a secondary effects of increased level of megiabin. Such a conclusion may be derived
from results of studies with repeated exposureanimals to aniline, which is also, like

nitrobenzene, a strong methemoglobin-forming sutzeta No alterations of spermatogenic
epithelium were reported in rodents repeatedlyposgd to aniline despite increased level of
MetHb (SCTEE, 2003; ECB, 2004) Thus, the damagspermatogenic epithelium and reduced
fertility is a specific effect of nitrobenzene inandent from its ability to induce MetHb and rethte

hematotoxic effects.

The other incorrect argument for downgrading cfasgion of reprotoxicity of nitrobenzene from
Repr Cat. 2 to Repr. Cat. 3 is an observationMettHb formation appears often, although not
always, in animals at slightly lower exposure lethein the degeneration or atrophy of
spermatogenic epithelium. Thus, in line with thiguanent, lowering the exposure to protect against
formation of Met-Hb will also protect against spatotoxicity. This argument is valid and
appropriate in the process of risk assessment amagement which is different from hazard
identification. The supporters of this view do tette into account that the aim of both DSD and
CLP classification systems is to identify inherbarzardous properties of a substance and that
hazard identification is separate from risk assesgrar risk management. Consequent use of this
argument would lead to a limitation of the clagsifion of substances to the most sensitive
endpoints and to distortion of a process of hamgdtification, which is a starting point for risk
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assessment and management. It should be notediittiodienzene is the reproductive toxicant for
animals in a range of doses that would allow tesifg that substance to “STOT RE 1 ( male
gonads)” because the histopatological damage ofrsgiegenic epithelium was detected in animals
exposed for 2 years by inhalation at dose leved @26—0.13mg/l, which is well below guidance
value for STOT RE category 1 equal to 0.2 mg/L/6faay (CLP regulation) and below 0.25
mg/L/6hour/day which is a guidance value for catggtn, R48/20(male gonads) for studies of 90
days duration (DSD regulation).

The methemoglobin formation and spermatotoxicitputi be thus regarded as inherent toxic
properties of nitrobenzene with different modeaofion and classified in accordance with criteria
given in DSD and CLP regulations.

Taking the above consideration into account, RAGfithe opinion that there is sufficient evidence
to classify nitrobenzene according to the CLP ratyoh for the reproductive toxicity category 1B
Presumed human reproductive toxicant with hazaatestent H360F (Repr. 1B, H360F) and
according to Directive 548/67 to category 2 withsk phrase R60 — may impair fertility

Effects on or via lactation

The rationale for the RAC opinion which is diffetérom the proposal of the dossier submitter

In a two-generation study in Sprague-Dawley ratsddet al. 1987) the only significant finding in
the litters derived from rats exposed at the higleeacentration of 0.204mg/L (40 ppm) was an
approximate 12% decrease in the mean body weighl gfups on Postnatal Day 21. There was no
reduction of body weight of Ffweanlings on postnatal day 21 in any exposed groupich suggest
that this body weight decrease indeneratiorwas not treatment related. No weight differences
had been noted between all dose groups and camtiolals at parturition. The live birth index, the
survival index on day 1 and on day 4 as well atataan index of F1 and F2 generations were not
affected by inhalation exposure to nitrobenzeneoatentration of 0.005 , 0.051 and 0.204 mg/L.
The mean survival indices for all groups, all gatiens, ranged between 93 and 100%. The
maternal toxicity of FO lactating dams exposed &204 mg/L was not demonstrated in a 2-
generation study of Dodd at al. (1987), but it waty based on lack of visible clinical signs of
abnormalities. The levels of haemoglobin and metigdabin were not measured in a 2- generation
study of Dodd at al. (1987), however it is highisolpable that their levels in lactating mothers
exposed at 0.204mg/l were severely affected. Is eafposed for 90 days to nitrobenzene by
inhalation at concentration of 0.26 mg/l ( Hamm4R8omparable to concentration used in the
study of Dodd et al. (1987), the level of metherobgi were significantly increased up to ca. 10%,
followed by increase in bilirubin, fibrosis of ggin and hyaline degeneration in kidney. Thus slight
reduction of weight of weanlings only in first geaton occurred as indirect effect of marked
maternal toxicity leading to haemolytic anaemidaatating mothers not investigated in a study of
Dodd at al. (1987) .
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In a study of Mitsumori et al. 1994 female rats evegceiving by gavage nitrobenzene at doses of
20, 60 and 100 mg/kg for 14 days before matingingumating , gestation and up to 3rd day after
parturition at doses of 20, 60 and 100mg/kg. Noheups born by female rats exposed at
100mg/kg survived till 4 day after parturition, bilty of pups during first 4 days of life of fenesd
exposed at 60mg/kg was reduced to 66.9%, whildlitiabf those exposed at 20 mg/kg (99%) was
equal viability of control pups (99.1%). The rasubf reduced viability and reduced body weight
gain of pups observed in this study only for 4tfoays of life (Mitsumori at al. 1994) could be
interpreted as showing effect on or via lactatidnthe lactating mothers were not severely
intoxicated. In fact, the doses of 60 and 100kg@fiven by gavage in the study of Mistsumori et
al. 1994 were causing severe intoxication of mahdihe animals exposed at 100mg/kg/day
starting from 13 day of exposure exhibited pilo&mt salivation, emaciation and anaemia. In
some of these animals; torticolitis, circling mowvarhand abnormal gait was observed. Both males
and females showed decrease in food consumptiondaotease in body weight gain. Seven
females out of 10 in the 100mg/kg group died dugegtation and 2 during lactation period, which
demonstrate severity of intoxication with nitrobene at this dose. In the 60mg/kg group the
anaemia was seen in 6 of rats from day 19 of pmegnand neurological signs such as abnormal
gait and torticolitis were observed in one rat frday 1 of lactation. The females in the 60mg/kg
group also showed decreased food consumption &ifaition of body weight gain during lactation.
One female each from the 60 and 20 mg/kg died duaoctation (Mitsumori et al. 1994). The
levels of haemoglobin and RBC in males rates expa@dedoses of 20, 60 and 100mg/kg were
significantly reduced (females were not examined) kevel of methemoglobin was significantly
increased in comparison with control rats. Havihgttin mind the reduction viability of pups
during 4 first days of lactation and reduced bodyghit gain of pups on day 4 of lactation was due
to maternal toxicity leading to anaemia, methermbiglemia, reduced body weight and death of
lactating female rats.

The case of breast-fed cyanosed babies whose radiad eaten an aromatized cake (Dollinger
1949) is an indication of a nitrobenzene-associaféztt, since nitrobenzene was frequently found
in solutions of false bitter-almond-oil (Zeitoun3% and other substances with bitter almond smell
such as benzaldehyde or benzonitrile are less,tokido not induce clinical symptoms of cyanosis
such as hydrogen cyanide (HCN), and thereforeliksly to have caused the effect. However, a
report of Dollinger, 1949, does not provide anygirthat mothers were exposed to nitrobenzene. In
addition the hypothesis which could be based os téport that nitrobenzene may induce toxic
effects on or via lactation is not supported byhssof 2-generation study (Dodd et al. 1987) and
Mitsumori et al. 1994 study.

Taking into account the data in the background duwmt summarized above showing that
alterations in viability and body weight gain ofgsuduring lactation observed in studies on rats
were due to severe maternal toxicity RAC is of th@nion, that nitrobenzene should not be
classified within CLP system for hazard categonyléatation effects with hazard statement H362 -
may cause harm to breast-fed children ( Lact. H36R)in DSD classification system the risk

phrase R64 - may cause harm to breast-fed bab&y.(Rhus the opinion proposed by the Dossier
Submitter is not supported.

During public consultation some MSCAs were notamadur to classify nitrobenzene for lactational
effects and some were in favour to do so.
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5.9.5.2 Conclusions on Reproductive Toxicity
Conclusions on fertility

There is sufficient evidence to classify nitrobemeeaccording to the CLP regulation for the
reproductive toxicity category 1B Presumed humaraguctive toxicant with hazard statement
H360F (Repr. 1B, H360F) and according to DirecB48/67 to category 2 with a risk phrase R60 —
may impair fertility (T, R60)

Conclusions on developmental toxicity

Taking into account that studies in rats and rabiith the inhalation route of application did not

reveal any developmental toxicity (including tegeaicity) associated with the exposure to

nitrobenzene during organogenesis at concentrdéwels that produced some slight maternal
toxicity RAC shares an opinion of Dossier Submitteat nitrobenzene should not be classified as
developmental toxicant.

Conclusions on lactation

Taking into account the data in the background demt showing that alterations in viability and
body weight gain of pups during lactation obseriredtudies on rats were due to severe maternal
toxicity RAC is of the opinion, that nitrobenzen®osld not be classificed within CLP system for
hazard category for lactation effects with hazaedesnent H362 - may cause harm to breast-fed
children ( Lact. H362), or in DSD classificationsggm the risk phrase R64 - may cause harm to
breast-fed babies (R64). Thus the opinion propbsetie Dossier Submitter is not supported.

5.10 Other effects

5.11  Aspiration Hazard

The dossier submitter originally proposed clasatfan for aspiration toxicity (Asp. Tox 1 — H304
(CLP), Xn; R65 (DSD), based on an estimated kinenmscosity of less than 20.5 nifa at 40°C.
However, during public consultation, a comment waseived from an industrial association
arguing that the classification criteria in AnneafICLP (section 3.10.2) should only be applied for
pure hydrocarbons. The dossier submitter arguegtspilre hydrocarbons should be considered an
example of classes likely to exhibit aspiration drdpus properties. Nevertheless, upon further
reflection and based on a high surface tensionndZm) and existing classification for Acute
Toxicity, the dossier submitter no longer consideesclassification of Nitrobenzene for Apsiration
Toxicity warranted. The withdrawal of the proposehs reflected in the revised CLH report
submitted after public consultation. RAC agreethwine dossier submitter that classification for
Aspiration Toxicity is not warranted.

5.12  Derivation of DNEL(S) or other quantitative or qualitative measure for dose response

Not relevant for this type of dossier.
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6 HUMAN HEALTH HAZARD ASSESSMENT OF PHYSICO-CHEMICAL
PROPERTIES

6.1 Explosivity
Including C&L

6.2 Flammability
Including C&L

6.3 Oxidising potential
Including C&L
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7 ENVIRONMENTAL HAZARD ASSESSMENT
7.1 Aquatic compartment (including sediment)
7.1.1 Toxicity test results

7.1.1.1 Fish

Short-term toxicity to fish

The following table gives an overview of the semgi of different fish species to nitrobenzene in
short-term tests. It covers the full range of spetested. For each species the lowest availahbte va
test was selected, respectively.

Table 13: Acute toxicity data to fish

Species Endpoint Bl c[oggﬁ]ntratlons Test system Reference
Brachydanio | 96 hours S

i 92 (mc) Flow-through (OECD Guideline) (Roederer@p9
rerio LCso
Lepomis 96 hours . . (Buccafasso et al.
macrochirus LCes 43 (nc) Static (method: US-EPA) 1081)
Pimephales 96 hours .
promela: LCes 119 (mc) Flow-through (no standard method) (Geenl. 1985)
Pimephales 96 hours Flow-through larval test (method: US; -
promela: LCes 44 (nc) EPA) (Marchini et al. 1992)
Cyprinodon 96 hours
\variegatus LC 59 (nc) Static (method: US-EPA) (Heitmuller etE081)
(saltwater) 0
Or_y2|a5 48 hours 1.8 (no information) [ No information (Yoshioka et 4986)
latipes* LCso

(mc) - measured concentration

(nc) - nominal concentration

*Only very few information are given on the tessidm and test conditions. The results are presemdin tabular
form and can therefore not be valided.

In acute toxicity tests to fresh (and one salt)evapecies values in the range from 43 mg/l to 119
mg/l were obtained.

Heitmuller et al (1981) tested the acute toxicify @yprinodon variegatusThe method was
described in "Methods for acute toxicity tests with, macroinvertebrates, and amphibians” (U.S.
EPA 1975). The tests were performed in natural agawsaltwater) and without aeration. After 96
hours a LG value of 59 mg/l was achieved.

The same test method was used by Buccafasso (@98ll) without seawater but deionized water.
To control volatilization, the jars with high vollat substances were capped. For substances which
appeared to be soluble in water (like nitrobenzenepncentrated stock solution was prepared or
the appropriate amount of the compound was addedthji in the deionized water in the jars. For
Lepomis macrochiruan LG (96 hours) of 43 mg/l was observed.

At the fathead minnowRimephales promeladarval survival and growth test the fish larvaera
exposed to nitrobenzene (Marchini et al. 1992)sTlst was chosen because the larval stage is the
most sensitive stage and consequently the heawaist effects are frequently exhibited in early
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larval development. Marchini et al. compared theults of the larvae stage with values from the
literature at the juvenile stage (28-33 days didy. larvae a 96 hours gof 44 mg/l was detected.
Compared to literature data for juveniles 96 hdu@s, of 119 mg/l was reported (Geiger et al.
1985).

The experimental values are in reasonable agreaemigmthe QSAR estimation according to the
TGD (1996) which results in a fish (96 hours)g6f 37 mg/l for polar narcotic acting substances.

The several results from Table 13 fulfilled theemia of Aquatic Chronic 3 and R52/53 (10 mg/l <
LCs0 96 hours< 100mg/l).

Long-term toxicity to fish

Table 14: Long-term toxicity data to fish

Species Endpoint Effect concentrations [mg/l] | Test system | Reference
Oryzias latipes NOEC 1.9%) Semistatic (Canton et al.1985
Oncorhynchus mykiss 27d NOEC <1ug/l*) Flow-trough (Black et al. 1982)

7 no data whether mc or nc

The effect values found by Black et al. (1982) $everal substances other than nitrobenzene (e.g.
benzene, toluene) are usually very low comparee@ftect values found by other authors. No
explanation for these large discrepancies coulddomd. A careful examination of the entire
information provided by Black et al. gave no plélsireason for the inconsistency of the data. It
was not possible to confirm the low effect valuessthe other substances. Hence it can be assumed
that the values for nitrobenzene (e.g. 27 days NGEC pg/l) are not representative as well.
Because of the doubt about valididity of the resuthe values were also not used in the risk
assessment (RAR 2007, WHO 2003).

A semichronic test by Canton et al. (1985) show®idEC of 1.9 mg/l. No information about test
conditions was given in this article, but for therformance of the standard tests the authors
referred to some of their former publications (&tpoff and Canton, 1983a; Slooff and Canton,
1983b). It is not conclusive which test method aich test conditions (for example test duration)
were used.

7.1.1.2 Aquatic invertebrates

Short-term toxicity to aguatic invertebrates

Table 15shows the available test results for nénziene obtained in short-term tests with aquatic
invertebrates.

Table 15: Acute toxicity data to aquatic invertebrdes

Species  |Endpoint Sl CE)r:]w;ﬁ]ntratlons Test system Reference

Daphnia 48 hours Semistatic (OECD proposal 1979

magna ECso 35 (nc) Endpoint: behaviour (Canton et al. 1985)
Daphnia 24 hours Static (German DIN method) . .

magna ECso 50 (nc) Endpoint: immobilisation (Bringmann and Kahn 1982)
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Daphnia 48 hours Static (method: U.S. EPA)

magna LCso 27 (nc) Endpoint: mortality (LeBlanc 1980)
Ceriodaphn| 24 hours Static (method: U.S. EPA) -

ia dubia LCas 54 (mc) Endpoint: mortality (Marchini et al. 1993)

(mc) - measured concentration
(nc) - nominal concentration

Only the EGp48 hours is a criterion for C&L. But the other rikswpports an E§ between 10mg/I
and 100mg/l in 48 hours.

The test of short-term toxicity (OECD proposal 1pW#és a semisatic te@Canton et al. 1985)The
test solution was daily refreshed. A stability testvater showed no loss within 1 day. Baphnia
magnaan EGq (48 hours) of 35 mg/l was measured.

The experimental Ef values (48 hours) foDaphnia are in reasonable agreement with QSAR
estimations according to the TGD (1996) which resub Daphnia (48 hours) Eg of 18 mg/l for
polar narcotic acting substances.

The several results from Table 15 fulfilled theemia of Aquatic Chronic 3 and R52/53 (10 mg/l <
ECso 48hours< 100mgl/l).

Long-term toxicity to aguatic invertebrates

Table 16: Long-term toxicity data to aquatic invertebrates

Species Endpoint Effect concentrations | Test system Reference
[ma/l]
Daphnia magnal 21d NOEC 1.9 in analogy to the rules of the Dutch (Canton et al. 1985)

Standardisation Orgisatior

Semistatic (Proposed Preliminary
Testing Method: published as
"Recommendation of the Federal
Environmental Agency for the
Daphnia magnal 21d NOEC 2.6 (mc) Performance of Testing according| (Kuhn et al. 1988)
to 85, para.1; No.3 of the
Regulatios on Documents to be
Submitted and Evidence of Testing
under the Chemical Act”

(mc) - measured concentration

The lowest long-term effect value fBraphnia magnavas a 21 days NOEC of 1.9 mg/I (nominal)
with the endpoint reproduction rate (Canton etZ985). No information about test conditions was
given in this article, but for the performance loé¢ standard tests the authors referred to themdor
publications (Canton and Slooff, 1982). Accordimgthis all daphnids (one day old) had been
obtained from standardised laboratory cultures,redeethe tests were carried out in analogy to the
rules of the Dutch Standardisation OrganisationNNE501, 6502, 6504 and 6506 DSO 1980). 25
organisms per group were used and the test vollengrpup was 1 litre. Daphnids were fed with
Chlorella and the test solution was renewed thirees a week. In addition to the test description of
the Dutch Standardisation Organisation, where ordyninal concentrations were reported, the
actual concentrations of the test substance weesuned in the present test.

In a semi-static chronic test to daphnia magna -aa&®31NOEC of 12.5 mg/l based on nominal
concentrations was found. Based on the measurezkotation at day 3 after renewal of the test
solution the NOEC is 2.6 mg/l (Kuhn et al., 1988here are some doubts concerning NOEC
established in this study, since it is not knownatwivas a concentration throughout the whole
study, a measurement was done on day 3 and it isno@v whether solution was replace every day.
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The test was performed in accordance with “Propd@esliminary Testing Method: Prolonged
Toxicity Test onDaphnia magngDetermination of NOEC for reproduction rate, natity and time
of the first appearance of offspring; 21d)” (Efiget 01.01.1984).

7.1.1.3 Algae and aquatic plants
In the following table the toxicity data to algae disted.

Table 17: Toxicity data to algae

Species Endpoint Bl cmgz}ntraﬂons Test system Reference

Chlorella 96 hours 18 Static (OCED-Guideline 201)Maas-Diepeveen and van

pyrenoidos ErCs Endpoint: growth inhibition [Leeuwen 1986)

Selenastrum 96 hours 5 Static (US-standard test)

capricornutum ErCs 23.8 Endpoint: growth inhibition (Bolimann et al. 1989)
72 hours

Chlorella 28 (mc) Static (OECD-Guideline 201

pyrenoidosa ErCs 9.2 Endpoint: growth inhibition (Ramos et al. 1999)
NOEC

Scenedesmus | 48 hours Static (OCED-Guideline 201),, .

obliquus ErCs 67.7 (nc) Endpoint: growth inhibition (Liu and Lang 1995)

Scenedesmus Derived from minium

. NOEC 16 inhibitory concentrations by §Canton et al. 1985)
pannonicu factor 2

(mc) - measured concentration
(nc) - nominal concentration
) no data whether mc or nc

ECsq-values for different algal species are in the eafrgm 18 mg/l to 28 mg/l (96 or 72 hours).
The lowest effect value from a test with a standadl exposure time of 96 hours was found by
Maas-Diepeveen and van Leeuwen (1986) Wittorella pyrenoidosavith a 96 hours EC50 of 18
mg/l.

The effects of nitrobenzene on the same algal epelcave been studied in 72 hours growth
inhibition tests (Ramos et al. 1999). TheE@nd EG, were established by fitting the relative
growth rate as a function of the test concentratisimg the Weibull function. An Eg of 8.5 mg/l
and an Eg of 28 mg/l was estimated. The NOEC of 9.2 mg/l wafculated using the EPA
methods implanted in the TOXCALC toxicity data ajs&éd software (v 5.0.9).

The NOEC of 16 mg/l forScenedesmus pannonicuss derived by dividing the minimum
inhibitory concentration by a factor 2 (Canton et1#85). No information about test conditions
was given in this article, but the authors referr@dringmann and Kiuhn (1978). It is not clear
which species is used, because Bringmann and Kéked Scenedesmus quadricaudad,
Microcystis aeruginosd he toxicity threshold fo6cenedesmus quadricaudas 33 mg/l and for
Microcystis aeruginosa.9 mg/l .

The several results from Table 17 fulfilled theenion of Aquatic Chronic 3 and R52/53 (10 mg/l <
ErCsp 96 hours/72 hours 100mg/l).
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7.1.1.4 Sediment organisms

Not relevant for this type of dossier.

7.1.1.5 Other aquatic organisms

Not relevant for this type of dossier.

7.1.2 Calculation of Predicted No Effect Concentration (NEC)

Not relevant for this type of dossier.

7.2 Terrestrial compartment

Not relevant for this type of dossier

7.3 Atmospheric compartment

Not relevant for this type of dossier

7.4 Microbiological activity in sewage treatment systers

Not relevant for this type of dossier

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

Not relevant for this type of dossier.
7.6 Summary and discussion on the environmental clasgation and labelling

7.6.1 Discussion with rationale for existing classificabn

The existing classification of N R51/53 has beedeaidto Annex | of Directive 67/548/EEC by the
22nd ATP in 1996. The summary record of the TC @rdeting held on 13/14 Dec 1994, provides
very limited information about the acute toxicitgtd basis for this classification. As it is delsed

in the summary report of Working Group on the 6ifgsation and Labeling of Dangerous
Substances: Environmental Effects; Meeting at B§Ba, 13-14 December 1994 ( European
Commission, Directorate General Xll — JRC; ECBIZ#/ Rev. 1) for Nitrobenzene (C160, 609-
003-00-7): “DE reported that the initial proposes R52-53. However, based on acute toxicity
data, Industry proposed R51 instead and stated tttetcompound was biodegradable and
recommended no classification. However, it wappsed that the compound be classified as R51-
53. Conclusion: It was agreed that the compounddssified as N; R51-53.”

113



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON NIROBENZENE

However almost 14 years later, in the Risk Assessnfieport prepared under the Existing
Substances Regulation (RAR 2007,), all availabl@agcological test data had been scrutinised
and validated. Very few acute test results wouletntiee criterion for R51 classification, but all of

these are neither sufficiently documented nor I&igcf. pp. 33-39 of RAR 2007). In contrast, all

valid information presented in this background doeunt provides consistent justification for the

proposed classification R52/53 (H412).

7.6.2 Comparison with classification criteria:

Classification criteria for substances
According to the ¥ ATP to CLP environmental classification consisfsome acute hazard
classification category and three long-term hazéadsification categories. The acute and the long-
term hazard classification categories are apphddpendently.
The criteria for classification of a substance ategory Acute 1 are defined on the basis of acute
aquatic toxicity data only (Efg or LCsg). The criteria for classification of a substano&oithe
Chronic categories 1 to 3 follow a tiered approadiere the first step is to see if available
information on chronic toxicity merits long-term Zaad classification. In absence of adequate
chronic toxicity data, the subsequent step is tolboe two types of information, i.e. acute aquatic
toxicity data and environmental fate data (degrdiialand bioaccumulation data).
According to the 2 ATP to CLP, if there are adequate chronic toxidiaga available for all three
trophic levels, than the substance should be ¢yaascording to the criteria given in Table 4.1)0(b
(i) or 4.1.0(b) (i) depending on information onpra degradation. If we do not have adequate
chronic toxicity data available for all three traptevel, than during the classication procedure we
have to assess both:

- Classification according to the criteria given iable 4.1.0(b) (i) or 4.1.0(b) (ii) depending

on information on rapid degradation, and
- Classification according to the criteria given iable 4.1.0(b) (iii)
and classify according to the most stringent outeom

According to Directive 67/548/ECC (28th ATP — Ditige 2001/59/EC) environmental
classification consists of one acute hazard classibn category and three long-term hazard
classification categories. The criteria for classifion of a substance in acute category are based
acute aquatic toxicity data only (Ef®r LCsg). The criteria for classification of a substanc®ithe
Chronic categories combine two types of informatiore. acute aquatic toxicity data and
environmental fate data (degradability and bioaadation data).

Effects of nitrobenzene meeting classification créria

According to CLP and Directive 67/548/EWG nitrobene does not meet the criteria for acute
environmental classification. The acute aquatiddiox indices such as Lgg for fish or EGq for
invertebrates and Eggfor alga are higher than 1 mg/I.

Nitrobenzene is not rapidly degradable (in 28-degdy-biodegradation studies nitrobenzene did
not achieve the pass level. See section 4.1.2 9f BD
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There are no adequate chronic toxicity data foroh#&nzene for all three tropic levels. During
classification nitrobenzene for chronic toxicityccarding to CLP, both criteria given in Table
4.1.0(b) (i) or 4.1.0(b) (ii) and in Table 4.1.0(0)) should be assess.

The classification of nitrobenzene, according tdPCilvas based on Table 4.1.0(b) (iii) — the most
stringent outcome. The following information wesed for classification:

- aquatic acute toxicity indices for fish, inventates and alga obtained during tests were between
10 mg/l and 100 mg/I

- the substance is not rapidly degradabile.

The same information should be used during cla&sdin nitrobenzene according to Directive
67/548/EWG.

7.6.3 Conclusions on environmental classification

Nitrobenzene did not fulfill the pass level of rgdnlodegradability. There are no adequate chronic
toxicity data available for all three trophic les€ktudies of long-term toxicity to fish are notiga

or not reliable). Because of this acute data wesedufor classification. BgLCso for fish,
invertebrates and alga were observed between 1@mnd/ILOOmg/l. These results were conform to
the criteria of classification for R52/53 (based Directive 67/548/EEC) respectively aquatic
chronic Cat. 3 H412 (based on Regulation (EC) Nt212008).
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JUSTIFICATION THAT ACTION IS REQUIRED ON A
COMMUNITY-WIDE BASIS

All endpoints have been addressed within this C&bppsal, since nitrobenzene was a priority
substance in the existing chemicals program (EE@3/98. The proposal to add R48/25 was
already submitted to TC C&L and was agreed on ipt&eber 2007. In addition to the previously
agreed classification, R64 is now suggested. Furtbee, the Risk Assessment Report (RAR 2007)
did support the reclassification from N R51/53(H{dR 52/53(H412).

Additionally, nitrobenzene is a substance with veigh production volumes and widespread use in
EU countries, with production volumes exceeding prikion metric tonnes per year. Although its
main use is in the production of aniline, sevehalusand tonnes per year are unaccounted for in
their use. It is therefore proposed to extend andral the current harmonized classification listed
in Table 3.2 of Annex VI of Regulation (EC) No 64&%and Table 3.1 of Annex VI of Regulation
(EC) No 1272/2008 (CLP) by those reasoned for imdiossier.
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