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PROPOSAL FOR HARMONISED CLASSIFICATION AND
LABELLING

Substance Name: Chloroform iethane, trichloro-)
EC Number: 200-663-8

CAS number67-66-3

Registration number (s): -

Purity: > 99%

Impurities: 1,1-dichloroethylene; chloromethanerbochloromethane; carbon tertrachloride

Chloroform was on the"2 priority list of the Existing Substances Regulatind its classification
was reviewed in the context of the Risk Assessmentedure as it was a requirement to harmonise
classification for all endpoints.

The need to revise the current harmonised claatiic was identified including the need to revise
the specific concentration limits applied (i.e. R22 (>5%) and Xn; R48/20/22 (>5%)).

Revision of the health classification of chlorofomas discussed at ECB by the TC C&L in
September 2007 (see appendix A):

The TC C&L agreed on addition of classifications; R20, Xi; R36 and Repr. Cat. 3; R63 based
on the FR proposal. They also agreed not to resxssting classifications Xn; R22, Xi; R38 and
Carc. Cat. 3; R40 and not to classify chlorofornthwXi; R37 (initially proposed by France) as the
nasal effects reported were rather covered by X8/®. Further, the TC C&L agreed that R48/22
could be deleted as effects were only seen at dogles. The narcotic effects, covered by Xn; R20
under Directive 67/548, would trigger classificatiith STOT Single 3 under the CLP Regulation.
The follow-up of the discussion having taken plateghe TC C&L regarding R20 and R22 (see
appendix A) do not mention any discussion regardipgcific concentration limits. It is supposed
that the agreement on the corresponding classditatR22 and R48/20 imply agreement on the
withdrawal of these specific concentration limits.

No agreement could be reach by the TC C&L on mutagyg and this report was submitted to
ECHA in order to state on the classification fastendpoint. In this CLH dossier, France proposed
to classify chloroform as Muta. Cat 2; H341 undwer CLP.

Environmental classification of chloroform was dissed and no classification was agreed by the
TC C&L in January 2007 (see appendix B). Environtakdassification is therefore not presented
in this dossier. Further information can be foumdhe transitional dossier.

Note: The RAC opinion supported by this BackgroundDocument relates only to those hazard
classes that have been reviewed in the proposal foarmonised classification and labelling, as
submitted by France.
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Proposed classification based on CLP criteria:

Hazard Class and Category Code(s) Hazard state-mernCode(s)
Carc. 2 H351

Repr. 2 H361d

Acute Tox. 3 H331

Acute Tox. 4 H302

STOTRE 1 H372

Eye Irrit. 2 H319

Skin Irrit. 2 H315

Proposed classification based on Directive 67/548E criteria:

Xn; R20/22
Xn; R48/20
Xi; R36/38
Carc. Cat. 3; R40
Repr. Cat. 3; R63

Proposed labelling based on CLP:

Pictogram, Signal Word Code(s) Hazard state Suppl. Hazard statement Code(s)
ment Code(s)

GHSO06 H351
GHSO08 H361d
Dgr H331
H302
H372
H319
H315

Proposed labelling based on Directive 67/548/EEC:

Xn
R:20/22-36/38-40-48/20-63-S: 2-36/37

Proposed specific concentration limits (if any)none

Proposed notes (if any)none
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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: Chloroform (Methane, trichloro-)
EC Number: 200-663-8

CAS Number: 67-66-3

IUPAC Name:  Chloroform

1.2 Composition of the substance

Consituents
Chemical Name: Chloroform
EC Number: 200-663-8
CAS Number: 67-66-3
IUPAC Name: Chloroform
Molecular Formula: CHGlI
Structural Formula: TI

O~

N

Molecular Weight: 119.5 g/mol

Typical concentration (% w/w): > 99% w/w
Concentration range (% w/w):

Impurities

Chemical Name: 1,1-dichloroethylene
EC Number: 200-864-0

CAS Number: 75-35-4

IUPAC Name: 1,1-dichloroethene

Molecular Formula: C,H.Cl,
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Structural Formula:

Molecular Weight: 96.9g/mol
Typical concentration (% w/w): < 0.002 % w/w
Concentration range (% w/w): -

Chemical Name: chloromethane
EC Number: 200-817-4
CAS Number: 74-87-3

IUPAC Name: chloromethane
Molecular Formula: CHCI

Structural Formula:

Molecular Weight: 50.4g/mol
Typical concentration (% w/w): < 0.005 % w/w
Concentration range (% w/w): -

Chemical Name: bromochloromethane
EC Number: 200-826-3

CAS Number: 74-97-5

IUPAC Name: bromo(chloro)methane
Molecular Formula: CH,BrCl

Structural Formula:
Molecular Weight: 129.3g/mol

Typical concentration (% w/w):  unknown
Concentration range (% w/w): -

Chemical Name: carbon tetrachloride
EC Number: 200-262-8
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CAS Number: 56-23-5
IUPAC Name: tetrachloromethane
Molecular Formula: CCl,

Structural Formula:
o
- \

Molecular Weight: 153.8g/mol
Typical concentration (% w/w):  unknown
Concentration range (% w/w): -

Additives

Chemical Name: unknown
EC Number:

CAS Number:

IUPAC Name:

Molecular Formula:

Structural Formula:

Molecular Weight:

Typical concentration (% w/iw): < 1% w/w
Concentration range (% w/w): -
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1.3

Physico-chemical properties

Table 1: Summary of physico- chemical properties

REACH ref | Property IUCLID Value
Annex, § section
Vil, 7.1 Physical state at 20°C and | 3.1 Liquid
101.3 KPa
VII, 7.2 Melting/freezing point 3.2 -63.5°C
ViIl, 7.3 Boiling point 3.3 61.3°C
VII, 7.4 Relative density 3.4 density
VII, 7.5 Vapour pressure 3.6 209 hPa at 20°C
VII, 7.6 Surface tension 3.10
VI, 7.7 Water solubility 3.8 8700 mg/L at 23°C
VII, 7.8 Partition coefficient n- 3.7 Log Kow 1.97
octanol/water (log value) partition
coefficient
VII, 7.9 Flash point 3.11
VIl, 7.10 Flammability 3.13
Vil, 7.11 Explosive properties 3.14
VII, 7.12 Self-ignition temperature
VIl, 7.13 Oxidising properties 3.15
Vil, 7.14 Granulometry 3.5 none
Xl, 7.15 Stability in organic solvents | 3.17
and identity of relevant
degradation products
Xl, 7.16 Dissociation constant 3.21
Xl, 7.17, Viscosity 3.22
Auto flammability 3.12
Reactivity towards container | 3.18
material
Thermal stability 3.19

10




ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON GQtOROFORM

2 MANUFACTURE AND USES
2.1 Manufacture
2.2 Identified uses

2.3 Uses advised against

3 CLASSIFICATION AND LABELLING

3.1 Classification in Annex | of Directive 67/548/EEC
According to Annex VI of CLP, chloroform is curréntlassified as follows (IOATP):
Index number602-006-00-4
Xn; R22-48/20/22
Xi; R38
Carc. Cat. 3; R40
Specific concentration limits apply for Xn; R22 @)pand Xn; R48/20/22 (>5%).

3.2 Self classification(s)

11
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4 ENVIRONMENTAL FATE PROPERTIES

This section is not covered in this dossier. Furthfoarmation can be found in the transitional
dossier.

5 HUMAN HEALTH HAZARD ASSESSMENT

51 Toxicokinetics (absorption, metabolism, distribution and elimination)

Chloroform is well absorbed, metabolized and elat®d by mammals after oral, inhalation
or dermal exposure. Chloroform is hence widelyridiated all around the organism, via
blood circulation and, due to its liposolubilitysgberentially in fatty tissues and in the brain.
Uptake and storage of chloroform in adipose tissare be substantial, with daily exposures
potentially leading to accumulation, particularyabese persons.

Chloroform is mainly metabolised in liver and batkidative and reductive pathways of
chloroform have been identified, although detasivo are limited. The major metabolite is
carbon dioxide, generated by oxidative pathwayivo, this main pathway generates also
reactive metabolites, including phosgene. The ridec pathway generates the
dichloromethylcarbene free radical. Both pathwaysceed through a cytochrome P450-
dependent enzymatic activation step ant their loalatepends on species, tissue, dose and
oxygen tension. Phosgene is produced by oxidatieehldrination of chloroform to
trichloromethanol, which spontaneously dehydrochbdes.

The electrophilic metabolic phosgene binds covajast nucleophilic components of tissue

proteins and also interacts with other cellularleoghiles and, to some extent, to the polar
heads of phospholipids. Phosgene can also realstwater to release carbon dioxide and
hydrochloric acid.

Available literature data show that chloroform iy is due to its metabolites: phosgene is
supposed to be responsible for irreversible birglitay liver components. Chloroform can
cross the placenta and it is expected to appdaurman colostrum and mature breast milk.

5.2 Acute toxicity

5.2.1 Acute toxicity: oral

Acute toxicity varies depending upon the strairx, @ed vehicle. In mice the oral pvalues
range from 36 to 1366 mg chloroform/kg body weigthereas for rats, they range from 450
to 2000 mg chloroform/kg body weight. In generdllocoform elicits the same symptoms of
toxicity in humans as in animals. The mean lethral dose for an adult is estimated to be
about 45 g (640 mg/kg bw), but large interindivibdiéferences in susceptibility occur.

12
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Table 2 Summary of acute oral toxicity

Animal species | Number of | Doses, route of LD 5o (mg/kg bw) Reference year

& strain animals administration,
per dose vehicle
level

Mouse C3H/Tif | Not Oral, sesame ol 36 for males (kidney Pericin & Thomann
reported vehicle damage) 1979 in IPCS 1994

353 for females

Rat Sprague- Not Oral, undiluted 450 for male and female Kimuraleti®71
Dawley (14 reported
days old)

Conclusion

Kidney damage induced in male mice are related toery sensitive strain (C3H/Tif), thus
it is not considered relevant for acute toxicity @ssification. Due to oral 200 < Llg <
2000mg/kg for rats, female mice (C3H/Tif) or mice bother strains, the application of
R22 is indicated.

There is no need to maintain the specific concenttian levels of the 18 ATP.

Classification R22 (CLP Acute Tox 4 — H302) waseagrat TC C&L in September 2007.

5.2.2 Acute toxicity: inhalation

Chloroform LGy values of 6.2 g/thand 9.2 g/ have been reported for 6 h inhalation
exposure in mice and rats respectively. Mice araemsusceptible than rats to acute
chloroform toxicity for both exposure routes. A LBRA of 2.5 mg/l is based on effects on the
kidneys and liver of mice and rats.

13
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Table 3 Summary of acute inhalation toxicity

Animal Number of | Doses, route of LCso(mg/l) Reference
species & | animals administration, year
strain per dose vehicle
level
Mouse, Not Inhalation, 6h LGy= 6.2mg/l Gradiski et al.,
OF1 reported 1978 in
CICAD, 2004
Mouse, 10/sex/dose Inhalation vapor, LOAEC 2.5 mg/l necrosis and Kasai et al.,
BDF1 6h/d, 5d/week, 2 cytoplasmic basophilia of the kidney| 2002
weeks proximal tubules in males and
centrilobular necrosis of the liver in
500, 1000, 2000, females
4000, 8000 ppm
mortality rates 9/10 for 2.5 and 5 mgjl
(25,5, 10, 20, 40 : 10/10 over 5 mg/l
mg/l)
Atrophy and metaplasia of olfactory
epithelium
Rat Not Inhalation, 6h LG= 9.2 mgl/l Bonnet et al.,
reported 1980 in
CICAD, 2004
Rat, F344 10/sex/dose Inhalation vapor, | LOAEC 2.5 mg/l for vacuolic changesKasai et al.,
6h/d, 5d/week, 2 in proximal tubules of the kidneys and2002
weeks in the central area of the liver
500, 1000, 2000, mortality rates for male and female
4000, 8000 ppm 0/10 for 2.5 and 5 mg/l ; 10/10 over %
mg/l
(2.5, 5, 10, 20, 40
mg/l) Atrophy and disarrangement of
olfactory epithelium, oedema of the
lamina propria of the nasal cavity (al
doses)
Conclusion

Based on inhalation 2 < LGy < 20 mg/I for mice and rats the application of R20s indicated.

Classification R20 (CLP Acute Tox — H331) was adraeTC C&L in September 2007.

5.2.3 Acute toxicity: dermal

Only one dermal study was available for rabbitsingle application of chloroform (1.0, 2.0,
or 3.98 g/kg) for 24h did not result in any deatiswever, extensive necrosis of the skin and
considerable weight loss occurred at all levelsinfals were sacrificed for study 2 weeks
after exposure. All treated rabbits exhibited degative changes in the kidney tubules graded
in intensity with dosage levels. The livers werée giossly affected (Torkelson et al., 1976).

14
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Table 4 Summary of acute dermal toxicity

1.0, 2.0, 3.98 glkg

24h occlusive

of the skin, weight loss

degenerative changes in th
kidney tubules (dose
relationship)

Animal species | Number of | Doses, route of Result Reference year
& strain animals administration,
per dose vehicle
level
Rabbit 2 Dermal LOAEL= 1.0 g/kg necrosis | Torkelson et al., 197¢

11%

No classification is required for dermal acute toxgity

5.2.4 Acute toxicity: other routes

No data

5.2.5 Summary and discussion of acute toxicity

Classification R22 and R20 (CLP Acute Tox 4 — H80@ Acute Tox 3 —H331) were agreed
at TC C&L in September 2007. No classificationeguired for dermal acute toxicity.

5.3

5.3.1 Skin

Irritation

Table 5 Summary of skin irritation

D

Animal species | Number of | Doses Result Reference

& strain animals

Rabbit Not Liquid chloroform ear: hyperemia and Torkelson et al., 197¢

reported . exfoliation after 1 to 4 in CICAD 2004
24h, occlusive app”cations
10 applications for | pelly: slight hyperemia with
ears moderate necrosis and
. eschar formation
2 applications for
bellies delayed healing of the skin
Conclusion

Based on the rabbit study and on the previous cla$gation, R38 irritating to skin is

indicated.

Classification R38 (CLP Skin Irrit 2 — H315) wasregd at TC C&L in September 2007.
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5.3.2 Eye

Two animal studies were available: in the first octdoroform produced severe eye irritation
to NZW rabbits. The effects had disappeared 2-3keiedter application, except for one
rabbit that still showed corneal opacity after 3eks (Duprat et al., 1976); in the second,
chloroform caused slight irritation of the conjumat which was barely detectable 1 week
after treatment and slight but definite cornealiipjevidenced by staining with fluorescein
(Torkelson et al., 1976).

In man, exposure to concentrated chloroform vapoatses a stinging sensation in the eye.
Splashing of the liquid into the eye evokes burnipgin and redness of the conjunctival
tissue. Occasional injury of the corneal epithelwith recover fully within a few days (IPCS,
1994).

Table 6 Summary of eye irritation

Animal species | Number of | Doses Result Reference

& strain animals

Rabbit, NZwW 6 Undiluted 6/6 severe eye irritation, Duprat et al., 1976
chloroform, doses | with pupils dilation
not specified (mydriasis) and corneal

inflammation (keratitis)

4/6 translucent zones in the
cornea

Rabbit 3 Undiluted Slight irritation of the Torkelson et al., 1976
chloroform, doses | conjunctiva
not specified
Slight but definite corneal
1 eye rinsed after | injury

30s

Conclusion

Based on the rabbit studies reporting corneal injuy and human data showing reversible
corneal effects, the application of R36 irritatingto eyes, is indicated.

Classification R36 (CLP Eye Irrit 2 -H319) was aggeat TC C&L in September 2007.

5.3.3 Respiratory tract

Kasai et al., (2002), conducted two experimentsice and rats with inhalation doses from
12 to 8000 ppm during 2 or 13 weeks. Significactaéases of nasal lesions were reported as
degeneration of the olfactory epithelium in maleenexposed to 25 ppm, thickening of the
bone in nasal septum and eosinophilic changesadttoty and respiratory epithelia in female
mice at 12 ppm, as well as mineralization and dyopf the olfactory epithelium observed
for rats at 25 ppm.

Mery et al. (1994) exposed F344 rats and B6C3FZ rtocchloroform for 6h/day during 7
days to exposure concentrations ranging from 1 a0 ppm. Examination of the nasal
passages revealed that chloroform caused a cong#exof responses in the ethmoid
turbinates, predominantly in rats. These lesionsevmeost severe peripherally and generally
spared the tissue adjacent to the medial airwalys.changes were characterized by atrophy
of Bowman's glands, new bone formation (LOAEL= J0r), and increased labelling index
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in S phase periosteal cells (LOAEL= 10 ppm). AtaB@ 100 ppm, new 0sseous spicules were
present at the beginning of the first endoturbinatieile at 271 ppm, the width of the new

bone was almost doubled compared to controls. Tihe change noted in the mouse was

increased cell proliferation without osseous hyfzsip. The authors proposed that the
osseous changes induced by chloroform exposurebmagcondary to primary degeneration
of adjacent Bowman's glands. The NOAEL values fasé responses ranged from 3-100
ppm, with histological and induced cell prolifecati being the most sensitive indices of

effect.

Table 7 Summary of respiratory tract irritation

Animal species | Number of | Doses Result Reference

& strain animals

Rat, F344 Not reported 0, 1, 3, 10, 30, 200NOAEL= 3 ppm atrophy of | Mery et al., 1994
or 271 ppm 6 hr/day Bowman's glands, new bong
for 7 days formation, and increased

labeling index in S phase
periosteal cells

Rat, F344 10/sex/dose| vapour, 6h/d, Desquamation, atrophy and Kasai et al., 2002
5d/week, 2 weeks | disarrangement of the
500, 1000, 2000, olfactory eplthel|um but alsg

oedema of the lamina
4000, 8000 ppm ) o

propria of the nasal cavity in
both sexes

Inhalation

100% mortality= 2000 ppm

Mouse, BDF1 | 10/sex/dose| vapour, 6h/d, Atrophy and metaplasia in | Kasai et al., 2002
5d/week, 2 weeks | the olfactory epithelium in

500, 1000, 2000, | MA/€S

4000, 8000 ppm Degeneration, necrosis and
disarrangement of olfactory
and respiratory epithelia in
females

Inhalation

100% mortality= 2000 ppm

Conclusion

Considering the results of inhalation studies andhe nasal lesion observed, chloroform is
irritating to respiratory system. This effect is afteady covered by the classification
R48/20 proposed in section 5.6.2.

5.3.4 Summary and discussion of irritation

Classification R38 and R36 (CLP Skin Irrit 2 —H34l&d Eye Irrit 2 —H319) were agreed at
TC C&L in September 2007.
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5.4 Corrosivity

55 Sensitisation

A sensitisation test on chloroform was reportedigkiret al., 2002). This study was designed
to evaluate the skin sensitizing potency of chlonof, and it was performed to further
evaluate the differences between Guinea Pig Mastoz Test (GPMT) and Local Lymph

Node Assay (LLNA, RI Method). No positive reactiovas observed in any method for
sensitization.

5.5.1 Skin
5.5.2 Respiratory system

5.5.3 Summary and discussion of sensitisation

No classification is required for sensitisation.
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5.6

5.6.1

Repeated dose toxicity

Repeated dose toxicity: oral

Table 8 Summary of oral RDT

Animal species | Number of | Doses, vehicle, Result Reference
& strain animals duration
Mouse, 10/sex/dosg¢ Corn oil or Emulphorfemales LOAEL 60 mg/kg : | Bull et al., 1986
B6C3F1 increased liver weight,
60, 130 and 270 vacuolation, lipid
mg/kg bw/d, 90 days| accumulation in the liver
Mouse, CD-1 7-12 Drinking water LOAEL 50 mg/kg: increased Munson et al., 1982
/sex/dose liver weight and increased
0, 50, 125, 250 hepatic microsomal activity
mg/kg bw/d, 90 days| in females
Small intertubular
collections of chronic
inflammatory cells in
kidneys, generalized
hydropic degeneration of
hepatocytes and small foca
collections of lymphocytes
in liver
Rat Not 263 mg/kg bw 90 LOAEL 263 mg/kg: Fatty US EPA, 1980
reported days changes and increased live
weight
Stomach tube
Beagle Dog 7-15 male | 15, 30 mg/kg bw/d | LOAEL 15 mg/kg: increase | Heywood et al., 1979
& female 7.5 years alanine aminotransferase
(ALAT) levels
Toothpaste
15 mg/kg: fatty cysts in the
liver. Incidences:
control — 15mg — 30mg
1/15 — 6/7 — 6/7 for males
0/12 — 3/8 — 7/8 for females
Conclusion

Repeated exposure to chloroform induced hepatic eftts in rats and mice but the effects
are not sufficiently severe at the dose of 50 mg/Kkg justify a classification for oral RDT.

No classification R48/22 was agreed at the TC C&LniSeptember 2007.
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5.6.2 Repeated dose toxicity: inhalation

Table 9 Summary of inhalation RDT

Animal species | Number of | Doses, vehicle, Result Reference

& strain animals duration

Mouse, BDF1 10/sex/dose Vapor, 6h/day, 5d/w,OAEL= 12 ppm: Male Kasai et al., 2002
13weeks kidney (proximal tubules
12, 25,50, 100 or | "COSIS)
200 ppm 25 ppm: Lesions of olfactory

epithelium (metaplasia,
desquamation, atrophy or
disarrangement) and nasal
cavity (oedema)

(60, 124, 248, 496,
992 mg/m)

100 ppm: Female liver
necrosis and cell atypia

200 ppm: Male liver
swelling

Mouse, BDF1 Not 6 h/day, 5 d/week, 13 LOAEL= 30 ppm: Male Templin et al., 1998
reported weeks dose-dependent increase in
5, 30 or 90 ppm regenerating tubules within

the renal cortex
(25, 149, 446 mg/f 90 ppm: Female Increased

centrilobular to midzonal

hepatocyte degeneration and
vacuolation
Mouse, Not 6 h/day, 5-7 d/week,| LOAEL= 30 ppm: induced | Larson et al., 1996
B6C3F1 reported 13 weeks hepatic cell proliferation
0.3, 2, 10, 30, and 90 30 ppm: Male induced rena
ppm histologic changes and
(1, 10, 50, 149, 446 Lergﬁfr;;‘f(')‘f cell
mg/nt)
Rat, F344 10/sex/dose Vapor, 6h/day, 5d/w,OAEL= 25 ppm: Kasai et al., 2002
13weeks mineralization and atrophy

25.50. 100, 200 or of the respiratory epithelium

400 ppm 100 ppm: Female liver
(124, 248, 496, 992, | collapse
1984 mg/r) 200 ppm: Male liver collapse

200 ppm: Female kidney
vacuolic changes

Rat, F344 Not 6 h/day, 7 d/week, 13 LOAEL= 2 ppm: generalized Templin et al., 1996
reported weeks atrophy of the ethmoid
0,2.10. 30, 90, or turbinates
300 ppm 10 ppm: Enhanced bone

growth and hypercellularity
in the lamina propria of the
ethmoid turbinates of the
nose:

(10, 50, 149, 446,
1488 mg/m)

Conclusion

Considering renal and severe nasal effects on mi@nd rats at concentrations< 250
mg/m®, application of R48/20: danger of serious damageothealth by prolonged
inhalation exposure, exposure is indicated.
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There is no need to maintain the specific concenttian limits of the 19th ATP.

Classification R48/20 was agreed at TC C&L in Seyiter 2007.

Based on renal and severe nasal effects observedtsnand mice at concentrations below 0.2
mg/litre/6h/day, which is the cut-off values givenparagraph 3.9.2.9.6 of Annex | of CLP (see table
3.9.2) the criteria for category 1 are met. We éfae propose a classification STOT RE 1 —-H372
which differs from a direct translation of Dir 64&/EEC for this endpoint.

5.6.3 Repeated dose toxicity: dermal

No data

5.6.4 Summary and discussion of repeated dose toxicity:

Laboratory animal studies identify the liver anddieys as the key target organs of
chloroform’s toxic potential. Oral LOAELs from 15uo 50 mg/kg/day were reported in
dogs, rats and mice. Nasal lesions have also bbsernged in rats and mice exposed by
inhalation.

Classification R48/20 (CLP STOT Rep 1 —H372) waeedjat TC C&L in September 2007.
5.7 Germ Cell Mutagenicity

5.7.1 In vitro data summary

Ten gene mutation studies $h typhimuriumandE. coli, including tests done under condition
designed to reduce evaporation, are negative, withwvithout metabolic activation with
microsomes from liver or kidney of rats and miceolstudies have showed positive results
in bacteria §. typhimuriumransfectedB. subtilig, however the relevance is uncertain due to
the use of ethanol as a diluent (causing formatigmotent alkylating agents with chloroform)
or the absence of reported concentration that daefects.

Six tests are also negative in fungi and yeast.allnthree of the positive studies
(intrachromosomal recombination or chromosome ngaéggation), doses that caused positive
results also caused cell death, indicating thabsupes were directly toxic to the test cells.

Mammalian gene mutation assays on mouse lymphoiisagasre weak positive results with
metabolic activation at cytotoxic concentratiosg OECD 476 HGPRT assay on Chinese
hamster lung cells was inconclusive with metabatiivation and negative without metabolic
activation (Muller, 1987). Seven DNA repair assagported negative results on. S
typhimurium, E. colirat and mouse hepatocytes, human’s lymphocyteepatocytes (umu
test, SOS-chromotest and UDS), only one study gaagtive results on S. typhimurium at
the only dose tested: 1000 pg/l (Ono et al., 1991).

Primary DNA damage studies showed that CHCI3 indwister-chromatid exchange (SCE)
in a permanent leukaemia cell line (Fujie et @93) and in meristematic cells Aflium cepa
(Cortés et al., 1985). Induced Sister Chromatidharges have been reported in human
lymphocytes at cytotoxic concentration {0 M) without exogenous activation (Morimoto
and Koizumi, 1983).
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Table 10 Summary of in vitro mutagenicity

80, 40 mg/l air)

Test system | Test object Concentration Results Refemce
and year
Bacterial Salmonella typhimurium 200-25600 ppm | Weak positive19200 ppm on | Pegram et al.,
mutation TA 1535 and TA 1535 GST T1-1 transfected strain 1997
assays transfected vy|th rat theta- Corresponding to 226 mg/plate
class glutathione S-
transferase T1-1 of CHCk (5 mg/_plate_ .
recommended in guidelines)
Bacillus subtilis No data Positive with S9 Matsui et al|
Strains: H17 and M45 1989
Gene Saccharomyces cerevisiae| 0, 21, 41, 54 mM| Positive Callen et al.,
mutation Strain: D7 Cytotoxic >41 mM 1980
assays on
fungi and Saccharomyces cerevisiae| 0, 0.75, 1.49, Positive Brennan &
east i
y Strain RS112 2.98, 4.47,5.59 Cytotoxic >4.47 mg/ml Schiestl, 1998
mg/ml
Aspergillus nidulans 0.04, 0.08, 0.12, | Positive 0.20 % Crebelli et al.,
0,
0.16, 0.20 % viv Cytotoxic 0.20 % viv 1988, 1992,
1995
Mammalian | L5178Y mouse lymphoma | Without S9: 0.39| Weak positive with S9 Mitchell et
gene cells to 1.5 pl/ml Negative without S9 al., 1988
mutation With S9: 0.007
assays t0 0.06 ' I/|.”nI Cytotoxic >1.2 pl/ml without S9
PO H Cytotoxic >0.04 pg/ml with S9
L5178Y mouse lymphoma | Without S9: Weak positive with S9 Myhr and
cells 15.6-1000 nl/ml Negative without S9 Caspary,
With S9: 0.78- 1988
25 0 ni/ml Cytotoxic Without S9: 3500
nl/ml
Cytotoxic With S9: > 6.25 nl/ml
Chromosom | Meristematic cells oAllium | 0, 250, 500, Positive >1500 pg/mi Cortés et al.,
al aberration| cepa 1000, 1500, 250( . 1985
test and 5000 pg/ml Cytotoxic >1500 pg/ml
Assay for V79 Chinese hamster lung| 6 10°, 10° and Positive Onfelt, 1987
aneuploidy | cells 1.2 10°M Cytotoxic >1.2 16 M
DNA repair | Salmonella typhimuriumn | 1000 pg/ml Positive Ono et al.,
assay TA1535/pSK1002 1991
Primary Permanent leukemia cell | 0, 2.10°, 2.10" Positive with S9 Fujie et al.,
DNA line K3D and 2.1G M 1993
damage
Human lymphocytes 1.6 108 10°, 4 | Positive> 1 10° M Morimoto
10%,210° 110 _ ) and Koizumi,
2 510°M Concentrations 1 10° M 1983
induce a delay in the cell cycleg
Syrian hamster embryo cells 2.0, 1.0, 0.5, | Positive> 0.25 ml/chamber Hatch et al.,
0.25,0.12 . 1983
ml/chamber Cytotoxic >0.25 ml/chamber
(equivalentto | (160 mg/l air)
640, 320, 160,
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Test system | Test object Concentration Results Refamnce
and year
Meristematic cells oAllium | 0, 250, 500, Positive Cortés et al.,
cepa 1000, and 1500 . 1985
pg/ml Cytotoxic >1500 pg/ml

5.7.2 Invivo data summary

Negative results were reported for transgenic femate in a gene mutation assay in somatic
cells. Results of bone marrow chromosomal abenagsays in male mice and OECD 475 in
Chinese hamster were negative (Shelby and Witts;18fechst AG, 1988). Fujie et al.,
(1990) reported positive results for chromosomadrediions at 119 mg/kg in male rats (5
days oral administration, sacrifice at 6, 12, 124k after the last treatment) and 1.2 mg/kg in
rats of both sexes (IP treatment at Oh, sacrifi& &2, 18 or 24h).

Several micronucleus assays were negative in ratsnace, but two positive results were
obtained with doses above the DL50 via intra peatd administration (3 treatments at 24 hr
intervals, sacrifice 24 hr after the final inject)oor after partial nephrectomy (treatment 72h,
sacrifice at 74h) (Shelby and Witt, 1995; Robbiahal., 1998).

Negative results for interchromosomal mitotic rebamation in drosophila and positive
results in aneuploidy assay in grasshopper emhmgre reported in inhalation studies with
high chloroform doses up to 620000 ppm (Liang £t1#183). No effects on hepatocyte UDS
were observed following oral administration of aloimrm in male rats and female mice
(Mirsalis et al., 1982; Larson et al., 1994).

Morimoto and Koizumi (1983) observed an increasehi@ frequency of sister chromatid
exchange in bone marrow cells of mieedtment D1-4, sacrifice D&}t dose of 50 mg/kg/day,
but at 200 mg/kg/day, all of the mice died. Stub&PNA binding in liver and kidney of
mice and rats exposed to chloroform orally or byaiation showed no clear positive results
at doses up to 240 mg/kg (Diaz Gomez and Castri@Q;1Reitz et al., 1982; Pereira et al.,
1982).

Topham (1980) reported no effects on germ cells f@ae mice receiving 5 daily i.p.
injections of vehicle alone (corn oil, 5 ml/kg/ day chloroform at 0.025, 0.05, 0.075, 0.1,
0.25 ml/kg/d (0.25 ml/kg is a lethal dose). No gmse of abnormal sperm heads was observed
5 weeks after the last dose injection.

Table 11 Summary of in vivo mutagenicity

Test system Method Route of administration Toxic dse Result Reference
Gene mutation assays in somatic cells - Studiesieddle with or without restriction
Female Gene mutation | Inhalation >30 ppm Negative Butterworth et
B6C3F1 Lacl | assay at the lacl | 6 hr/day (liver al., 1998
transgenic transgenic gene | 0, 10, 30, or 90 ppm toxicity)
mice in liver 10, 30, 90, or 180 days
Chromosomal aberration assays - Studies reliable i or without restriction
Male and Cytogenetic Oral 500 mg/kg Weak positive | Hoechst AG,
female assay in bone 0, 40, 120, 400 mg/kg (based on rarity | 1988
Chinese marrow cells Treatment at Oh, sacrifice at 6, of aberration
hamsters 24 or 48h observed)

OECD TG 475
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Male Long- Cytogenetic Oral No data Positive 119 Fujie et al.,
Evans rats assay in bone 1.2,11.9 and 119.4 mg/kg mg/kg 1990
marrow cells 5 days, sacrifice at 6, 12, 18 or
24h after the last treatment
Male and Cytogenetic i.p. No data Positive 1.2 Fujie et al.,
female Long- | assay in bone 1.2,11.9 and 119.4 mg/kg mg/kg 1990
Evans rats marrow cells Treatment at Oh, sacrifice at 6,
12, 18 or 24h
Male B6C3F1| Cytogenetic i.p. No data Negative Shelby and
mice assay in bone 0, 200, 400, 800, 1000 Witt, 1995
marrow cells mg/kg/d
single administration, sacrifice
17 and 36 hr later
Micronucleus assays - Studies reliable with or witbut restriction
B6C3F1 mice| Micronucleus | i.p. No data Negative Salamone et
assay in bone 80% of the LD50 al.,, 1981
marrow cells 2 treatments (sampling times
48, 72 and 96h)
1 treatment (sampling times:
36, 48, 60, 72h)
1 treatment (sampling time:
60h)
Male and Micronucleus i.p. No data Negative Gocke et al.,
female NMRI | assay in bone 0, 238, 476, 952 mg/kg in 1981
Mice marrow cells olive oll
Treatment at 0 and 24 h,
sacrifice at 30h
Male B6C3F1| Micronucleus i.p. No data Positive 400 Shelby and
mice assay in bone 0, 200, 400, 600, 800 mg/kg/d mg/kg/d Witt, 1995
marrow cells 3 treatments at 24 hr intervals,
sacrifice 24 hr after the final
injection
Male and Micronucleus i.p. LD50 =0.11| Negative Tsuchimoto &
female CD1 | assay in bone 0, 0.015, 0.03 and 0.06 ml/kgl ml/kg (163 Matter, 1981
mice marrow cells (0, 22, 44 & 89 mg/kg) mg/kg)
2 treatments at 24 hr intervals,
sacrifice 6 hr after the final
injection
Male Micronucleus Oral > 480 mg/kg| Positive Robbiano et
Sprague- assay in kidney | 480 mg/kg al., 1998
Dawley rats | cells Treatment 72h after partial
nephrectomy and sacrifice at
74h
Larvae of Micronucleus Dissolved in water > 100 pug/ml | Negative Le Curieux ef
Pleurodeles | assay in blood | 12.5, 25 and 50 pg/ml water al., 1995
waltl 12 days
Fernandez et
al., 1993
Male and Micronucleus Oral > 480 mg/kg| Negative Whitwell,
female assay in bone 0, 120, 240 or 480 mg/kg/day 2009
Sprague marrow cells 5 days treatment, sacrifice 24
Dawley hours post the last dose
Crl:CD® rats
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Drosophila melanogaster assay - Studies reliable with or without restridon

Drosophila Interchromosom | Inhalation No data Negative Vogel and
melanogaster| al mitotic 0, 2000, 4000, 8000, 16000 Nivard, 1993
recombination ppm
17 hours
Assays for aneuploidy - Studies reliable with or whout restriction
Grasshopper | Mitotic arrest Inhalation No data Positive Liang et al.,
embryos and anaphase | 0, 31000, 155000, 310000 ard 1983
abnormalities 620000 ppm
16 hours
DNA repair assays - Studies reliable with or withotirestriction
Male Fischer | Unscheduled Oral c.a. 400 Negative Mirsalis et al.,
344 rats DNA synthesis | 0, 40, 400 mg/kg mg/kg 1982
in hepatocytes | Treatment at Oh, sacrifice at 2
and/or 12h
Female Unscheduled Oral 477 mg/kg Negative Larson et al.,
B6C3F1 mice| DNA synthesis | 0, 238, 477 mg/kg 1994
in hepatocytes | Treatment at Oh, sacrifice at 2
and 12h
Primary DNA damage assays - Studies reliable withravithout restriction
Male ICR/SJ | Sister chromatid | Oral No data Positive: 50 Morimoto and
mice exchange assay | 0, 25, 50, 100, 200 mg/kg /day mg/kg/d Koizumi, 1983
in bone marrow | Treatment at D1-4, sacrifice at
cells D5
Female DNA binding in | Oral No data Negative Pereira et al.
B6C3F1 mice| liver 119 mg/kg 1982
Treatment at Oh, sacrifice at
16-18h
Male DNA binding in | Oral No data Weak positive Pereira et al.
Sprague- liver and kidney | 48 mg/kg 1982
Dawley rat Treatment at Oh, sacrifice at
16-18h
Male B6C3F1| DNA binding in | Oral No data Negative Reitz et al.,
mice liver and kidney | 240 mg/kg (minimal) 1982
Treatment at Oh, sacrifice at
4h
Male A/J DNA, RNA and | i.p. - Negative Diaz-Gomez
mice nuclear protein | Up to “toxic dose” N and Castro,
binding in liver | Single or once daily for 4 days Positive (for | 1980
or twice a week for 2 weeks nuclear proteins)
Male F 344 DNA strand Gavage No data Negative Potter et al.,
rats break in kidney | 1.5 mmol/kg (180 mg/kg) 1996
Daily for 7 days, sacrifice 1
day later
Germ cells assays - Studies reliable with or withduestriction
Male (CBA x | Mouse sperm i.p. 0.25 ml/kg Negative Topham, 198
Balb/C)F1 abnormality test | 0, 0.025, 0.05, 0.075, 0.1, 0.25
mice ml/kg/d

Treatment at D1-5, sacrifice 4
D35

1
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Drosophila Sex-linked Oral c.a. 25 mM Negative Gocke et al.,
melanogaster| recessive lethal | 25 mM 1981

assay Single
Drosophila Sex-linked Oral No data Negative Vogel et al.,
melanogaster| recessive lethal | 0.1 and 0.2% 1981

assay 3 days

RAC assessment:

A detailed evaluation (in relation to the test riegments according to the OECD test guidelines for
mutagenicity testing) of the studies provided ie ttossier was performed by RAC. Based on this
evaluation some of the studies were consideredoitrast with the opinion of the Dossier Submitter,
to be of unacceptable quality and were not incluidethe further evaluation of mutagenicity of the

substance. In addition, one study considered nepdiy the Dossier Submitter, was, after the
evaluation, found seemingly positive. The resuftthe RAC evaluation are provided in the detailed
descriptions of the studies in section 5.7.3.1.

5.7.3 Detailed description of the key/in vivo studies

This section aims at providing further informatits determine whether chloroform is @m vivo
mutagen and should be classified as Muta. Cat.68; R vitro data were summarised irable 10
and are not further detailed here.

Thein vivo key studies presented in this section were chbsased on their reliability (1 or 2). The
reliability of these studies was evaluated usirgggtoring system of Klimisch.

RAC assessment:

Please note that selection of the key studies dsaw@ssignment of their reliability score was mad
by the Dossier Submitter. In some cases this doeseflect RAC opinion (see the RAC comments on
each study below).

5.7.3.1 Micronuclei formation

Robbianoet al., 1998, Oral micronuclei evaluation in kidney cells):

The frequency of micronucleated kidney cells wasl@ated in rats exposed to 6 halogenated
anesthetics including Chloroform.

7 males Sprague-Dawley albino rats per group wejected i.v with 250 mg/kg of folic acid to
increase the proliferative activity of kidney celsluced by nephrectomy. Chloroform was dissolved
in corn oil and administered as a single p.o. dds€r2 mg/kg bw/day in corn oil (which was half of
the LDsy of chloroform) 2 days after folic acid injectiothe dose was administered by gastric
intubation in a volume of 0.01 ml/g. NDMA (20 mgjkgyas used as a positive control. Results are
presented iTable 12

Chloroform induced a statistically significant inase in the average frequency of micronucleated
kidney cells. The mean frequency of micronucleatedls in rats was 1.33.F0for the negative
control. The ratio treated/control being 3.32, #raratio for positive control being 6.52.

This test was conducted according to OECD guidelife with the following deviations:
- The study was realized on kidney cells insteadytheocytes but kidney is the target organ

- Only one concentration was tested: 472 mg / kg aywighereas according to OECD
guideline 474, three doses are recommended.
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Table 12: Frequency of micronucleated kidney cells rats treated with chloroform.

Treatment conditions N of cells Frequency (x10°) of Frequency (x10°) of
scored micronucleated cells binucleated cells
Control 37046 1.33+ 041 1.91+ 0.37
Chloroform 4 mmol/kg 15995 442 + 1.16* 2.15+ 0.55
NDMA 20mg/kg 9038 8.68 + 2.69* 1.62+ 0.61

*Significantly different from the control group pk 0.001 as determined by the Wilcoxon’s two san(le tail
test).

RAC assessment:

Based on the invalidated study protocol used thelt®of the study are difficult to interpret and
therefore RAC regards this study as inadequatthéoevaluation of the mutagenicity of the substance

Gockeet al., 198] (Intraperitoneal mice bone-marrow micronucle sags

This study consisted in a micronucleus assay irebraarrow cells in male and female NMRI mice
treated with chloroform.

Male and female NMRI Mice were injected intrapenially with 0, 238, 476 and 952 mg/kg in olive
oil at 0 and 24 h with a sacrifice at 30 h. Resaits presented ihable 13 This study was conducted
according to OCDE guideline 474, no deviation wated.

Table 13: Results of the micronucleus test on moug®ne marrow.

Compound Surviving / Dose Route of Micronucleated
treated mice malkg application PE (%o)

Chloroform 4/4 2x952 ip 2.2

4/4 2x476 ip 2.6

4/4 2 x 238 ip 2.2

4/4 0 ip 1.2

Hydroguinone 8/8 2 x 110 ip 10.0%

8/8 2 x 55 ip 35

4/4 2x22 ip 1.4

4/4 0 ip 11

** Significantly different from control, p<0.01.

No statistically significant dose-related increase micronuclei formation was observed with
chloroform.

RAC assessment:
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The result of the experiment is not reliable asydhlanimals of each sex instead of the required 5
animals of each sex were used in the experimentaipg, the samples of cells were taken too early,
only 1000 instead of the required 2000 immaturetheogytes per animal were analysed for
micronuclei, and cytotoxicity was not measuredcamclusion, this study does not have a power that
is in compliance with the requirements of the glindeand was not performed using an appropriate
sampling time. The study is not acceptable foretbeduation of the mutagenicity of chloroform.

Tsuchimoto & Matter, 1981, (ntraperitoneal bone marrow micronucleus assay):

Activity of chloroform in the micronucleus test wassessed in male and female CD1 mice. Each
group consisted of two males and two females.

Chloroform was administered i.p twice with 0, 0.0083 and 0.06 ml/kg (equivalent to 0, 22, 44 and
89 mg / kg bw/day) in DMSO, 24 h apart. The animvadse killed 6 h after the second application.
Femoral bone marrow cells were obtained and snwears prepared. The number of micronucleated
polychromatic erythrocytes (MPE) was counted, lmitthe number of micronuclei per cell.

The data obtained were evaluated on the basiedbtlowing criteria:

- Two or more mice per group with MPE frequenciesvat®.40%
- One or more treated groups with mean MPE frequeratieve 0.30%
- Statistical significance in one or more treatecugro

This study was conducted according to OCDE guidelm474. Results are presented in
Table 14

Table 14: Frequencies of micronucleated polychromat erythrocytes.

Compound Doses Micronucleated polychromatic
erythrocytes (%)

Chloroform 0 ml/kg 0.12

0.015 ml/kg 0.08

0.03 mi/kg 0.08

0.06 mi/kg 0.07
2-acetylaminofluorene 0 mg/kg 0.08

280 mg/kg 0.70*

560 mg/kg 0.65*

1120 mi/kg 0.45*

* Significantly different from control, p<0.05.

A test substance was judged positive when all tloke¢hese criteria were met. The mutagenic
compound 2-acetylaminofluorene was considered sisiym®

In the conditions of this study, the authors codellithat no micronucleus formation was observed
whatever the concentration of chloroform tested.
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RAC assessment:

The result of the study is not reliable as onlynRreals of each sex instead of the required 5 asimo&l
each sex were used in the experimental groupssahmples of cells were taken too early, only 1500
instead of the required 2000 immature erythrocytes animal were analysed for micronuclei, and
cytotoxicity was not measured. In conclusion, gtigdy does not have a power that is in compliance
with the requirements of the guideline and waspsotormed using an appropriate sampling time. The
study is not acceptable the evaluation of the nertaity of chloroform

Shelby & Witt 1995, (Micronucleus assay in bone marrow cells by irdridpneal route):

Tests for the induction of micronuclei (MN) in bomarrow cells of mice have been conducted on 65
chemicals including chloroform.

Groups of 5 or more male B6C3F1 mice were injeattdperitoneally (i.p.) chloroform at 200, 400,
600 and 800 mg/kg bw/day three times at 24 h iaterwith the test chemical dissolved in corn oll
(CO) in two independent trials. The total dosingumee per mouse was 0.4 ml (chloroform or solvent
control). A concurrent positive control group (imding benzene, acrylamide and phenol) of mice was
included in each of the micronucleus tests (datapmesented). Twenty-four hours after the final
injection, smears of the bone marrow cells from dsnwere prepared and 2000 polychromatic
erythrocytes (PCE) were scored per animal for feegqy of micronucleated cells. The percentage of
PCE among the total erythrocyte population in taeebmarrow was scored for each dose group as a
measure of toxicity (se€able 15. This study was conducted according to OCDE dindet74, no
major deviation was noted.

Table 15:
TABLE X. Chloroform (CAS No. 67-66-3) (MN+/ABS—)

Test* Trend Daose

) Survival
_(sihrgn:) Tissue P value (mg'kg) MN-PCE/1,000 (No. scored)
Micronucleus BM 0.011* 0 2.40 + (.45 10/10
(CO) 200 3.00 = 0.39 10/10
400 3502072 1710
800 4.20 = 0.47 10/10
0.001= [ 2.10 =0.29 55
400 4.00 = 0,72% 5/5
600 4.75 £ 1.20% 4/5

Both trials gave a statistically significant dos¢ated increase in MN. Accordingly, the resultgio$
study were considered as seemingly positive.

RAC assessment:

The study is of good quality however the cytotayicvas measured but not reported. The study is
acceptable for the evaluation of the mutagenidityhdoroform.

Salamoneet al., 1981, (Intraperitoneal bone marrow micronucleus assay):

This study consisted in micronucleus assay in bo@erow cells in B6C3F1 mice treated with
chloroform.

B6C3F1 mice were injected intraperitoneally with¥8®f the LD, of chloroform (exact dose not
specified) as follow:

- P1: 2 treatments with 80% of Lpat 0 and 24 h , sampling times: 48, 72 and 96 h.
- P2: 1 treatment with 80% of LB sampling times 36,48, 60 and 72 h.
- CT: 1 treatment with 80% of L9 sampling time : 60h.
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Results were presentedTable 16 Micronuclei formation was observed at 60 h foloobform with

a concentration of 80 % of L 2-acetylaminofluorene, known to be a mutagenimmaound, was
used as positive control. This study was condueiszbrding to OECD guideline 474 with minor

deviations:

Only one concentration was tested for chloroform.
This concentration was described as 80%lldit numerical data was not indicated.
500 PCE were counted per mouse instead of 1000.

Table 16: Number of micronuclei/500 PCE for a singd mouse for each compound

Chemical Phase P1,Dose %| N°of Sampling time
P2orCT| LDs |treatme
nts 30 36 48 60 72 96
Chloroform P1 80 2 0,0,0,0 0,100 01
P2 80 1 0,0,0 2.3 0,2
CT 80 1 0,0,1,1,11
2- P2 S0 1 0,2 1,0,1 5211
acetylaminofluorene 50 1 0.0.001.21
34,68
CT 25 1 01224
12.5 1 01,124

Statistically significant positive groups are ursdered.

In conclusion, as only 2 animals presented micr@adormation in first experiment, which was not

confirmed in the second trial. The results of 8tisgdy were considered as negative.

RAC assessment:

The result of the study is not reliable as 7 of 8hexperimental groups did not contain the required
number of animals, only 500 instead of the requi26@0 immature erythrocytes per animal were
analysed for micronuclei, only one dose level waslisd, and cytotoxicity was not measured. In
conclusion, this study does not have a power thahicompliance with the requirements of the

guideline. The study is not acceptable for the wai@dn of the mutagenicity of chloroform.

Whitwell, 2009, (Oral bone marrow micronucleus assay):

Chloroform was tested for its ability to induce noicuclei in the polychromatic erythrocytes (PCE) of

the bone marrow of treated rats, following 5 dafysepeated oral dosing.

Groups of six male and six female rats were trefdedive consecutive days with the vehicle (corn

oil) or chloroform (at 120, 240 or 480 mg/kg/daya wral gavage. Doses were selected based on

previous literature and tested in a range findguyst

A group of six male and six female rats were treéatace with cyclophosphamide (CPA 20 mg/kg)
dissolved in saline, as a clastogen positive co2#chours prior to necropsy. Two additional groups
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of six male and six female rats were treated wittaaeugenic positive control, Carbendazim (CBZ),
dosed twice (on Days 4 and 5). Carbendazim wasddais£500 mg/kg/day and 2000 mg/kg/day.

All animals were sacrificed on Day 6 (approximat2l hours post the last dose) and bone marrow
smears prepared. Polychromatic erythrocytes wealysed for micronuclei.

*« Results

Clinical signs observed essentially in the Micrdeus Experiment at 480 mg/kg/day included ataxia,
bradypnoea, tachypnoea, hunched posture, hypothelatihargy, mouth rubbing, decreased activity,
ptosis, piloerection and tremors. Suppression dilityo(under the form of ataxia) was observed in
only one high-dose male and one high-dose femaletas was observed only at 0.5 hours post-dose
in the preliminary study, and in high-dose female®ay 1 (0.5 hours post-dose), at Day 2 (0.5 hours
post-dose), Day 3 (0.5 to 2 hours), and Day 4 t®5 hour); no serious CNS symptoms (convulsions
or tremors) were observed except for the moribunohal for which causes of its state are unknown.
As shown in table 18, high-dose male rats and o mind high-dose female rats (- 1.5% and - 8.3%,
respectively) lost weight. Three of the 5 remainingles having lost weight during the first 5 dafs o
treatment, gained weight between day 5 and 6 (notvs in the table). An increase in severity of
observations was noted in high dose females on Baysd 4 compared to males. One male animal of
the high dose group was killed in extremis on Dayuttwas not necropsied instead of liver. Clinical
signs in both genders were noted to be less séydbay 5.

Table 17: Mean group body weight evolution over the dogiegod of the assay from day 1 to day 6
per sex compared to concurrent vehicle controls

Dose Sex Group mean % change |n
(mg/kg/day) (M/F) bodyweight (Day 1 to Day 6)
Vehicle M 158%

Vehicle F T241%

120 M +11.2%

120 F +2.0%

240 M +3.6%

240 F -1.5%

480 M -10.5%

480 F -8.3%

M Male

F Female

Modest reduction in temperature was noted on Daty240 and 480 mg/kg/day in several male and
female animals compared to control values (moregusoced in male animals, although decreased by
a factor up to 7.6 for male rats and by a factotou.1 for female rats). This effect was not olbedr

on Day 5.

Negative (vehicle) control male rats exhibited augr mean frequency of polychromatic erythrocytes
(PCE) to normochromatic erythrocytes (NCE), ratipressed as %PCE, that slightly exceeded the
historical (vehicle) control (normal) range (62%BP@ersus 39-59% range). However, this ratio was
within normal values for control females.
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The clastogen (CPA) positive control group exhithitecreased numbers of MN PCE such that the
frequency in the positive control group was sigmifitly (p< 0.001) greater than in the concurrent
controls. Significantly elevated aneugenic (CBZ}ipwe control responses were also noted, although
these were of a lower magnitude than the clastogesiponse with a degree of heterogeneity (both
genders). However for both doses of CBZ analysedetiwas a clear upward shift in distribution of
MN PCE with several individual animals exhibitingNVPCE values exceeding those expected from
historical vehicle control distribution data.

The assay system was therefore considered as valid.

Rats treated with Chloroform showed group mean %R&lkes that decreased in a dose dependent
manner, with the highest dose (480 mg/kg/day) étthi§h38% PCE (males) or 27% PCE (females).
These were markedly lower than the concurrent \elimntrol values of 62% or 44% PCE (males and
females respectively). However, these data werdinvithe historical control values (21-78%),
confirming what was found during the dose rangelifig pre-experiment where high group mean
percentage PCE values were not significantly akte(®@6% and 54%, for male and female
respectively). These levels are considered normf@rwcomparing with historical vehicle control
(normal) ranges. However, % PCE of 240 mg/kg/day 480 mg/kg/day treated rats was in the range
or smaller than the CPA-positive control groupsyi®@ so, it is not clear if doses of CPA used ie th
study are toxic in addition to be genotoxic. DosEEPA are selected to induce micronucleus in bone
marrow, not for being toxic in this target orgamerefore, it is not clear if this comparison inferon

the fact that the dose of Chloroform used was tokicot, and data on bone marrow toxicity evaluated
by %PCE were highly variablelowever, bone marrow toxicity may have occurrethia study.

Table 18: Number of micronuclei/500 PCE for a single mofegsesach compound

Sexe | Treatment | PCE MN PCE| % Standard | Heterogeneity 2x2
(mg/kg/day) | scored | observed | MN | Deviation contingency
PCE
X2 Significa | X2 | Significa
nce nce
M | Vehicle 12000| 8 0.07 0.09 13.0p<0.05
ale 1
S
120 12000 | 13 0.11 0.05 228 NS 0/78S
240 12000| 6 0.05 0.03 2 NS 0.0NS
480 10000| 10 0.1 0.09 7.01 NS 0Q38S
CPA,20+ 12000| 227 1.89 0.56 17.0p<0.01 | 204.p <
6 23 | 0.001
CBz, 1500# | 12000f 24 0.2 0.15 11.6p<0.05 | 7.04| p<0.01
2
CBz, 2000# | 12000f 48 0.4 0.52 272\ p <
2 0.001
Fe | Vehicle 12000| 14 0.12 0.08 572 NS
m
ale | 120 12000 | 11 0.09 0.05 2.64 NS 0/18S
S 240 12000 3 0.03 0.06 15| <0.05 | 5.89 NS
480 12000| 20 0.17 0.1 6.41 NS 0[7MS
CPA,20+ 12000| 140 1.17 0.39 136 <p.05 | 102|p <
12 | 0.001
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CBZ, 1500# | 12000 35 0.29 0.22 163 <p.01 | 8.18 p<0.01

CBZ, 2000# | 12000{ 32 0.2y 0.16 6.29| p<0.05

+ Administered as a single dose
# Administered twice on Days 4 and 5

The groups mean frequencies of MN PCE observeesnhadrticle treated groups (male and female
data) were not significantly (g 0.05) different to the vehicle controls (see tab®). In addition,
individual frequencies of MN PCE were generally ilamto those seen in the vehicle control groups
and consistent with the laboratory’s historicalnjege) control distribution data.

As no induction of MN PCE was observed in the pobigenatic erythrocytes of the bone marrow of
male and female rats treated up to 480 mg/kg/dafife consecutive days, the study was considered
negative and no further mechanistic investigatisage performed.

e Deviations from guideline

Study was conducted to meet the known requiremehttie OECD guideline 474. Other minor
deviations than those specified in the appendinflifie study report were observed and are reported
below.

In the protocol, it is stated that slides from @RA-treated rats were initially checked to enstie t
system was operating satisfactorily implying thayt were not blindly read. This is a deviationhe t
OECD guideline 474 where it is stated that “positoontrol doses should be chosen so that [...] do
not immediately reveal the identity of the codedesd to the reader”. It should be noted that arsgco
positive control was included in the study and thlhtthe other groups than CPA were coded and
blinded read. This second positive control, naméte CBZ was used to evaluate the aneugenic
(whole chromosome loss) potential of chloroformdboa positive induction of micronuclei have
been observed. Significantly elevated aneugeniZjqsitive control responses were noted but were
of a lower magnitude than the clastogenic respovitde a degree of heterogeneity (both genders).
Having another positive control does not seem &cgert argument to separate the reading of the
CPA slides but this deviation has no impact onréselts of the study.

¢ Limitations of the study

The mild clinical signs observed (behaviour, bodgights, CNS symptoms, modest and reversible
hypothermia observed after treatment) and the @esehnecropsy of the moribund rat preventing to
determine if morbidity was treatment-relatgdestion the doses selection, in particular thaoe

of the highest dose used [see Annex V of the Direc67/548/EEC (Part B; Methods for the
determination of toxicity and other health effec@eneral Introduction)]. Moreover, the groups mean
percentage PCE values for the different groups wetlein the historical control range (21-78%)
showing no indication of a test article relatedeeffon bone marrow toxicity.

Formulation analyses demonstrated variability irme of achieved concentrations from all of the
sampling points across the range of concentratimesl and most particularly at the low dose-level.
The groups mean results ranged from:

- 8.6 t0 90.1 % of the nominal concentration ofd@mL (low dose-level);
- 63.6 t0 95.4 % of the nominal concentration oh&¥mL (medium dose-level);
- 79.7 to 97.3 % of the nominal concentration oh#@mL (high dose-level).

Blood plasma analysis confirmed that animals weystesnically exposed to Chloroform with
increasing exposure with both concentration ane tifthe clinical toxicity data, consistent between
range-finder and Micronucleus Experiments, supgogiso the correct exposure of the animals to
Chloroform. However that exposure was highly vagamd that level could not be defined.

e Conclusion of the study

We consider this study valid.
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RAC assessment:

In this study in Sprague Dawley Crl:ED(SD) rats, no statistically significant increase the
frequency of micronucleated immature erythrocytethe bone marrow was established in the single
experiment performed. Cytotoxicity was observed]iaating that the bone-marrow cells were
exposed. The study was conducted in compliance @ECD guideline 474 (however, see comment
above) and the results of the study are consid@ieble and negative, i.e. induction of microniicle
in the bone marrow of Sprague Dawley CrlC{3D) rats was not established.

5.7.3.2 Chromosom aberration studies

Shelby & Witt 1995, (Chromosomal aberration test inbone marrow by i.p route);

Tests for the induction of chromosomal aberrati(@4) in bone marrow cells of mice have been
conducted on 65 chemicals including chloroform.

Chloroform was tested for induction of chromosorabérrations in the mouse bone marrow cells
using two different sacrifice times (17 h or 36 kale B6C3F1 mice (8 per dose group) received a
single i.p. injection with chloroform dissolvedaorn oil at doses: 200, 400, 800, 1000 mg/kg pendin
harvest time. The total dosing volume per mouse @dsml (chloroform or solvent control). A
concurrent positive control group of mice was inled for each test (data not presented). Fifty well-
spread first-division metaphase cells from eaclmahper treatment group were scored for presence
of chromosomal aberrations (s€able 19. This study was conducted according to OECD dinee
473, no major deviation was noted.

Table 19
!—Ianrest Trend Dose % Cells with
time (hr) P value (mgfkg) ABS Survival
Chromosome 17 0.004* 0 025 *0.25 8/
: . 25+0.2 3
aberrations (CO) 200 1.75 = 0.70 8/8
400 2.50 = 0.98* 8/8
800 1.75 £ (.45 8/8
17 0.500 0 1.50 £ 0.73 8/8
800 0.50 £ 0.33 88
1,000 125 +0.37 88
36 0.781 Q 1.00 + 0.53 8/8
200 2.00 £ 1.00 88
400 1.75 £ 0.70 8/8
800 1.25 + 0,53 8/8

*Tests performed at BNL.
""Significant positive effect.

One CA trial with a 17 h sample time gave a staadly significant effect at 400 mg/kg only but the
concurrent solvent control value was very low, @@%aberrant cells (historical control value is
3.26%). This effect was not confirmed in a secoiad with higher doses. Results of a trial with@&l8
sample time were also negative, so the final resa#t concluded to be negative.

RAC assessment:

The reliability of the result of the study is lownee only 50 instead of the required 100 cells per
animal were analysed for chromosome aberratiotisowgh it is acknowledged that the reliability is
partly retrieved by the use of 8 instead of theumagl 5 animals in each experimental group. Despite
this deviation of the study, the study is accegafur the evaluation of the mutagenicity of
chloroform.
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Fujie etal., 1990

» Chromosomal aberration test in bone marrow by jrriéoneal administration (i.p.):

Chloroform has been studied for its ability to indichromosome aberrations (GA)vivoin rats.

Chloroform was administered by intraperitoneal ¢tign in water to male and female Long-Evans
rats at doses of 1.2, 11.9 or 119.4 mg/kg body hieit0? 10" or 1 mmole/kg). Non-diluted benzene
(234.3 mg/kg or 3 mmole/kg) was administered igpagoositive control. Dose-response relationship
was studied in cells sampled 12 h after i.p. adstiaiion. A significant increase in the incidende o
aberrant cells was noted for chloroform at doses.®fmg/kg bw and greater with a significant dose-
response trend (sdeable 2. This study was conducted according to OCDE dinidel75, no major
deviation was noted.

Table 20: Relationship between dose and trialometimes (THM)-induced CA 12h after

I.p. injection
RELATIONSHIP BETWEEN DOSE AND THM-INDUCED CA 12 h AFTER INTRAPERITONEAL INJECTION
Chemical Dose * Sex ° Number of  Number of cells Number of Incidence of x -test  Trend
(mmole, kg) cells with aberrations/cell  aberrant cells test
. ——— . ¢ - A
examined gaps  breaks {mean + 502) (mean + 512} (P value)
CHCl, 1072 Male (3) 300 5 13 (0.043 + 0.005 4.3+0.5 (%) * M 0,001
Female (3) 300 3 10 (1033 £0.004 3.3+0.58 F 0.001
Total (6) 600 8 23 0.038 £0.007 38407 * T 0.001
1071 Male (3) 300 9 23 0.077+0.012 77412 i
Female (3} 300 g 19 (.063 +0.004 6.34+05 **
Total {6) 600 18 42 0.070+0.011 7.0+£1.2 o
1 Male (3) 300 9 22 (LO73£0.005 13405 o
Female (3) 300 7 19 0.0634£0.013 63412 **
Total (6} 600 16 41 0.068 + 0.011 6.84+1.1 *
Positive Male (3) 525 14 70 0.133+0.019 133+19  **
control 3 Female (3) 525 10 38 0.0724+0.014 72+1.4 **
(benzene) Total (6) 1050 24 108 0.103 +0.035 10.3+35 o
Vehicle
control Male (3) 3300 4 3 0.010 £0.000 1.0+£00
(physio- Female (3) 300 1 2 0.007 £0.005 0.74+0.5
logical Total (&) 600 5 3 0.008 £0.003 08+04
saline)

® Doses of 107?-1 mmole/kg body weight for each chemical are as follows: CHCl,, 1.2-119.4 mg/kg; CHCI,Br, 1.6-163.8
mg,/kg; CHCIBr,, 2.1-208.3 mg,/kg; CHBr;, 2.5-253 mg/kg.

b Figures in parentheses indicate the number of animals examined.

¢ Not including the cells with gaps. Values indicate the mean and standard deviation of the results from 3 or 6 rats.

4 Trend test indicates the significance of the dose response for each chemical at each P value. M indicates the value for males, F for
females, and T for the total of male and female rats.

* Significantly different from untreated control at P < 0.03.
** Significantly different from untreated control at P < 0.01.

In a second experiment, the percentage of abematdphase cells was determined for 6, 12,
18 and 24 h after i.p. injection of 11.9 mg/kg »ed Table 21). Compared to the values for
the untreated control, statistically significantreases were noted at 6, 12 and 18 h after
chloroform i.p. injection. The incidence of abettranlls reached the maximum level at 12 h,

and decreased to the control level within 24 h.
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Table 21: Variation over time of THM-induced CA

VARIATIONS OVER TIME OF THM-INDUCED CA IN RAT BONE MARROW CELLS AFTER INTRAPERITONEAL
INJECTION

Chemical Dose * Time Sex® Number of  Number of cells Number of Incidence of xz—nest
(mmole/kg)  (h) cells with aberrations/cell  aberrant cells
. ———— . C 3 [
examined gaps  breaks (mean + SD) (mean £+ SD)
CHCl, 107! 6 Male (3} 300 4 14 0.047 £0.005 4.7+0.5 (%) *
Female (3) 300 4 9 0.030+£0.008 3.0+038 *
Total (6) 600 8 23 0.038 £0.011 38+l o
12 Male (3) 300 9 23 0.077 £0.012 77412 o
Female (3) 300 9 19 0.063 +£0.004 6305 * :
Total (6) 600 18 42 0.0704+0.011 70412 *
18 Male (3) 300 5 12 0040+ 0.008 40408 *
Female (3) 300 4 11 0.037+0.005 37405 *
Total (6) 600 9 23 0.038 £ 0.007 38407 **
24 Male (3) 300 4 3 0.010 4 0.000 1.0+0.0
Female (3) 300 4 0.013+£0.005 1.3+0.5
Total (6) 600 8 7 0.012 £ 0.004 1.2+04

- In conclusion, seemingly positive results were iblgtd for chloroform in dose-dependent
manner after intraperitoneal injection in rat bomarrow cells

e« Chromosomal aberration test in bone marrow by adalinistration:

Chloroform was administered by gastric intubatiomtale Long-Evans rats at doses of 1.2, 11.9 or
119.4 mg/kg bw/day with 24-h interval for 5 daystddsium bromate (250.5 mg/kg or 1.5 mmole/kg)
was administered orally as a positive control. Desponse relationships were studied in cells
sampled 18 h after the last day of treatment. Fal tbeatment, male rats were used because they
showed a slightly higher sensitivity to the cherfs¢aan female rats with i.p. treatment. A statesty

and dose-related significant increase in the ingdeof aberrant cells and of the number of abemati

! cells was noted with 119.4 mg/kg chloroform (6&®mpared to the untreated control (1%) (see
Table 23. This study was conducted according to OCDE dinde475, no major deviation was
noted.

Table 22: Relationship between dose and THM-induce@A

RELATIONSHIPS BETWEEN DOSE AND THM-INDUCED CA AFTER ORAL TREATMENT *

Chemical Dose " Time Sex © . -.Prl-u.mbcr .;i.;u.mber of Number of "Inci(-ic_ncc of  x*test Trend
(mmole/ (h) of cells cells with aberrations/cell aberrant cells test ©
) . o o d 4
ke) examined gaps breaks (mean+51) (mean + 5D}
CHCl, 1072 24 hx5+18h Male(3) 300 5 6 (.020 +0.008 2.0£0.8 (%)
1071 Male (3) 300 6 10 (.033 +0.004 3.3+05 P = 0.001
1 Male (3) 300 7 18 0.060 + 0.008 6.040.8 w

Positive control
(KBrO,) 1.5 24hx5+18h Male(3) 525 16 41 0.078 + 0.018 78+18 A

Vehicle control
(physiological saline) 24 hx5+18h Male(3) 300 2 3 0,010 4 0.000 1LO+0.0

The percentage of aberrant metaphase cells oventias determined 6, 12, 18 and 24 h after the last
day of oral treatment with 119.4 mg/kg chloroforised Table 23. A slight but statistically
significant increase in the incidence of CA wersated at 12h and clearly confirmed at 18h.

36



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON CHDROFORM
Table 23: Variation of THM-induced CA
VARIATION OF THM-INDUCED CA AT VARIOUS TIMES AFTER ORAL TREATMENT *

Chemical Dose” Time Sex © Number  Number of Number of Incidence of ~ x’-test
(mmole/  (h) of cells cells with aberrations /cell  aberrant cells
kg) examined m (mean+SD)¢.  (mean+SD)*
CHCl, 1 2dhx5+ 6h Male(3) 300 14 10 0,033 4 0.004 33+£05(%)
24hx5+12h  Male(3) 300 9 11 0.037 +0.005 37405
24hx5+18h Male(3) 300 7 18 0.060 +0.008 6.0+08 -
24hx5+24h Male(3) 300 6 3 0.010 4 0.000 1.0x00
Vehicle control 24hx5+18h Male(3) 300 2 3 0.010 + 0.000 1.0+0.0
{physiological
saline)

* 1 mmole/kg body weight of each THM was admimistered orally {gastric intubation} 5 times at 24-h intervals. The rats were killed
at various times after the last treatment.

" These figures indicate the amounts of each THM administered once daily. The total dose volumes were as follows: CHCl;,
119.4 x5 mg/kg: CHCI,Br, 163.8 x5 mg/kg: CHCIBr,, 208.3 X5 mg/kg; CHBr;, 253 X5 mg/kg.

“ Figures in parentheses indicate the number of animals examined.

¢4 Not including the cells with gaps. Values indicate the mean and standard deviation of the results from 3 rats.

* Significantly different from untreated control at P < 0.05.

** Significantly different from untreated control at £ <0.01.

In conclusion, chloroform did not produced chrontaabrearrangements in any of the aberrant cells,
the type of damage being largely limited to chradigtpe aberrations. The study shows a seemingly
positive result at 119.4 mg/kg for 12 and 18h d#iet day of treatment.

RAC assessment:

The study is acceptable for the evaluation of thiagenicity of chloroform, however the cytotoxicity
data are lacking.

Hoechstet al., 1988, Chromosomal aberration assay):

Chloroform was evaluated for clastogenicity in Gse Hamsters (5/sex/treatment group) exposed by
oral gavage to single dose of 0 (solvent contr)),120, and 400 mg/kg bw with subsequent harvest,
preparation and analysis of metaphase bone maretis/ (400 cells/animal) at 6 (high dose), 24 (all
doses), and 48 (high dose) hours post-treatment.

Results are presented ihable 24 When male and female results are combined, thghtsl
enhancement of chromosomal aberrations was statlgtsignificant (Mann-Whitney-U-test) at 6 and
24 hours after doses of 400 mg/kg, although the wats still within the range of historical negative
controls. In a second study, exposing groups ofstens to doses of 0 (solvent control), 120, and 400
mg/kg bw, 24-hour cytogenetic assay again revealstight but statistically significant increase in
chromosome aberrations in association with 400 qglkses, failing again to demonstrate a dose-
response relationship for rates of damage (chromesbreaks) beyond the range of historical
controls. However, when the results are individuatalysed for both sexes, no reproducible increase
of chromosomal aberrations was observed.

The study authors noted an inference of chlorofomatagenicity, based on the nature of marked
damage (multiple aberrations, chromosomal disiatiégm, and exchanges) associated with oral
chloroform at doses of 120 and 400 mg/kg (6-, @4d 48-hour assessments).

The authors concluded that chloroform can induce bbat heavy structural chromosome alterations as
analysed in bone marrow cells of the Chinese hamsider the experimental conditions described in
this report. Therefore a mutagenic potential oftést substance cannot be excluded.
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Table 24:Chromosomal aberration assay

Dose mg/kg Time (hours) Aberration rate
excluding gaps (%)

First experiment

Negative control 24 1.3

Positive control 24 9.7*

(CPA, 30mg/kg)

40 24 1.4
120 24 1.7
400 6 2.4*
24 1.6*
48 1.0

.Second experiment

Negative control 24 0.2

Positive control 24 11.4*
(CPA, 30mg/kg)
120 24 0.6

400 24 0.9*

*Significantly different from control, p<0.05.

RAC assessment:

An additional statistical analysis performed by RA&/ealed a seemingly positive trend in the
induction of chromosome aberrations following expesto chloroform in one of the experiments.
This fact contributed to the overall conclusiontttiee study produced a seemingly positive resailt, i
contrast to the unequivocal conclusion by the DasSubmitter. The study is acceptable for the

evaluation of the mutagenicity of chloroform.

Sister chromatide exchange

Morimoto & Koizumi, 1983, (Sister chromatide exchange (SCES)):

Trihalomethanes (THMs) including chloroform havebénvestigated for their ability to induce sister
chromatid exchanges (SCEs) in mouse bone marrdsiiicelivo.

Chloroform, dissolved in olive oil, was administgrerally to male ICR/SJ mice (0, 25, 50, 100, 200
mg/kg /day) once a day for 4 days (see Figure i)bdne marrow cells, an increase in SCE
frequencies was observed from 50 mg/kg with a Sggmit increase in the SCE frequency (P< 0.05).
Administration of 200 mg/kg of chloroform led to amcrease of about 3 SCEs per cell above the

control value.

38



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON CHDROFORM

Figure 1
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FiG. 3. The frequencies of SCEs in bone marrow cells from mice orally ingesting each of the tri-
halomethanes for 4 days. Each point represents the mean SCE frequency of 25 second-division cells
from each animal. The bar indicates the average of the mean SCE frequencies in each dose group.

The authors suggest that the formation of SCE aftdoroform exposure could be due to the
formation of phosgene described as the major téogpeally relevant metabolite of chloroform
(Gemmaet al, 2003; Golderet al., 1997; Pohl and Krishna, 1978). Indeed, chlomofits known to be
metabolically converted into trichloromethanok@H and then converted into phosgene GOBY
mixed-function oxidases (MFOs). Phosgene is thliey®d to be an active metabolite that might be
responsible for the toxicity of chloroform.

RAC assessment:

This is an indicator test and since results frondists on chromosome aberration and micronuclei are
available, the results from an indicator testscdiemited value.

Gene mutation

Butterworth et al., 1998,(Gene mutation in hepatocytes of BGC3F1 lacl mice):

Female B6C3F1 lacl mice were exposed daily for/@dy 7 days/week up to 180 days to 0, 10, 30 or
90 ppm (equivalent to 0, 50, 166 and 500 mg/kg day) chloroform by inhalation. Results are

presented iMable 25
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Table 25: Lacl mutant frequencies in Chloroform-treated Mice.

TABLE lil. Lacl Mutant Frequencies in Chloroform-
Treated Mice

Chloroform exposure Timepoint Mutant frequency
(ppm) (days)* (x107%)°
0 10 10,1 = 5.1
10 10 11.7 = 2.4
90 10 127 + 4.4
0 30 95+ 23
90 30 104 = 35
0 90 13,0 = 3.1
90 90 147 = 6.1
0 180 123 £ 0.8
90 180 137 + 36

‘Dration of exposure to chloroform. Exposures were 6 hriday 7 days/
week. Animals were held for 10 days after completion of exposures
to allow for fixation of mutations and for complete clearance of test
chernical.

"Mutant frequency is calculated as the number of mutant plagues isolated
per total plaques screened. Values are the mean * SD (animal-to-animal
variation) from five animals per dose group for each timepoint. Al least
200,000 plagues were screened per animal. As chloroform clearly did
not induce an increase in mutant frequency, the remaining five animals
in the group were not analyzed because of cost limitations.

The results presented here show that chlorofornirasii@red by inhalation does not increase mutant
frequency in thdacl assay.
RAC assessment:

The overall data available do not indicate thategentations is an endpoint of concern with respect
the mutagenicity of chloroform.

DNA binding — DNA damage

Pereira et al., 1982 (DNA binding):

Trihalomethanes used as initiators and promotecaafinogenesis were evaluated in this study. The
authors attempted to determine whether chlorofanoreiases the incidence of cancer in the NCI
bioassay by genetic, epigenetic or both mechanisthg authors evaluated the DNA binding
capability of chloroform.

Male Sprague-Dawley rats and female B6C3/F1 miceewadministered intragastrically’C-
chloroform (47.2 mg / kg bw for rats and 118 mglkg for mice) dissolved in corn oil. The animals
were sacrificed by cervical dislocation 16-18 heita

In rat liver and kidney, a definite peak of raditéty representing chloroform was found associated
with the ultraviolet-absorbing peak containing tB&lA, whereas no association was found for
chloroform in mouse liver.

Chloroform was demonstrated to bind rat liver aitth&y DNA but there was no evidence for binding
to mouse liver DNA within the sensitivity of thesay. The binding index of chloroform to rat liver

and kidney DNA was 0.017 and 0.0055, respectiwehich represents 0.05-0.15% the binding index
for DMN (11.4) used as positive control.

The low level of DNA binding by chloroform indicat¢hat the contribution of the genetic or initigtin
component of the carcinogenicity of the chlorofonmas much less than the genetic component of
DMN.
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Diaz-Gomez and Castro, 1980Binding to DNA, RNA or nuclear proteins):

This work aims to find evidence of covalent bindmfgchloroform or its metabolites to rat or mouse
liver DNA, RNA or nuclear proteins.

Male strain A/J mice or Sprague-Dawley male ratsewigjected i.p with {'C]JCHCIl; 22.72uCi/ml
(spec. act. 5.4 Ci/mol) (estimated to 4.96 mg/kd bay) and toxic dose (spec. act. 13.15 pCi/mmol,
conc 10% in olive oil) (estimated to 730 mg/kg/dayljce were sacrificed 6h after the last chloroform
injection and their liver processed for DNA or RNgblation, purification and counting. Results are
presented iMTable 2@or covalent binding to mouse liver DNA or RNA.

Table 26: Studies on possible covalent binding 6fC from [14C]CHCI 5 to mouse liver
DNA or RNA.

Experimental conditions 1%C from [**C]CHCI 3in dpm/mg
DNA RNA
Control 12+3 11+3
Phenobarbital 8+2 20+6
3-Methylchloanthrene 13+3 15+4
730 mg/kg 1 admin. 16+4 15+4
730 mg/kg x 4 days 6+2 9+3
730 mg/kg x 2 weeks 31 8+3

Under the experimental conditions, results failedi¢tect any significant covalent binding of CKICI
or its reactive metabolites to DNA or RNA in mouser. However, positive controls (phenobarbital
and 3-methylcholanthrene) did not showed high DNARNA binding. CHC} or its reactive
metabolites have no direct effect on DNA.

Rats were sacrificed 6h after the last chlorofonpadtion and their liver processed for separatibn o
nuclear protein fraction. Details of protocol wex described in the study.

“C from [“C]CHCI; was detected in all fractions of nuclear proteialgsed. The authors concluded
that nuclear proteins covalently bifdC from *CHCI, and that all the fractions isolated (acidic,
histone, deoxyribonucleo-protein and residual)ip@dted in the interaction.

Reitz et al., 1982, (DNA binding/DNA repairn vivo assay):

The potential of chloroform to induce genetic dasmagd/or organ toxicity at the site where tumors
have been observed (liver and kidney) in the varibioassays was evaluated in male B6C3F1 mice
and male Sprague-Dawley rats.

To evaluate DNA binding, male mice (B6C3F1 stramwsye exposed t&'C-chloroform (240 mg/kg
bw, Per O3.

The capacity ot*C-chloroform to bind DNA isolated from the livergikidneys of B6C3F1 mice was
given based on data from a previous publicationo©form had a Chemical Binding Index (CBI) of
1.5 pmol/mol DNA, with a detection limit of 1 umi6. For comparison, chemicals which strongly
bind to DNA such as aflatoxine or dimethylnitrosamhave a CBI of 17,000 pmole/DNA and 6,000
pmole/mole DNA, respectively.
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DNA repair was estimated by administering non radiive chloroform to animals and subsequently
determining the rate of incorporation &f-thymidine into DNA in animals receiving doses of
hydroxyurea sufficient to depress normal DNA systtieDetails of this procedure was not described
in the study. Results are presented in Figure2.

Figure 2: DNA repair in the liver of mice treateittwdimethylnitrosamine (DMN) or chloroform
(CHCI3) relative to control group.
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Figure 1. DNA repair in the liver of mice treated with
dimethylnitrosamine (DMN) or chloroform (CHCl,) relative
to control groups.

Intraperitoneal administration of dimethylnitrosai(DMN) cause a large increases in DNA repair in
the liver of B6C3F1 mice, but chloroform was ingetin this system. Thus these data fail to indicate
any significant repair of DNA (estimated as hydrasga-resistant incorporation #f-thymidine into
DNA) for orally administered chlorofornhe very low alkylation of DNA observed after ctdéyrm
administration suggests that the genotoxic poteotiehloroform is minimal.

Potter et al., 1996, (Induction of DNA strand breaks):

Effects of four trihalomethanes including chlorafoon DNA strand breaks in kidneys were evaluated
in male F344 rats by an alkaline unwinding procedur

Male F344 rats were administered chloroform daiydsal gavage equimolar doses (0.75 or 1.5
mmole / kg body weight equivalent to 88.5 mg / kgdr 177 mg / kg bw respectively) in vegetable
oil for 7 days. Induction of DNA strand break wasleated by the fraction of double stranded DNA.
The decrease of this fraction suggests the induafoDNA strand break as observed for positive
controls diethylnitrosamine and dimethylnitrosamine

Results are presentedTiable 27
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Table 27: DNA strand break induction by THMs.

Treatment Fraction of double stranded
DNA remaining after 45 min
unwinding
Vehicle control 0.83+0.02
Chloroform 0.87£0.01
Diethylnitrosamine 0.79+ 0.003*
Dimethylnitrosamine 0.55 + 0.02*

* Significantly different from control, p<0.05.

The fraction of double stranded DNA for chlorofowas equivalent to fraction observed for negative
control which suggests that chloroform did not icellDNA strand breaks in rat kidneys.

Mirsalis et al., 1982 (UDS assay) :

Unscheduled DNA synthesis (UDS) was evaluated ipatueytes of male Fischer 344 rats orally
administered with a single dose of 0, 40 or 400kgn@f chloroform. Rats were treated at Oh and
sacrificed at 2 and/or 12h. This study was condlatzording to OECD guideline 486 without major
deviations; except that the cells were stained witlution of methyl-green Pyronin Y. Results were

presented iMTable 28

Table 28: Induction of UDS by chemicals in the inivo — in vitro hepatocyte DNA
repair assay.

Chemical Dose Sacrifice Time Number of NG + SE
malkg (h) treated animals

Corn oll 2 7 -51+05
12 13 -44+05

DMN 10 2 4 55.8 +3.3
CCl; 40 2 3 -4.1+0.4
400 2 3 -4.4+0.8
400 12 3 -2.7+0.3

Net Grain (NG) formation was not observed in chlorm treated cells by comparison to negative
control. Positive control (DMN) leads to a signéit increase in Net Grain formation.

RAC assessment of the DNA binding, DNA damage andNA repair studies:

These tests are indicator tests and since reswdi® fStudies on chromosome aberration and
micronuclei are available, the results from indicatests are of limited value. However, the low
potential of chloroform to bind to DNA suggestsiagdirect mechanism for mutagenicity.
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Cell proliferation

Larson et al., 1994, Regenerative cell proliferation in livers and kigag

This study was designed to determine the doseadtips for chloroform-induced cell proliferation
in the male F344 rat kidney and liver. The labelimgex (LI) was evaluated as the percentage of S-
phase cells in livers and kidneys of males F34glgaten chloroform by gavage or in drinking water.

In the gavage study: (i) in kidney, an increaséabtlling index was observed only with 180 mg/kg
bw/day at 4 days; (ii) in liver, an increase ofdabg index was detected from 90 mg/kg bw/day at 4
days and with 180 mg/kg bw/day after 3 weeks afttnent.

In the drinking water study, chloroform exposureszd no increase in LI in any region of the kidney
at any exposure either at 4 days or 3 weeks. Tingeraf exposure in drinking water was lesser (0-90
mg/kg bw/ day) than exposure by gavage.

The authors concluded that dose-dependent incréasesl proliferation were associated with the
mild hepatotoxic effects of chloroform administeraaorn oil.

This study described the regenerative cell praiien in liver and kidney of rats and the relevaate
the results presented in this study to evaluatenii@agenicity of chloroform is unclear.

RAC assessment:

Since no genotoxic endpoint is measured, this sisidyt relevant for evaluation of the mutagenicity
of chloroform.

Summary of key studies

To compare the different data, all of these studiessummarized ihable 29
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Table 29 Summary of key studies provided by the sumitter.

Species End Point Doses Exposure Vehicle Route of Results Reliability | Guideline References
administration Deviations
Micronucleus assay
Male and 5 days 1 OCDE 474 Whitwell,
female 2009
MN treatment, .
Sprague 91’8320’ /2k4(3dor sacrifice 24 Corn ol Oral - Highest dose<MTD
mg/kg/aay
Dar\g:ey Bone marrow hours post Positive controls not
the last dose blindly read.
Sprague MN 472 mg/ kg bw  Single dose Corn oil Oral + 2 OCDE 474 Robbiancet
Dawley ) /d ) al., 1998
rat Kidney 472 mg /kg Rat kidney cells
bw/d instead of
erythrocytes
Mice MN 0; 238; 476; | Treatment at O Olive oil i.p - 2 OCDE 474 Gocket al,
952 mg / kg and 24 h 1981
Bone marrow bw
Male and MN 0; 22; 44; 89 | 2 treatments al DMSO i.p - 2 OCDE 474 Tsuchimoto
female mg / kg bw 24 h and
mice | Bone marrow sacrifice 6 h Route of Matter,
after the administration 1981
final was not
injection adequate
B6C3F1 mice MN 200, 400, 800| 3 daily inject Corn oil i.p + 2 OCDE 474 Shelby and
mg / kg bw o Witt
Bone marrow No deviation 1995
B6C3F1 mice MN 80% of LDy % daily doses DMSO i.p +/- 2 Only one Salamoneet
concentration al., 1981
Bone marrow 60 h was tested (80%
LDsg)
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500 PCE counted
per mouse
Chromosomal aberration
B6C3F1 mice CA 200, 400, 800| single injection Corn oil i.p - OCDE 473 no| Shelby and
mg / kg bw major deviation Witt
Bone marrow 1995
Long Evans CA 1.2,11.9 and 5 days Distilled water Oral + OCDE 473 Fujieet al,
rat 119.4 mg/ o 1990
Bone marrow kg bw 119 mg / kg no deviation
Long Evans CA 1.2, 11.9 and | Treatment at Oh, Distilled water i.p + OCDE 473 Fujieet al,
rat 119.4 mg/ sacrifice at o 1990
Bone marrow kg bw 6, 12, 18 or 1.2mg/ kg no deviation
24 h
Male and CA 0; 40; 120; 400 6,24,48h Paraffin oil Oral +/- OCDE 475 Hoechstet
female mg / kg bw o al, 1988
hamsters | Bone marrow 400 mg / kg No deviation
bw Not
publishe
d
Sister chromatide exchange
ICR/SJ mice SCE 25, 50, 100, 200 4 days Olive oll Oral + OCDE 479 Morimoto
mg / kg bw o and
Bone marrow >50 mg /kg No deviation Koizumi
bw/d
1983
Mutations
B6C3F1 mice 0; 50; 166; 500 6h/7 days Unspecified Inhalation - No guideline Butterwo
) mg / kg bw Sacrifice at etal,
Mutation 24 after 1998
. treatment
Liver
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DNA damage — DNA binding

Sprague DNA binding 47.2 mg / kg Single dose Corn oil Oral +/- No Guideline Pereirat
Dawley ) ) bw /d al., 1982
rat Liver, kidney 47.2 mg /kg
bw/d
B6C3F1 micg DNA binding | 118 mg/ kg bwf  Single dose Corn oil Oral - No Guideline Pexeir
) ) /d al., 1982
Liver, kidney
B6C3F1 micg DNA binding | 240 mg / kg bwf  Single dose Unspecified Oral +/- No Guideline Reitet al,
) ) /d 1982
Liver, kidney 240 mg / kg
bw/d
B6C3F1 micg DNA repair | 240 mg/ kg bw  Single dose Unspecified Oral - No Guideline itRet al,
/d 1982
Liver, kidney
F344 rats DNA strand | 88.5; 177 mg 7 days Vegetable olil Gavage - No guideline Pettel,
break /kg bw /d 1996
Kidney
Male F344 UDS DNA 0; 40; 400 mg Single dose Corn oil Gavage - OCDE 486 | Mirsaliset
rats repair kg bw /d o al., 1982
No deviation
Liver
Male A/J DNA binding Up to toxic Single or once Olive oll i.p - No guideline Diaz-Gome
mice ) dose daily for 4 and
Liver days or [+ for nuclear Castro,
twice a week proteins] 1980
for 2 weeks
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5.7.4 Human data

No human data

5.7.5 Other relevant information

No other relevant information

5.7.6 Summary and discussion of mutagenicity

Please note that points A to G below present ttop@sal from the dossier submitter. The RAC
assessment is presented in the RAC assessmentrasidsions section.

A. Data review at international level

Data on the mutagenicity of chloroform have regeftben reviewed and evaluated by several groups:
IARC, US EPA, ILSI and WHO. Most of the reviews ctuded that chloroform is not a strong mutagen but
a weak genotoxic effect was not excluded:

The International Life Sciences Institute (ILSI,9%9 performed a review of the available data on
the mutagenicity of chloroform. ILSI committee camed that no subset of observations points
unequivocally to a specific genotoxic mode of att@ssociated with chloroform, and that the
preponderance of the evidence indicates that dalorois not strongly mutagenic. The conclusion
of IARC study on carcinogenic chemicals (1999)hiattno data were available on the genetic and
related effects of chloroform in humans. There e&akvevidence for the genotoxicity of chloroform
in experimental systemi vivo and in mammalian cells, fungi and yeastvitro. It was not
mutagenic to bacteria.

US EPA (2001) concluded that the weight of evidenudicates that even though a role for
mutagenicity cannot be excluded with certaintypobilorm is not a strong mutagen and that neither
chloroform nor its metabolites readily bind to DNA.

CICAD (2004) based on Environment Canada (2001jcgodocument, concluded that most studies
did not identify genotoxic potential for chlorofornResults from a few, non-standard studies
indicate the possibility of a weak positive respoirsrats. Overall, however, the weight of evidence
indicates that chloroform does not have signifiggmotoxic potential.

B. Summary of Data

In vitro, positive results appear sporadically and arewubered by negative results in other tests
in the same system.

In vivo, studies conducted to evalu&@BlA binding suggest that chloroform or its metabolites doashimal
strongly to DNA (Pereiret al, 1982; Reitzt al, 1982; Butterwortlet al, 1998; Mirsalist al., 1982; Diaz-
Gomez and Castro, 1980; Rosentbahbl, 1987). However, it binds covalently to nucleaotpins (Diaz-
Gomez and Castro, 19800 DNA strand breaks were observed in kidneys @f4R&ts treated with
88.5 or 177 mg / kg bw during 7 days (Poteal, 1996).

Chloroform is able to inducenicronucleus formation or chromosomal aberrationswhen the
compound was orally administered in studies of gquodlity in rats and mice (Robbiams al,

48



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON GQtOROFORM

1998; Morimoto and Koizumi, 1983; Fujet al, 1991) and minimally in hamster (Hoeclestal,
1988). Results in rats were not reproduced in &4 @eglducted study (Whitwell, 2009). By i.p route,
chromosomal aberrations were induced in rats (fatja., 1990). In mice, no effect was induced in
studies at low dose (Tsuchimoto and Matter, 1981yith single administration (Shelby and Witt,
1995 ; Gocke et al., 1981) but a positive effect waen after repeated administration of high doses
in Shelby and Witt (1995). The increase for micrdeus formation was about 3.3 fold and 50 % of
positive control in Robbianet al, (1998) and about 1.75 fold in Shelby and Wi({t995), no
information is available on positive control. Timerease of micronucleus formation after treatment
with chloroform was between 1.75 and 3.32 fold wbempare to negative control.

The chromosomal aberration formation was increadeait 6 and 8.5 fold in Fujiet al, 1990 by
oral and intraperitoneal route, respectively.

C. Metabolism of chloroform

Chloroform can undergo bottxidative andreductive metabolismin the human liver (Figure 3),
depending on oxygen and substrate concentratioa.ré@tuired step for CHgInduced toxicity is
the cytochrome P450(P450)-mediated bioactivation to reactive metdbsliExtensiven vitro and

in vivo studies on rodents have demonstrated that chlonofoay be metabolized oxidatively to
trichloromethanol, which spontaneously decomposdbké electrophilipphosgeng(COCL). COCb

is highly reactive and binds covalently to cell gmnents containing nucleophilic groups, including
proteins, phospholipid’s polar heads, and reduathgtione (Gemmat al, 2003).

At low levels, reflecting human exposure througle thse of chlorinated waters, CHGk
metabolized primarily to phosgene by CYP2E1. WHen€YP2E1-mediated reaction is saturated
CYP2A6 can also produce phosgene, efficiently ewmehighly hypoxic conditions (1% p{
Phosgene is theajor toxicologically relevant metabolite produced by the human liver (Genaha
al., 2003; Goldert al, 1997).

At high concentrations, chloroform is believed twrease the half-life of phosgene with the
electrophilic chlorine atoms of chloroform. Thelslisation could prevent a direct reaction with
water and allow phosgene to reach more reactivgpooands (Pottet al, 1949) such as glutathione
and other critical cell components.

Moreover, the reductive metabolism of chlorofornoqurces -CHGIwhich is highly reactive and
then could lead to lipid peroxidation. The lipidrgeidation could also contribute to radical
peroxide formation.
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Figure 3: The two pathways of chloroform bioactivat
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D. Glutathione

Acute chloroform toxicity is associated with glit@ne depletion (Brown et al., 1974), and it has
been reported that glutathione levels decrease dose dependent manner prior to microscopic
evidence of liver pathology (Brown et al., 1974;dRe and Krishna, 1976).

Ammannet al, (1998) demonstrated that chloroform and phosgahéce a moderatglutathione
(GSH) depletion (Sciutoet al, 2004; Jaskoet al, 1991). GSH is produced by cells for its
antioxidant properties but this function could batusated. The decrease of GSH levels by
chloroform and / or phosgene will decrease protedevels of GSH. This could increamedative
stressand probably reactive oxygen species productitresé free radicals generation could bind
to DNA and contribute to genotoxicity at high opeated dose.

E. Role of vehicle

The results of some animal studies have suggelséedhe vehicle used to administrate chloroform
may affect the toxicity (US EPA 2001). Indeed, laaret al, (1994a and b) indicated that dose-
related increases in renal damage were observedlia rat F344 administered with chloroform in
corn oil and not with chloroform in drinking watetHowever, the range of exposure in drinking
water (0-90 mg / kg bw/ day) was lower than theasxpe in corn oil (0-180 mg / kg bw / day).
However, from the results presented in this reghis, hypothesis was not confirmed. Indeed, Fujie
et al, (1990) observed chromosomal aberration whenrafdom was administered in distilled
water whereas, Pereigt al, (1982), Potteet al, (1996), Gockeet al, 1981 and Mirsaligt al,
(1982) presented negative results while chlorofess administered in oil.
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F. Role of phosgene

ILSI (1997) noted thaphosgene is highly reactiveand might be expected to have the capacity to
interact directly with DNA, but that phosgene has Ibeen tested in any standard mutagenicity test
system. The committee also noted that, becausésdiigh reactivity, phosgene formed in the
cytosol following chloroform metabolism would likelreact with cellular components prior to
reaching the cell nucleus, and concluded that tetfects on DNA would be unlikely. However, it

is contradictory with a recent finding of Fabrétial, (2003) which demonstrated that phosgene is
able to reach cell nucleus, since phosgene can weticthe N-terminus of humahistone H2B
especially with proline and serine residues. Histdéi2B is one of the 5 main histone proteins
involved in the structure of chromatin in eukargatells. H2B bear a main globular domain and a
long N terminal tail and is involved with the sttue of the nucleosomes of the 'beads on a string'
structure. Histone plays a role in chromatine faiglistabilization of DNA and double DNA strand
breaks repair. Moreover, Diaz-Gometzal,, (1980) demonstrated that chloroform or its meliéds

is able to bind to nuclear protein such as histone.
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G. Mechanistic hypothesis

The data presented herein indicate that chlorofdoes probably not bind to DNA itself. Previous
studies (Brownet al, 1974; Gopinath and Ford, 1975; Constantl, 1999; Pohl and Krishna,
1978) and results presented in this report sugperconclusion that metabolism of chloroform is
required for toxicity CYP P450 (1).

Data indicates that chloroform and phosgene inglatthione (GSH) depletion(2) which could
contribute tooxidative stress(3). Moreover, it was shown by Fabrigi al, (2003) that phosgene
could react wittHistone H2B (4) which could lead to disturbance of DNA repair lthea indirect
genotoxic mechanisms. These results are summarizédure 4.

Figure 4: Hypothesis for micronucleus formation ahdomosomal aberration after exposure to chlorofor
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RAC assessment and conclusion on germ cell mutageity

RAC has performed a detailed evaluation of itheivo studies in the dossier which reduced the
number of studies to be considered as relevantralable for the evaluation of thm vivo
mutagenicity of chloroform (see the information yded above for detailed evaluation) to the
ones:

* Fujieet al1990, study on induction of chromosome aberration®ng-Evans Rats

* Hoechstet al. 1988, study on induction of chromosome aberratior@dhinese hamster
» Shelby and Witt 1995, study on induction of chroorag aberrations in B6C3F1 mice
* Shelby and Witt 1995, study on induction of microleuin B6C3F1 mice

*  Whitwell 2009, study on induction of micronuclei$prague Dawley Rats.

The following studies were subject to the weighewidence assessment summarized in the table 30
below.

Table 30: Summary of high quality and most reliablekey in vivo studies chosen for weight of
evidence assessment

Reference| Study Route of | Doses | Animal Cyto- Results Comments
exposure species .
and strain | toXicity
Fujie  et| Induction |i.p. 0,1.2, |Long- Not Dose-related Effects in other,
al.1990 of 11.9 Evans Rats measured | effect within | studies were
chromoso and the range induced by
me aberra: 1194 concentration
tions mg/kg 0-11.9 of a few
bw mg/kg bw | magnitudes
(Experiment higher. High
) and within | yoses in a
the range 0O- number of
119.4 mg/kg negative
bw studies gave no
(Experiment| o¢act. The
1) conditions of
the experiment
do not allow
determination
of clear time
and dose
related

relationships.
Could be some
effect of
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cytotoxicity.

L

Hoechstet | Induction | Oral 0,40, | Chinese | Not Occurrence | The presence
al. 1988 of 120 and| hamster of heavily of heavily
chromoso 400 reported | jamaged | damaged cells
me aberra: mg/kg cells without| was not
tions bw determina- | replicated in
tion of dose-| other tests. Thé
related conditions of
relation- the experiment
ships; weak | do not allow
effect within | determination
the range 0O- | of clear time
400 mg/kg | and dose
bw related
(Experiment | relationships.
1))
Shelby and Induction | i.p. 0, 200, | B6C3F1 | Not No effect in | In one positive
Witt 1995 | of 400, mice measured | two experiment
chromoso 800, experiments | within the
me aberra: 1000 of three range 0-400
tions mg/kg mg/kg bw
bw untypically
low value of
the untreated
control group
Shelby and Induction | i.p. 0, 200, | B6C3F1 | Not Effectin all | Confirmed in
Witt 1995 | of 400 and| mice concentra- | two
micronu- 800 reported | {ion ranges | experiments
clei mg/kg tested with | but the effect
bw dose-related| very weak and
relationships| could be the
however response to
very weak | cytotoxicity.
response
Whitwell | Induction | Oral 0, 120, | Sprague | Measured | No effect One
2009 of 240 and| Dawley and experiment
micronu- 480 Rats demonstrat performed
clei mg/kg ed at >480
bw mg/kg bw
level

RAC acknowledges that results from studresitro are generally negative but data\owo studies

are not coherent. There are differences in responddéferent studies regarding both doses applied
and the effects measured, e.g. the low doses dpipli€ujie et al1990 study caused an adverse
effect with respect to chromosome aberration, h@wveffects in other studies were induced by
concentration of a few magnitudes higher as wellhiah doses in a number of negative or
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seemingly positive studies gave no effect. For gdamShelby and Witt 1995 study showed an
increase in chromosome aberration at 400 mg/kgesdration but not at 800 mg/kg dose level.
Besides, a marked variation in concurrent contr@ues was reflected. Also, the presence of
heavily damaged cells in Hoechedtal. 1988 study was not replicated in other tests aedefore
dose-effect relationship was not demonstrated ihggrg@asons for that unknown.

The lack of information on cytotoxicity does notoal a proper interpretation of the results in a
number of seemingly positive studies. Althoughdbsee-response relation was measured in Fuije at
al (1990) study it cannot be excluded that cytatibxiwas the cause of the effects and that this
response to cytotoxicity was also dose-responsgert| The lack of data on cytotoxicity in Shelby
and Witt study (1995) leaves doubts about the nredspositive response with respect to induction
of micronuclei which could be the response to aytmity. On the other hand, the well conducted
negative Whitwell 2009 study clearly demonstrates signs of cytotoxicity at 480 mg/kg dose
level, namely, the highest concentration employed.

The availablein vitro andin vivo data do not provide any clear pattern of strainspecies
differences in order to justify the role of genetariations for explanation of negative or positive
results leading RAC to conclude that seeminglytpasstudies are with a doubtful validity.

DNA binding studies in relation to chloroform irvdir and kidney of mice and rats at doses up to
240 mg/kg (Diaz Gomez and Castro, 1980; Reitz et18i82; Pereira et al., 1982) gave no clear
positive results strengthening the belief that abflrm cannot be a germ cell mutagen.

Based on generally negative resultyitno studies, negative DNA binding experiments as asl|
controversial results from key vivo studies regarding chromosome aberration and micten
RAC concludes that body of evidence does not supiher classification of chloroform as a
mutagen according to CLP and DSD criteria.

5.8 Carcinogenicity

5.8.1 Carcinogenicity: oral

Effects of combined inhalation and oral exposurestloroform on carcinogenicity and chronic
toxicity in male F344 rats were examined by Nagahal. (2006). A group of 50 male rats was
exposed by inhalation to 0 (clean air), 25, 501@® ppm (v/v) of chloroform vapor-containing air
for 6 h/d and 5 d/wk during a 104 w period, andheadhalation group was given chloroform-
formulated drinking water (1000 ppm w/w) or vehidater for 104 wk, ad libitum. Renal-cell
adenomas and carcinomas and atypical renal-tubyderplasias were increased in the combined
inhalation and oral exposure groups, but not indhe- or inhalation-alone groups. The results
from this study revealed that renal tumors foundhim combined-exposure groups were greater in
size (16-17 mm in average size, with a maximum@®6@ mm) and incidence than those reported
previously in gavage-only or drinking water-onlynaidistration studies. It was concluded that
combined inhalation and oral exposures markedlyaeoéd carcinogenicity and chronic toxicity in
the proximal tubule of male rat kidneys, suggestihgt carcinogenic and toxic effects of the
combined exposures on the kidneys were greater tttemnes that would be expected under an
assumption that the two effects of single routeosupes through inhalation and drinking were
additive.
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Table 31: Dose-Response Relationships for the In@dces of Renal Tumors Induced by
Chloroform Exposures in the Male Rat Study (Naganet al., 2006).

Drinking-water exposure| Estimated amount of
1000 ppm (Estimated Inhalation exposure chloroform uptake Renal tumor incidencea
uptake) (mg/kg/d)
0 0 0/50
25 ppm 20 0/50
50 ppm 39 0/50
45 mg/kg/d 45 0/49
53 mg/kg/d 25 ppm 73 4/50 (8%)
100 ppm 78 1/50 (2%)
54 mg/kg/d 50 ppm 93 4/50 (8%)
57 mg/kg/d 100 ppm 135 18/50 (36%)*

Note Data in the combined-exposure groups are indicatéalics.

% Incidence of renal-cell adenoma and carcinoma.

* significantly different from the untreated corltgroup, the oral-alone group, and each inhalasiteme group with
matching concentrations, respectivelypaf.05 by Fisher’s exact test.
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Table 32: Summary of oral carcinogenicity

Animal Number of Doses, vehicle, duration Result Reference
species & animals
strain
Rat, 50/sex/dose 90 or 180 mg/kg bwigl)( significant increase (24%) in the | NCI, 1976
Osborne- incidence of kidney epithelial
Mendel 100 or 200 mg/kg bw/dH) tumors in males at 180 mg/kg:
. . Control, 0/99;
gavage in corn oil, 78 weeks matched controls, 0/19:
90mg, 4/50, 8%;
180mg 12/50, 24%
Rat, 50-330 200, 400, 900, 1800 mg/I Significant increase of kidney Jorgenson
Osborne- S tumors (tubular cell adenomas andet al., 1985
Mendel chloroform in drinking water | adenocarcinomas) in males at
104 weeks highest dose:
. control, 5/301, 1.7%;
Estimated uptake: 19, 38, 81, matched controls, 1/50, 2%:
or 160 mg/kg/day 19mg, 6/313, 1.9%;
38mg, 7/148, 4.7%j;
81mg, 3/48, 6.3%;
160mg, 7/50, 14%
Rat, F344 50 Male/dose 25, 50, or 100 ppm in air | Significant increase of renal-cell | Nagano et
) adenomas and carcinomas and | al., 2006
1000 ppm in water atypical renal-tubule hyperplasias
Combined exposure inhalationzgor:,gglesot/ggtse'
and drinking water, 6 h/d and 20mg (’)/50. '
5 d/wk during a 104 wk 39 mg, 0/50;
Estimated uptake: 20, 39, 45] 45 Mg, 0/49; o
73, 78, 93, 135 mg/kg/d 73 mg, 4/50, 8%;
78 mg, 1/50, 2%;
93 mg, 4/50, 8%;
135 mg, 18/50, 36%
Mouse, 50/sex/dose 138 or 277 mg/kg bw) ( Significant increased incidence of NCI, 1976
B6C3F1 hepatocellular carcinomas in males
238 or 477 mg/kg bw/d) and females at low and high doses:
. . (&) control, 5/77, 6.5%;
gavage in com oil, 78 weeks matched controls, 1/18, 5.6%;
138mg, 18/50, 36%;
277mg, 44/45, 97.8%
(?) control, 1/80, 1.3%;
matched controls, 0/20;
238mg, 36/45, 80%;
477mg, 39/41, 95.1%
Mouse, ICI ftstudy 35-72| 17, 60 mg/kg bw Increased kidney adenomas and | Roe et al.,
g ) carcinomas in males at 60 mg/kg| 1979
2" study 48- | Gavage in toothpaste or bw (LOAEL)
237 arachis oil, 6d/week for 80

3 study 47-83

weeks
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5.8.2 Carcinogenicity: inhalation

Yamamoto et al. (2002) conducted a study on chienefcarcinogenicity in BDF1 mice and F344
rats (50 animals/sex/dose). Inhalation exposureaumations to chloroform were 5, 30 or 90 ppm
for mice and 10, 30 or 90 ppm for rats, 6h/day,ysti@eek, for 104 weeks. Due to the acute
lethality of the 30 and 90 ppm doses in mice, aapation period with lower doses was performed.
Mice in the 30 and 90 ppm groups were first expdses ppm for two weeks then 10 ppm for two
weeks (then 30 ppm for two weeks in the 90 ppm gjrdnefore the 30 and 90 ppm concentrations
were maintained. Statistically significant increage the incidence of overall renal cell adenomas
and carcinomas were observed in the male mice expms30 and 90 ppm (control, 0/50; 5 ppm,
1/50; 30 ppm, 7/50 90 ppm, 12/48). The incidendesraf renal cell carcinoma were statistically
increased in male mice in the 90 ppm group whenpeawed with controls (control, 0/50; 90 ppm,
11/48). There were no statistically significantepes in tumor incidence for female mice or for rats
of either sex in any exposure group. Nasal lesioclsiding thickening of the bone and atrophy and
respiratory metaplasia of the olfactory epitheliw@re observed for rats of both sexes and female
mice exposed to 5 ppm and above. The NOAEL= 5 ppmttie kidney adenoma/carcinoma
endpoint in mice, for nasal lesions a LOAEL= 5 pwas determined.

Table 33: Summary of inhalation carcinogenicity

Animal Number of Doses, vehicle, Result Reference
species & animals duration

strain

Mouse, 50/sex/dose 5, 30 or 90 ppm | Significant increased incidence of overall | Yamamoto
BDF1 renal cell adenomas + carcinomas in male | et al., 2002

inhalation 6h/day, | mice at 30 and 90 ppm (control, 0/50; 5 ppn

Sdays/week, for | 1/50; 30 ppm, 7/50; 90 ppm, 12/48)
104 weeks

=

Significant increased incidence of renal cell
carcinoma in male mice at 90 ppm (control,
0/50; 5 ppm, 1/50; 30 ppm, 4/50; 90 ppm,
11/48)

Rat, 50/sex/dose 10, 30 or 90 ppm| No statistically significant changes in tumor| Yamamoto
F344 incidence for female mice or for rats of eitheret al., 2002

inhalation 6h/day, | sex in any exposure group
5days/week, for

104 weeks

5.8.3 Carcinogenicity: dermal

No data

5.8.4 Carcinogenicity: human data

There have been no studies of toxicity or cancerdance in humans chronically exposed to
chloroform (alone) via drinking water. Chlorinatddnking water typically contains chloroform,
along with other trihalomethanes and a wide varadtgther disinfection by-products. It should be
noted that humans exposed to chloroform in drinkirger are likely to be exposed both by direct
ingestion and by inhalation of chloroform gas retghfrom water into indoor air.

Although some studies have found increased riskbladder cancer associated with long-term
ingestion of chlorinated drinking-water and cumiiatexposure to trihalomethanes, results were
inconsistent between men and women and betweenesmiakd non-smokers. Moreover, relevant
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studies contain little information on specific egpee, and it is not possible to attribute any exces
risk specifically to chloroform. Specific risks maye due to other disinfection by-products,
mixtures of by-products, other water contaminaotpther factors for which chlorinated drinking-

water or trihalomethanes may serve as a surroGa@AD, 2004; IARC, 1999).

To conclude, the current human data are insuffictenestablish a causal relationship between
exposure to chloroform in drinking water and insexhrisk of cancer.
5.8.5 Other relevant information

No other relevant information

5.8.6 Summary and discussion of carcinogenicity

Studies in animals reveal that chloroform can caasencreased incidence of kidney tumors in

male rats or mice and an increased incidence ef tlimors in mice of either sex. These induced
tumors responses are postulated to be secondaugtained or repeated cytotoxicity and secondary
regenerative hyperplasia, according to the doseldevested. The weight of evidence in

genotoxicity studies is consistent with the hypstbehat the liver and kidney tumors induced

depend on persistent cytotoxic and regenerative preliferation responses. The persistent cell

proliferation presumably would lead to higher prokiies of spontaneous cell mutation and

subsequent cancer (US EPA, 2001).

Conclusion

The proposed classification for carcinogenicity ofchloroform is Category 3 with the risk
phrases R40 limited evidence of carcinogenic effect

Classification Category 3; R40 (CLP Carc Cat 2 —543 for carcinogenicity was agreed at TC
C&L in September 2007.

5.9 Toxicity for reproduction

5.9.1 Effects on fertility

Table 34: Summary of effects on fertility

Animal Number of Doses, vehicle, Result Reference
species & animals duration
strain

Mouse, CD1| 20 mated/sex/ 6.6, 15.9, 41.2 Reduced body weight at the delivery of the | Chapin et
dose mg/kg-day 4th litter and on post natal day 14 of the 5th| al., 1997

] | litter at 41.2 mg/kg
gavage in corn oil,

31 weeks males, absolute and relative weights of the
right epididymis were increased at 41.2 mg/kg
(p<0.05)
Mouse, 5/dose 0.04%, 0.08 % Significant increased frequency of abnormal Land et al.,
C57B1/C3H chloroform (400, | sperm morphology at 0.04 (p<0.05) and 1979, 1981
800 ppm) 0.08% (p<0.01)
Inhalation, 4 Control, 1.42%; 0.04, 1.88%; 0.08, 2.76%

hr/day, 5 days
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Conclusion

No classification is required for effects on fertiky.

5.9.2 Developmental toxicity

Timed mated Sprague-Dawley rats were exposed ftarafokm by inhalation, 7 hr/day on each
gestation days 6 through 15, at concentration $eg£B0, 100 or 300 ppm; a starved control group
was also added to the experiment due to the maketexia observed (Schwegr al, 1974). No
dams died during the study but statistically sigaiit decreases of percent pregnant, maternal
weight gain and food consumption were observed Ta&ée 35).

Table 35: Main maternal parameters following exposte to chloroform by inhalation

Parameters air control air starved 30 ppm 100 ppm 30 ppm
% pregnant 88 100 71 82 15*
body weight (g)
+SD
GD6|275+21 274 £ 13 266 + 14 274 £ 17 284 +9
GD 13|310 + 17 223 £ 13* 280 + 14* 274 +18* 192 + 9*
GD 21|389 +28 326 + 24* 381 + 23* 365 + 22* 241 + 20*
feed (g/day)
GD6-7|/19+3 starved 5+ 3* 13 £ 4* 1+1*
GD 12-13|22 +2 starved 20+1 15 £ 2* 1+1*
GD 18-19/26 +3 24 + 8* 29+5 33+3* not done

* statistically different from controls at p<0.05

Changes in serum glutamic-pyruvic transaminase {[S®FRre measured as a means of evaluating
liver function and to assess the degree of livedcity in rats. No statistically difference was
observed between controls and rats exposed to PO qf chloroform. In addition, livers for
pregnant and nonpregnant rats, evaluated 6 dags Hfe cessation of the treatment, were
considered to have a normal appearance. Relatige Weights were affected only in the 300 ppm
group of nonpregnant rats, showing a significactaase in comparison to the controls (p<0.05).
Considering pregnant rats, relative liver weightsavincreased over control values at 100 and 300
ppm of chloroform, and in starved control (p<0.05).
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In the 300 ppm group, only three dams of 20 were fmd to be pregnant; for these litters, as
compared to controls, litter size was reduced, resgtion frequency and percentage of litters

with resorption were increased (p<0.05) (see Tab&b).

Table 36: Main foetal parameters following exposure&o chloroform by inhalation

Parameters air control air starved 30 ppm 100 ppm @0 ppm
litters 68 8 22 23 3
foetus/litter 10+4 10+4 12+2 11+2 4+7*
resorptions 8 % 7% 8 % 6 % 61 %*
litters with 57 % 25 % 68 % 52 % 100 %
resorptions
sex ratio M:F 53:47 45:55 53:47 55:45 34:66*
mean foetal 5.69 + 0.36 5.19+0.29* | 551+0.2 5.59 + 0.24 23+40.02*
weight/litter (g)

CRL (mm) 435+x1.1 421 +1.1* 42.5 + 0.6* 43.0F 36.9 £ 0.2*
skeletal anomalies | ¢q 38 % 90 %+ 74 % 100 %
(% litters)

soft tissue

anomalies (% 48 % 38 % 45 % 65 % 100 %
litters)

* statistically different from controls at p<0.05

At a concentration of 100 ppm, three out of 28ig showed gross malformations, 3/23 had
foetuses with acaudia or short tail and 3/23 hagtulges with imperforate anus: as the control
malformation rate was 1/68, the increase was sagmft over the control. Otherwise, it is not stated
how many foetuses were affected among the litter$ the same foetuses were affected by the
anomalies. At 30 ppm, skeletal malformations wamaased with delayed ossification of the skull
(16/22), wavy ribs (4/22) and split sternebrae Z2/2

Thompsoret al. (1974) exposed rabbits (15/group) to 0, 20, 35@mg/kg-day of chloroform, in
corn oil by gavage, daily on gestation days 6-18/e8 dams died during the study and deaths in
the high dose group were attributed to hepatotyxi@ody weight gain decreased in dams of the
top dose group. Complete abortions were seen igrallps (3 in the control group, 2 at 20 mg/kg-
day, 1 at 35 mg/kg-day and 4 at 50 mg/kg-day). Meatal weights were significantly lower than
controls for the 20 and 50 mg/kg-day groups. Nccesial malformation was observed; only
incomplete ossification of skull bones was obseiivneall groups with foetal incidence significant at
20 and 35 mg/kg-day (p<0.05).
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Table 37 Summary for developmental toxicity

Reference

Protocol

Doses

Maternal effects

Developaheffects

Sprague-Dawley rats

30 ppm

100 ppm

Reduced feed consumption
100 & 300 ppm; only on

gd 6-7 for 30 ppm

Reduced bw on gd 13 at 30
100, & 300 ppm; on gd 21

30 ppm Increased skeleta
anomalies

100 ppm Increased gross
anomalies

Schwetzet | Inhalation 300
al., 1974 |0, 30, 100, 300 ppm at 300 ppm
Z hridav. ad 6.15 | 200 PPM Absolute liver weight 300 ppm Reduced
y, g . pregnancy rate, decrease
increased 300 ppm X o
T i litter size, increased
Relative liver weight resorptions, altered sex
decreased 100 & 300 ppm | ratio and decreased foeta
weight and CRL
Wistar rats All Reduced food consumption| Increased in completely
Baeder & . concentrationsreduced body weight resorbed litters, decrease
Inhalation
Hoffman, |, 30, 100, 300 CRE
1988 P OE S bpm Decreased foetal weight
7 hr/day, gd 7-16 (300 ppm only)
Wistar rats 3 ppm Reduced food consumption :/r;:rirzggﬁg ossification
Ei?fﬂfa:n& Inhalation 10 Reduced bod igh
90y ' 10,3, 10, 30 ppm ppm educed body weight _
7 hr/day. ad 7-16 30 ppm Decreased foetal weight
Y. 9 and CRL
Sprague-Dawley ratg 50 mg/kg-day| Decreased foqd cons_umption,
decreased weight gain
Gavage . .
Thompson 126 mg/kg- Increased implantations,
etal, 1974 g 20, 50, 126 mg/kgr gay decreased foetal weight
ay
gd 6-15
All doses Decreased body weight,
Sprague-Dawley rats increased liver weight,
Ruddicket Intubation decreased hematocrit,
uddi i
A 1983 | 0, 100, 200, 400 Esurr;ocgcl)atr)&n and red blood
mg/kg-day 400 mg/kg/d _ i Decreased foetal weight,
gd 6-15 Increased kidney weight increased of sternebrae
aberrations and runting
Decreased weight gain, gd 1Decreased pregnancy rat
7 or 8-15 gd 1-7 or 6-15
_ Increased relative liver Increased resorptions, gd
CF-1 mice weight, gd 6-15 or 8-15 1-7
Murray et Inhalation Decreased foetal weight
al., 1979 0, 100 ppm and CRL, gd 1-7 or 8-15
7 hr/day, gd 6-15, 1-7 Increased cleft palate, gd
or 8-15 8-15
Increased delayed
ossification of sternebrae,
gd 1-7 or 8-15
Thompson| Rabbits All doses Complete abortions
etal, 1974 | Gavage 20 mg/kg-day Decreased foetal weight
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Reference Protocol Doses Maternal effects Developaheffects
0, 20, 35, 50 mg/kg/d 50 mg/kg-day| Death, decreased body
gd 6-18 weight gains

5.9.3 Human data
Fertility

One case study of occupational exposure to chloroind its effect on male reproductive toxicity
was available (Chanet al, 2001). A 34-year-old male laboratory worker wapased to solvents
at work for 1 year, due to the shutdown of the Natmbn system. Before the exposure, his complete
fertility test (semen appearance, volume and speoomt) showed no abnormality; after the
exposure, asthenospermia was diagnosed. An inaéistigivas hence performed to determine the
worker’s possible exposure level to chemical hazaitte worker was exposed to chloroform levels
approximately 10 times higher than the permissasigosure limit of 50 ppm (OSHA, 1997) and 50
times higher than the threshold limit value of Jonp(ACGIH, 2001), during 8 months. The worker
was also exposed to other chemicals like isooctme tetrahydrofuran but no study of male
reproductive effects in association with exposarésboctane was identified and no adverse effect
of tetrahydrofuran on male fertility was reportadstudies.

Table 38 Semen analysis after 1 year exposure (Cl@et al.,2001)

Parameters July 1997 August 1997 October 1997
Volume (ml) 4 5.5 3
Count (million/ml) 68.6 73.8 90.6
Motility 30 min after
ejaculation:
rapid 17 % 10 % 32%
medium 6 % 1% 6 %
slow 3% 0% 2%
static 74 % 89 % 30 %
Path velocity (m/sec) 35 40 50

Developmental toxicity

Only one study studied exposure to chloroform imotatory or non laboratory department for 1
year, in association with pregnancy outcomes (Wermét al, 2000). A cohort of Swedish women
(n=697, births=1417), born in 1945 or later, waslgtd. No effect was reported between laboratory
work and reported spontaneous abortion, small gestage or variations in birth weight. However,
limitations are various: lack of exposure measur@s)epossible exposure to other solvents, long
time between pregnancies and administration ofjtlestionnaire.

As chloroform is a water disinfection byproduct,mpatudies have examined the relation between
trihalomethanes (THMSs), including chloroform, inrtking water and pregnancy outcomes.
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A population-based case-control study was conduatéalwa, between 1987 and 1990, to evaluate
the relation between exposures to chloroform viakilng water and low birth weight (case=159,
controls=795), prematurity (case=342, controls=}7Xhd intrauterine growth retardation
(case=187, controls=935) (Krametral, 1992). The results showed that exposure to cfdoroat
concentratiorr 10 pg/l was associated with an increase risk toduterine growth retardation (odd
ratio = 1.8, 95% ClI, 1.1 — 2.9).

King et al. (2000) conducted a retrospective cohort studydterthine the association between
exposure to specific disinfectant by-products, udodg chloroform, and the risk of stillbirth, in
Nova Scotia between 1988 and 1995 (perinatal ds¢aba 49842). Exposure of chloroforml00
pg/l leads to a relative risk for stillbirth abdub6; the risk estimate was higher for asphyxiates
deaths and increased with increasing levels ofrofdom exposure. However, the lack of individual
data on chloroform exposure could be a limitatibthes study.

Dodds and King (2001) conducted a retrospectiveotobktudy to determine the association
between exposure to chloroform and birth defeatsNova Scotia between 1988 and 1995
(perinatal database n= 49842). An increased risthodmosomal abnormalities was observed with
exposure to chloroform at levels 75-99 ug/l (rekatrisk = 1.9) and at levels 100 pg/l (relative
risk = 1.4). An increased risk of cleft defects waported too for exposure to chloroforml100
png/l (relative risk = 1.5).

Doddset al. (2004) conducted a case-control study to iderkieyassociation between exposure to
THMs, including chloroform, in public water sup@iend the risk of stillbirth. This study was
performed in Nova Scotia and Eastern Ontario, betwi999 and 2001 (cases=112, controls=398).
The results showed that the odds ratios for stiilbiwere increased at the 1-49 ug/l level (OR=1.8,
95% CI, 1.1 — 3.0) and at theB80 pg/l level (OR=2.2, 95% CI, 1.0 — 4.8). Themswo evidence of

a monotonic increase.

Wright et al. (2004) conducted a retrospective cohort studyeterthine the effect of maternal third
trimester exposure to chloroform on birth weigh¢stational age, small for gestation age and
preterm delivery. This study was based on birthifezate data from 1995-1998 (n=196000) in
Massachusetts. Reductions in mean birth weight wiaserved for chloroform concentrations > 20
pa/l. In addition, exposure to chloroform was assed too with an increase in mean gestational
duration and a decreased risk for preterm delivery.

5.9.4 Other relevant information

No other relevant information

5.9.5 Summary and discussion of reproductive toxicity

Regarding fertility, only one author reported irased mice abnormal sperm following exposure to
an air concentration of 0.04 or 0.08 % chlorofornar(d et al, 1979-1981). Otherwise, animal
findings were epididymal lesions or increased rigpipidymis weight. As well, one occupational
study reported asthenospermia in association twraform exposure. No other adverse
reproductive effect has been evidenced in the 98 giudies.

Conclusion

Based on the data available for fertility, effectsare not sufficiently severe to justify a
classification.
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Concerning developmental toxicity, epidemiologicaldies of chloroform in drinking water
suggest an association between exposure to chiarofnd reduced foetal weight, stillbirth,
chromosomal abnormalities and cleft defects. Otlsrywwe need to keep in mind that many
epidemiological studies present limitations like thise of water concentration as the measure of
exposure, co-exposure with other THM or DisinfeatiBy-Product, which can lead to exposure
misclassification.

By inhalation, the effects of chloroform on theigas animals tested include effects on pregnancy
rate, resorption rate, litter size and live fetugestal weight and CRL, as well as skeletal arasgr
abnormalities or variations. However, maternal ¢ayihas been evidenced with the developmental
effects reported in these studies.

Conclusion

Considering the effects evidenced in human and anih studies, chloroform should be
classified as Category 3 with the risk phrase R63qgssible risk of harm to the unborn child.

Classification Category 3; R63 for developmentaidiy (CLP Repr 2 — H361d) was agreed at TC
C&L in September 2007.

5.10 Other effects

5.11  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

No classification required

7 ENVIRONMENTAL HAZARD ASSESSMENT

This section is not covered in this dossier. Fothier information can be found in the transitional
dossier.

JUSTIFICATION THAT ACTION IS REQUIRED ON A
COMMUNITY-WIDE BASIS

Chloroform was on the"2 priority list of the Existing Substances Regulatind its classification
was reviewed in the context of the Risk Assessmpentedure as it is a requirement to harmonise
classification for all endpoints.

The need to revise the current harmonised claatidic on effects other than CMR was identified
including a revision of the specific concentratimits applied (i.e. Xn; R22 (>5%) and Xn;
R48/20/22 (>5%)).

Revision of the health classification of chlorofomas discussed and agreed by the TC C&L in
september 2007. However, no agreement could bé t@athe TC C&L on mutagenicity and the
classification for this endpoint is submitted toHAC

Environmental classification of chloroform was dissed and no classification was agreed by the
TC C&L in January 2007. Therefore, this endpointnist presented in this dossier. Further
information can be found in the transitional dossie
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OTHER INFORMATION

Revision of the health classification of chlorofomas discussed and agreed by the TC C&L in
September 2007 (see Appendix A):

The TC C&L agreed on addition of classifications; R20, Xi; R36 and Repr. Cat. 3; R63 based
on the FR proposal. They also agreed not to reaxssting classifications Xn; R22, Xi; R38 and

Carc. Cat. 3; R40 and not to classify chlorofornthwXi; R37 (initially proposed by France) as the

nasal effects reported were rather covered by X8/®. Further, the TC C&L agreed that R48/22
could be deleted as effects were only seen at thoges. They also agreed on classification with
Repr. Cat. 3; R63 based on the FR proposal. Thetiaeffects that are covered by Xn; R20 under
Directive 67/548 would trigger classification wi8TOT Single 3 under the CLP Regulation. The
follow-up of the discussion having taken place I {TTC C&L regarding R20 and R22 (see
appendix A) do not mention any discussion regardipgcific concentration limits. It is supposed
that the agreement on the corresponding classditatR22 and R48/20 imply agreement on the
withdrawal of these specific concentration limits

No agreement could be reach by the TC C&L on mutiagg and the classification for this
endpoint is submitted to ECHA.

For records, chloroform was a substance in the@idity list of Regulation 793/93/EEC. TCNES
I'08 did not succeed in taking a decision on a teion on the endpoint mutagenicity as for a
conclusion (ii) or (iii) there was not enough evide which could be supported by the majority of
the member states and for a conclusion (i) nopgestosal could be supported. Therefore the risk
assessment of chloroform was not finalized for #aglpoint under the ESR program and the
conclusion was left open with regard to mutageyicftchloroform.




REFERENCES

American Conference of Governmental Industrial yigts (ACGIH, 2001). Threshold Limit Values (TL\Qr
Chemical Substances and Physical Agents and Baabgixposure Indices. Cincinnati, Ohio.

Ammann P, Laethem CL, Kedderis GL. (1998). Chlorofénduced cytolethality in freshly isolated mal€®®3F1
mouse and F-344 rat hepatocytes. Toxicol Appl Phaah 149(2):217-25.

ATSDR. (1997).Toxicological profile for chloroformuS Agency for Toxic Substances and Disease Rggidtvision
of Toxicology. Atlanta, GA.

BGIA (2005), GESTIS International limit values 2005

Brown DM, Delp MD, Lindstedt SL, Rhomber LR, BebleRP. (1997). Physiological parameter values for
physiologically based pharmacokinetic models. Tolkibxdus. Health. 13: 407-484.

Brown BR Jr, Sipes IG, Sagalyn AM. (1974). Mechargsof acute hepatic toxicity: chloroform, halothaied
glutathione.Anesthesiology. 41(6):554-561.

Butterworth BE, Templin MV, Constan AA, Sprankle G8ong BA, Pluta LJ, Everitt JI, Recio L. (1998)rig-term
mutagenicity studies with chloroform and dimethgosamine in female lacl transgenic B6C3F1 micevifem Mol
Mutagen. 31(3):248-256.

Chang HY, Lin YM, Hsu PC, Guo YL (2001). Reductiohsperm motility in a male laboratory worker expdso
solvents: a case study. Environ Health Persped7)0%3-6.

Chapin R, Gulati D, Hope E, Mounce R, Russell Sprigecha KB (1997). Chloroform. Environ Health Pectpe
105(Supplement 1).

Chiaki, M. Yukiko, K. Koichi, K. (2002). Sensitizan test of chloroform. Comparison of Guinea PigxMgization
Test (GPMT) and Local Lymph Node Assay (LLNA). ArahiReport of Hatano Research Institute. Vol. 251 p21.
(Abstract)

Constant AA, Sprankle CS, Peters JM, Kedderis Glerit JI, Wong BA, Gonzalez FL, Butterworth BE.9@9).
Metabolism of chloroform by cytochrome P450 2Etedquired for induction of toxicity in the liver, diney, and nose
of male mice. Toxicol Appl Pharmacol. 160(2):120612

Corley RA, Gordon SM, Wallace LA. (2000). Physidlajly based pharmacokinetic modeling of the terapee-
dependent dermal absorption of chloroform by hunfalswing bath water exposures. Toxicol Sci. 53(113-23.

De Heer et al. (1999). Principles for Study Prots@adressing the Dermal Absorption of Pesticifganisation for
Applied Scientific Research (TNO), TNO Nutrition cafrood Research Institute, TNO Report V98.356, tZdike
Netherlands.

Delic JI, Lilly PD, MacDonald AJ, Loizou GD. (20Q0yhe utility of PBPK in the safety assessmenthdbmform and
carbon tetrachloride. Regulatory Toxicol. Pharma8ga(2): 144-155.

DEN (1999). Dermal exposure network: Issues refgtinthe risk assessment of dermal exposures; gubof the EU
dermal exposure network, compiled on behalf ofrtévork by J. Jackson (1999).

Diaz-Gomez MI and Castro JA. (1980). Covalent bigddf chloroform metabolites to nuclear proteifso- evidence
for binding to nucleic acids. Cancer Lett., 9, 211B.

Erdinger, (2004). Pathways of trihalomethane uptakeswimming pools. International Journal of Hygemand
Environmental Health, 207, 571-575.

Fabrizi L, Taylor GW, Canas B, Boobis AR, Edwardk R2003). Adduction of the chloroform metaboliteopgene to
lysine residues of human histone H2B. Chem Rescbbxi6(3):266-275.

Fry BJ, Taylor T, Hathway DE. (1972). Pulmonaryrehiation of chloroform and its metabolite in manci Intern.
Pharmacodynamics and Therapeutics. 196: 98-111.

Fujie K, Aoki T, Wada M. (1990). Acute and subacaytogenetic effects of the trihalomethanes orbate marrow
cells in vivo. Mutat Res. 242(2):111-119.

Gemma S, Vittozzi L, Testai E. (2003). Metabolisih ahloroform in the human liver and identificatiaf the
competent P450s. Drug Metab Dispos. 31(3):266-2Ml@ing J, Weidlich U, Lehmann E, Frohlich N (1989)

68



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON GQtOROFORM

Verfahren zur Berechnung von LuftkonzentrationeinAeisetzung von Stoffen aus flissigen Produktgehen, Teil 1
und 2, Staub — Reinhaltung der Luft, 49, 227-23%-299.

Gocke E, King MT, Eckhardt K, Wild D. (1981). Mutagjcity of cosmetics ingredients licensed by theodpaan
Communities. Mutat Res. 90(2):91-109.

Golden RJ, Holm SE, Robinson DE, Julkunen PH, R&%e(1997). Chloroform mode of action: implicat®ifor
cancer risk assessment. Regul Toxicol Pharmac(®)4el2-155.

Gopinath C, Ford JH. (1975). The role of microsomalroxylases in the modification of chloroform hé&poxicity in
rats. Br J Exp Pathol. 56(5):412-422.

Hard GC, Boorman GA, Wolf DC (2000). Re-evaluatiohthe 2-year chloroform drinking water carcinoggtyi
bioassay in Osborne-Mendel rats supports chromial ieibule injury as the mode of action underlyihg renal tumor
response. Toxicological Sciences, 53(2):237-244.

Health Council of the Netherlands. (2000) CommifteeCompounds toxic to reproduction. Chlorofornvakiation of
the effects on reproduction, recommendation foisgifcation. The Hague: Health Council of the Neldmeds;
publication no. 2000/070SH

Heywood R, Sortwell RJ, Noel PRB, Street AE, PantDE, Roe FJC, Wadsworth PF, Worden AN, Van AblBé N
(1979). Safety evaluation of toothpaste containgidoroform. Ill. Longterm study in beagle dogs. dwl of
Environmental Pathology and Toxicology, 2:835—-851.

Hoechst AG. (1988). Chromosome aberrations in Geinkamster bone marrow cells. Report No. 8804456; no
published.

HSE (1994). Chloroform, criteria document for aciggational exposure limit, 58 p.

IARC. (1999). Some Chemicals that Cause TumourthefKidney or Urinary Bladder in Rodents, and Sdbiker
Substances, International Agency For Research awceCavionographs on the Evaluation of Carcinogerigk&kto
Humans,Volume 73. WHO, pages 161-. ISBN 92 832 1273

International Life Sciences Institute (ILSI). (199An evaluation of EPA’s proposed guidelines farainogen risk
assessment using chloroform and dichloroacetateass studies: report of an expert panel. Washingd@ ILSI
Health and Environmental Sciences Institute. Novemnil997.

Jaskot RH, Grose EC, Richards JH, Doerfler DL. ()9€&ffects of inhaled phosgene on rat lung antiart systems.
Fundam Appl Toxicol. 17(4):666-674.

Kasai T, Nishizawa T, Arito H, Nagano K, YamamotoMatsushima T, Kawamoto T. (2002). Acute and suingic
inhalation toxicity of chloroform in rats and mickurnal of Occupational Health, 44:193-202.

Keegan TE, Simmons JE, Pegram RA (1998). NOAEL A@GWAEL determinations of acute hepatotoxicity for
chloroform and bromodichloromethane delivered inamueous vehicle to F344 rats. Journal of Toxicplegd
Environmental Health, 55(1):65—75.

Land PC, Owen EL, Linde HW (1981). Morphologic cbas in mouse spermatozoa after exposure to inbaddti
anaesthetics during early spermatogenesis. Anéskbgp, 54:53-56.

Larson JL, Wolf DC, Butterworth BE. (1994 a) Inddagytolethality and regenerative cell proliferatiarthe livers and
kidneys of male B6C3F1 mice given chloroform by age. Fundam Appl Toxicol. 23(4):537-43.

Larson JL, Wolf DC, Butterworth BE. (1994 b). Imaa cytotoxicity and cell proliferation in the
hepatocarcinogenicity of chloroform in female B6Q3fRice: comparison of administration by gavageamail vs ad
libitum in drinking water. Fundam Appl Toxicol. 2B{90-102.

Larson JL, Wolf DC, Butterworth BE. (1995a). Inddceegenerative cell proliferation in livers and héys of male
F344 rats given chloroform in corn oil by gavageddibitum in drinking water. Toxicology. 95(1-33-86.

Larson JL, Wolf DC, Mery S, Morgan KT, Butterwof®t (1995b). Toxicity and cell proliferation in tliger, kidneys
and nasal passages of female F344 rats, inducedhlmyoform administered by gavage. Food and Chdmica
Toxicology, 33(6):443-456.

Larson JL, Templin MV, Wolf DC, et al. (1996). A @y chloroform inhalation study in female and mBRC3F1
mice: Implications for cancer risk assessment. Bomé\ppl Toxicol 30:118-137.

69



Levesque B, Ayotte P, LeBlanc A, et al. (1994). laation of dermal and respiratory chloroform expgesun humans.
Environ Health Perspect 102( 12): 1082- 1087.

Leung HW and Paustenbach DJ. (1994). Techniquesdiimating the percutaneous absorption of chemidaé to
occupational and environmental exposure. Appl. @c&nviron. Hyg. 9, 187-197.

Mery S, Larson JL, Butterworth BE, et al. (1994adsl toxicity of chloroform in male F344 rats aeanBle B6C3F1
mice following a 1-week inhalation exposure. Toxidppl Pharmacol 125:214-227.

Mirsalis JC, Tyson CK, Butterworth BE. (1982). Detten of genotoxic carcinogens in the in vivo-inrgi hepatocyte
DNA repair assay. Environ Mutagen. 4(5):553-562.

Mitchell AD, Rudd CJ and Caspary WJ. (1988). Evatuaof the L5178Y Mouse Lymphoma Cell Mutagenesssay:
Intralaboratory Results for Sixty-Three Coded Cleais Tested at SRI International. Environ. Mol. Eygn. 12
(Suppl. 13), 37-101.

Morgan A, Black A, Belcher DR. (1970). The excratilm breath of some aliphatic halogenated hydramasb
following administration by inhalation. Ann. Occugyg. 13: 219-233.

Morimoto K and Koizumi A. (1983). Trihalomethanewluce Sister Chromatid Exchanges in Human Lymplesegt
vitro and Mouse Bone Marrow Cells vivo. Environ. Res., 32, 72-79.

Muller W. (1987). Chloroform, detection of gene atitns in somatic cells in culture, HPRT-test witli9 cells.
Pharma Research Toxicology and Pathology, Hoec@st@ermany. Hoechst report No. 87.0692.

Nagano K, Kano H, Arito H, Yamamoto S, Matsushimg2006). Enhancement of renal carcinogenicity dyloined
inhalation and oral exposures to chloroform in mrats. J Toxicol Environ Health A. 69(20):1827-42.

NPI (2005). National Pollutant Inventory, Departmehthe Environment and Heritage, Australia.

NTP (2005). Report on carcinogens, eleventh editié® Department of Health and Human Services, Bubéalth
Service.

Pereira MA, Lin LHC, Lippitt JM and Herren SL. (1®8 Trihalomethanes as Initiators and Promoters of
Carcinogenesis. Environ. Health Perspect., 46,158l -

Pohl LR, Krishna G. (1978). Deuterium isotope effat bioactivation and hepatotoxicity of chlorofarrife Sci.
23(10):1067-1072.

Potts AM, Simon FP, Gerard BW. (1949). The mechanig action of phosgene and diphosgene. Arch Bioche
24(2):329-37.

Potter CL, Chang LW, DeAngelo AB, Daniel FB. (199Bjfects of four trihalomethanes on DNA strandais renal
hyaline droplet formation and serum testosterormaate F344 rats. Cancer Lett. 106(2):235-242.

Reitz RH, Fox TR and Quast JF. (1982). MechaniStiosiderations for Carcinogenic Risk Estimatiohia€oform.
Environ. Health Perspect., 46, 163-168.

Robbiano L, Mereto E, Migliazzi Morando A, PastéteBrambilla G. (1998). Increased frequency of omcrcleated
kidney cells in rats exposed to halogenated anaetissh Mutat Res. 413(1):1-6.

Roe FJC, Palmer AK, Worden AN, Van Abbé NJ (19%3fety evaluation of toothpaste containing chlonwfol.
Long-term studies in mice. Journal of EnvironmeRathology and Toxicology, 2:799-819.

Rosenthal S.L. (1987). A review of the mutagenioitghloroform. Environ. Mol. Muta. 10: 211-226.

Salamone MF, Heddle JA, Katz M. (1981). Mutagerutivity of 41 compounds in the in vivo micronucleassay.
Prog. Mutat. Res. 1: 687-697.

Schuur AHB. (2004). Solvents for the removal of tgwgercha from root canals. Nederlandtijdschrift
voortandheelkunde, 111, 303-306.

Sciuto AM, Hurt HH. (2004). Therapeutic treatmesotphosgene-induced lung injury. Inhal Toxicol. 88565-580.

Shelby MD and Witt KL. (1995). Comparison of Resulirom Mouse Bone Marrow Chromosome Aberration and
Micronucleus Tests. Environmental and Molecular &¢ignesis, 25, 302-313.Templin MV, Larson JL, Buiteth BE,

et al. (1996a). A 90-day chloroform inhalation stud F344 rats: Profile of toxicity and relevanecedancer studies.
Fundam Appl Toxicol 32:109-125.

70



ANNEX 1 — BACKGROUND DOCUMENT TO RAC OPINION ON GQtOROFORM

Templin MV, Jamison KC, Wolf DC, Morgan KY, Butteonth BE (1996b). Comparison of chloroform-induced
toxicity in the kidneys, liver, and nasal passagfesale Osbhorne-Mendel and F344 rats. Cancer |sti€¥4:71-78.

Templin MV, Constan AA, Wolf DC, et al. (1998). Rans of chloroform-induced regenerative cell desétion in
BDF1 mice correlate with organ specificity and dossponse of tumor formation. Carcinogenesis 191%3.

Thompson DJ, Warner SD, Robinson VB (1974). Teogfplstudies on orally administered chloroform ie tiat and
rabbit. Toxicol Appl Pharmacol 29(3):348-357.

Topham JC. (1980). Do induced sperm-head abnoiesaiit mice specifically identify mammalian mutagemather
than carcinogens? Mutat. Res., 74, 379-387.

Torkelson TR, Oyen F, Rowe VK. (1976). The toxiaitfychloroform as determined by single and repeatgubsure of
laboratory animals. Am Ind Hyg Assoc J. 37(12)7-G95.

Tsuchimoto T and Matter BE. (1981). Activity of emticompounds in the micronucleus test. Prog. MRas. 1: 705-
711.

U.S. EPA. (2001). Toxicological review of Chlorofior U.S. Environmental Protection Agency, WashingtDiC.
EPA/635/R-01/001.

U.S. EPA. (2004). Evidence on the Developmental Regroductive Toxicity of Chloroform: Draft. Repnactive and
Cancer Hazard Assessment Section, Office of Enmiental Health Hazard Assessment, California Envirental
Protection Agency.

Weidlich U, Gmehling J. (1986). Expositionsabschéty Eine Methode mit Hinweisen fur die praktiséfravendung.
Schriftenreihe der Bundeanstalt flr Arbeitsschutad uArbeitsmedizin, Forschungsbericht 488, Verlag NW
Bremerhaven.

WHO (2004). World Health Organization. Chlorofornor@ise International Chemical Assessment Documént 5
(CICAD), 54 p.

WHO (2000). World Health Organization Guidelines afe Recreational-water Environments, Vol.2: Sming
Pools, Spas and Similar Recreational-water Enviemts) 28p.

WHO (2000). Directives de qualité pour I'eau desbon, Volume 2: Criteres d'hygiéne et documentadidiappui,
Genéve 2000.

WHO (1994). World Health Organization. Chloroforrenvironmental Health Criteria 163. WHO Internatibna
Program on Chemical Safety, Geneva, 174 p.

Yamamoto S, Kasai T, Matsumoto M, et al. (2002).c@egenicity and chronic toxicity in rats and miegposed to
chloroform by inhalation. J. Occup. Health, 44:2333.

71



APPENDIX A:
EXTRACT FROM
“FOLLOW -UP IlI
OF THE MEETING
OF THE
TECHNICAL
COMMITTEE ON
CLASSIFICATION
AND LABELLING”
IN ARONA, 26-28
SEPTEMBER

200 co67(F)

Chloroform
(Trichloromethane)

602-006-00-4
CAS: 67-66-3
EC: 200-663-8

Classification:

Carc. Cat. 3; R40
Agreed 0907

[Muta Cat. 3; R68]

Repr. Cat. 3; R63
Agreed 0907

Xn; R20/22-48/20
Agreed 0907

NC Xn; R48/22
Agreed 0907

Xi; R36/38
Agreed 0907

NC Xi; R37
Agreed 0907

NC for the ENV
Agreed 0107

A new classification proposal was provided by FR
ECBI/42/07, circulated with Revision 2 of the Sepber
agenda.

In September 2007 TC C&L agreed not to classify

chloroform with Xi; R37 as the nasal effects repdrivere
rather covered by Xn; R48/20. Further TC C&L agrdieat
R48/22 could be deleted as effects were only sédmgh
doses. They also agreed on classification with R€at. 3;
R63 based on the FR proposal.

The narcotic effects that would be covered by Xa0Rnder
the current system would trigger classificationhwBTOT
Single 3 under the CLP Regulation.

Mutagenicity:

No agreement could be reached on mutagenicity. shef

present MS experts were in favour of Muta. CatR88, 10
experts preferred no classification and 4 expedsdt have g
final position.

FR will revise their proposal with more justificati for Muta.
Cat. 3 R68 and provide this to the ECB prior 7 Nolker. MS
changing their position from the one expressethatnteeting
or MS not present at the meeting are then askerkdot
during FU 1.

A final decision whether the discussion on mutagignimust
be handed over to ECHA will be made only at the ehthe
Follow-up period.

ECB has updated the S-phrases in accordance wéh
classification agreed at the meeting (i.e. addeg).S4

Comments with a proposal for Muta. Cat. 3; R68 vaset by
SE in ECBI/42/07 Add.1. A new proposal for Muta C@at.
3; R68 was submitted b¥R after TCNES discussion i
ECBI/42/07 Add.2.

L
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Current classification (19
ATP): Xn; R22-48/20/22 - Xi;
R38 - Carc. Cat. 3; R40

Labelling:
Xn

R: 20/22-36/38-40-48/20-63-
[68]

S: (2-)36/37-46

Classification assigned in
accordance with the CLP

Regulation:
Carc. 2; H351

[Muta. 2; H341]
Repr. 2; H361d
Acute Tox. 3; H331
Acute Tox. 4; H302
STOT Rep. 2; H373
Eye Irrit. 2; H319
Skin Irrit. 2; H315
STOT Single 3; H336

After FUI:

Mutagenicicity

DE still supports R68.

FR provided further additional information to detenm
whether chloroform is ann vivo mutagen and should |
classified as Muta. Cat. 3; R68 (ECBI1/42/07 Add. 3)

ECB: On the bases of the additional information
mutagenicity provided byFR (ECBI/42/07 Add. 3), MS
especially those who have changed their positiom fthe one
put forward at the TC C&L meeting or who were noégent
at the meeting are welcome to react during FUII.

After FUII:
NL: agrees with Muta Cat. 3 R68

IRL : has considered the summary data presented in this
document and we believe that there is insufficeandence to
classify chloroform as Mut. Cat 3: R68. Many of pasitive
effects seen appear to be species specific, arehappbe
mediated by cyp450 metabolism to phosgene in cetdgaget
organs. Despite these results the overwhelming bbdy
evidence is negative and on this basis we considbed
chloroform should not be classified.

ECB/FR: Dec 2007 TECNES meeting decided that furthe
testing for mutagenicity is necessary before any oclusion
can be drawn.

= Hand-over to ECHA

e

on
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APPENDIX B: EXTRACT FROM “‘SUMMARY RECORD -
TECHNICAL COMMITTEE ON CLASSIFICATION AND
LABELLING OF DANGEROUS SUBSTANCES — MEETING ON
ENVIRONMENTAL EFFECTS OF EXISTING CHEMICALS,
PESTICIDES & NEW CHEMICALS -ISPRA, JANUARY 25, 2007"

| C067 Chloroform 602-006-00-4 CAS: 67-66-3 EC : 200-663-8 |

F has sent in ECBI/12/07 and ECBI/12/07 Add. 1 (Classification proposal & ENV RAR).
Follow-up:

Since there was no reaction from the Committee the proposed classification is considered
as agreed.

Final Conclusion:

C067 Chloroform 602-006-00-4 CAS: 67-66-3 EC : 200-663-8

¢ 1a551‘t1cat1011f“ Toxicity | Degradation Bioaccumulation | Escape clause

S -phrases
: 10 < Not readily BCF < 100 .

N g |LECo< | degradable  |logKam<3 | Norc o med
o ’ 100 (based on data)

Specific

concentration Not applicable

limits:
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