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1 IDENTITY OF THE SUBSTANCE

1.1 Name and other identifiers of the substance

Table 1: Substance identity and information related to molecular and structural formula of the
substance

Name(s) in the IUPAC nomenclature or other Dichloromethane
international chemical name(s)

Other names (usual name, trade name, abbreviation) Methane, d%chloro-
Methane, dichloro-

ISO common name (if available and appropriate)

EC number (if available and appropriate) 200-838-9

EC name (if available and appropriate) dichloromethane

CAS number (if available) 75-09-2

Other identity code (if available) [For example CIPAC number]
Molecular formula CH2CI2

Structural formula

SMILES notation (if available)

Molecular weight or molecular weight range 84.933

Information on optical activity and typical ratio of
(stereo) isomers (if applicable and appropriate)

Description of the manufacturing process and identity
of the source (for UVCB substances only)

Degree of purity (%) (if relevant for the entry in Annex
VI)

1.2 Composition of the substance

Table 2: Constituents (non-confidential information)

Constituent Concentration range (% | Current CLH in Annex | Current self-

(Name and numerical | w/w  minimum and | VI Table 3 (CLP) classification and

identifier) maximum in  multi- labelling (CLP)
constituent substances)

dichloromethane >99.5 - 100 % (w/w)
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Table 3: Impurities (non-confidential information) if relevant for the classification of the

substance

Impurity Concentration Current CLH in | Current self- | The impurity
(Name and | range Annex VI Table 3 | classification and | contributes to the
numerical (% w/w minimum | (CLP) labelling (CLP) classification and
identifier) and maximum) labelling

Not relevant

[Please insert rows according to the number of impurities in the substance. If impurities are confidential
information it is sufficient to state whether they contribute to the classification and labelling.]

Table 4: Additives (non-confidential information) if relevant for the classification of the

substance
Additive Function Concentration Current CLH in | Current  self- | The additive
(Name and range Annex VI Table | classification contributes to
numerical (% w/w | 3 (CLP) and labelling | the
identifier) minimum and (CLP) classification

maximum) and labelling

Not relevant

Table 5: Test substances (non-confidential information) (this table is optional)
Identification | Purity Impurities and additives | Other information The study(ies) in
of test (identity, %, -classification if which  the test
substance available) substance is used
Not relevant
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2 PROPOSED HARMONISED CLASSIFICATION AND LABELLING

2.1

Table 6: Classification table

Proposed harmonised classification and labelling according to the CLP criteria

Index No Chemical name ECNo | CASNo Classification Labelling ISJ?;clltisic Conc. Notes
9
Hazard Class| Hazard Pictogram, | Hazard Suppl. M-factors and
and Category| statement Signal statement Hazard ATEs
Code(s) Code(s) Word Code(s) statement
Code(s) Code(s)

Current Carc. 2 H351 GHSO08 H351

Annex VI Wng

entry

Dossier Add Add Retain Add

submitters Muta 2 H341 GHSO08 H341

proposal 00400 . ey 00 Modify Modify Modify Modify

602-004-00-3 |dichloromethane |200-838-9 |75-09-2 Carc 1B H350 Der H350

Resulting Carc 1B H350 GHSO08 H350

Annex VI Muta 2 H341 Dgr H341

entry if

agreed by

RAC and

COM
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Table 7: Reason for not proposing harmonised classification and status under consultation

Hazardous to the ozone layer

Hazard class Reason for no classification Within - the  scope  of
consultation
Explosives Hazard class not assessed in this dossier No
Flammable gases (including | Hazard class not assessed in this dossier No
chemically unstable gases)
Oxidising gases Hazard class not assessed in this dossier No
Gases under pressure Hazard class not assessed in this dossier No
Flammable liquids Hazard class not assessed in this dossier No
Flammable solids Hazard class not assessed in this dossier No
Self-reactive substances Hazard class not assessed in this dossier No
Pyrophoric liquids Hazard class not assessed in this dossier No
Pyrophoric solids Hazard class not assessed in this dossier No
Self-heating substances Hazard class not assessed in this dossier No
Substances which in contact | Hazard class not assessed in this dossier No
with water emit flammable
gases
Oxidising liquids Hazard class not assessed in this dossier No
Oxidising solids Hazard class not assessed in this dossier No
Organic peroxides Hazard class not assessed in this dossier No
Corrosive to metals Hazard class not assessed in this dossier No
Acute toxicity via oral route Hazard class not assessed in this dossier No
Acute toxicity via dermal route | Hazard class not assessed in this dossier No
Acute toxicity via inhalation | Hazard class not assessed in this dossier No
route
Skin corrosion/irritation Hazard class not assessed in this dossier No
Serious eye damage/eye | Hazard class not assessed in this dossier No
irritation
Respiratory sensitisation Hazard class not assessed in this dossier No
Skin sensitisation Hazard class not assessed in this dossier No
Germ cell mutagenicity Harmonised classification proposed Yes
Carcinogenicity Harmonised classification proposed Yes
Reproductive toxicity Hazard class not assessed in this dossier No
Specific target organ toxicity- | Hazard class not assessed in this dossier No
single exposure
Specific target organ toxicity- | Hazard class not assessed in this dossier No
repeated exposure
Aspiration hazard Hazard class not assessed in this dossier No
Endocrine disruption for HH | Hazard class not assessed in this dossier No
Hazardous to the aquatic | Hazard class not assessed in this dossier No
environment
Endocrine disruption for ENV | Hazard class not assessed in this dossier No
PBT/vPvB Hazard class not assessed in this dossier No
PMT/vPVYM Hazard class not assessed in this dossier No
Hazard class not assessed in this dossier No

[04.01-MF-003.01]
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3

HISTORY OF THE PREVIOUS CLASSIFICATION AND LABELLING

Dichloromethane (DCM) is currently listed on Annex VI of CLP Regulation ((EC) No 1272/2008)
as a substance suspected of causing cancer. The substance was originally selected for substance
evaluation in CoRAP 2016 in order to clarify concerns about:

- Carcinogen

- Suspected mutagen

- Suspected reprotoxic

- Suspected sensitiser

- Potential endocrine disruptor

- High (aggregated) tonnage.

On the basis of the available information, an harmonized classification of the substance is
envisaged by eMSCA, as a follow-up at EU level by adding the following hazard categories: Carc
1B H350 and Muta category 2 H341.

JUSTIFICATION THAT ACTION IS NEEDED AT COMMUNITY LEVEL

There is no requirement for justification that action is needed at Community level.

IDENTIFIED USES

This substance is registered under the REACH Regulation and is manufactured in and / or
imported to the European Economic Area, at > 100 000 tonnes per annum.

This substance is used by consumers, by professional workers (widespread uses), in formulation
or re-packing, at industrial sites and in manufacturing.

In particular for consumer use, the substance is used in the following products: adhesives and
sealants, plant protection products, washing & cleaning products, biocides (e.g. disinfectants,
pest control products) and coating products. Widespread uses by professional workers are also
available for the substance in the following products: coating products, washing & cleaning
products, adhesives and sealants, biocides (e.g. disinfectants, pest control products) and plant
protection products.

This substance is used at industrial site in the following products: washing & cleaning products,
extraction agents, adhesives and sealants, coating products and heat transfer fluids.

This substance has an industrial use resulting in manufacture of another substance (use of
intermediates).

This substance is used for the manufacture of: chemicals, textile, leather or fur, plastic products
and rubber products.

DATA SOURCES

Sources: PUBMED, SCOPUS, WEB OF SCIENCE, ScienceDIRECT, ECHA dissemination site, [UCLID
(Reg data), OECD sids, IARC.

[04.01-MF-003.01]
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7 PHYSICOCHEMICAL PROPERTIES

Table 8: Summary of physicochemical properties

Property

Value

Reference

Comment (e.g. measured or
estimated)

Physical state at 20°C
and 101,3 kPa

liquid

(ECHA, 2023)

Melting/freezing point

178 K at 101325 Pa

(ECHA, 2023)

Boiling point

313 K at 101325 Pa

(ECHA, 2023)

Relative density

1.32 g/em? at 25 °C

(ECHA, 2023)

Vapour pressure

584 hPa at 25°C (352 mm
Hg)

(ECHA, 2023)

Surface tension

Data waiving

(ECHA, 2023)

Water solubility

13.2 g/L at 25°C and pH 7

(ECHA, 2023)

Partition coefficient n-
octanol/water (KOW)

Log K,y 1.25 at 20°C and pH
7

(ECHA, 2023)

This value was supported by the
CODATA LOGKOW database
(recommended value of 1.25) and the
calculated log Kow of 1.34
(EPISUITE 4.0)

Partition coefficient n-
octanol/air (Koa)

Flash point

The substance is not
flammable.

(ECHA, 2023)

Relevant literature sources and
studies indicate that this substance
has no flashpoint. However, under
certain conditions the substance can
form flammable vapour/air mixtures
(13-22 % Vol at 20 °C) which under
normal circumstances are difficult to
ignite (under optimum conditions of
18 % Vol in air at 20 °C the
minimum energy needed for ignition
is 9300 mJ, which is many 10000-
folds higher than for vapours of other
common flammable solvents.
Classification as flammable is thus
not required.
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Comment (e.g. measured or

Property Value Reference estimated)
The substance is not (ECHA, 2023) | Relevant literature sources and studies
flammable. indicate that this substance has no

flashpoint. However, under certain
conditions the substance can form
flammable vapour/air mixtures (13-22
% Vol at 20 °C) which under normal
circumstances are difficult to ignite
(under optimum conditions of 18 %
Vol in air at 20 °C the minimum
Flammability energy needed for ignition is 9300 mJ,
which is many 10000 fold higher than
for vapours of other common
flammable solvents. Classification as
flammable is thus not required. Water
reactivity and pyrophoricity are not
expected based on the structural
properties and experience in handling
the substance.

The substance does not form aerosols.

Explosive properties Non explosive (ECHA, 2023)
Self-ignition 878 K at 101 325 Pa (ECHA, 2023)
temperature

Oxidising properties No (ECHA, 2023)
Granulometry D50 (ECHA, 2023)
Stability in organic | Data waiving (ECHA, 2023)

solvents and identity of
relevant  degradation

products
Dissociation constant Data waiving (ECHA, 2023) | Study technically not feasible
Viscosity 0.42 mPa.s at 25 °C (ECHA, 2023)

8 EVALUATION OF PHYSICAL HAZARDS

The substance is not classified for the physico-chemical aspect. See table of summary of physico-
chemical properties above. Physical hazards are not further assessed in this dossier.

9 TOXICOKINETICS (ABSORPTION, METABOLISM, DISTRIBUTION AND
ELIMINATION)

ADME
Absorption

Due to its lipophilicity (Log Kow 1.25 at 20°C and pH 7) and to its low relative molecular mass
(84.93 g/mol), DCM can readily cross biological membranes. After inhalation exposure, pulmonary
uptake is rapid, approaching steady state within a few hours after the exposure both in humans and in
animals (IARC, 2017).

Limited data on oral absorption in humans suggest that DCM is also readily absorbed by this route of
exposure (Hughes & Tracey, 1993; Vetro, 2012). Oral bioavailability studies in humans are not
available, only case reports of accidental ingestion (quantitative estimates of the ingested amounts, in
these cases, are not known precisely). In animals, absorption from the gut after oral doses is rapid and
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nearly complete, according to reports of several studies with radiolabel in mice and rats (McKenna
& Zempel, 1981; Angelo, 1986a, b). In a study performed in rats was reported that on average 97%
of the radiolabel was recovered in expired air as DCM, CO, and carbon dioxide (CO,) in the 24 hours
after each repeated oral dose of 50 or 200 mg/kg per day in rats. In mice, reported absorption is more
rapid (but equally extensive) with an aqueous vehicle than with an oil-based vehicle, consistent with
studies on other chlorinated solvents (Angelo, 1986a).

The permeability of human skin to DCM is 24 g/m? per hour (Ursin, 1995). Various studies on the
rate of absorption through animal skin and subsequent pharmacokinetics have been reported. Tissue
concentrations of DCM were measured in various organs (lung, liver, brain, kidney, heart and fat) of
128 white rats, using gas chromatography, following immersion of two-thirds of their tails in the
solvent for 1, 2, 3 or 4 h. Small increases were seen in most tissues after 1 or 2 h of exposure, and
DCM concentrations in fatty tissues increased markedly after 3 h of exposure. After 4 h of exposure,
DCM concentrations remained elevated in fatty tissues and were increased in all other tissues studied
(Makisimov & Mamleyeva, 1977).

Distribution

DCM after absorption enters blood circulation and undergoes a rapid systemic distribution to tissues,
with the highest concentrations expected in adipose tissue and other fatty tissues (due to the
lipophilicity of the compound).

DCM is distributed to many organs, including liver, kidney, lungs, brain, muscle and adipose tissue,
epididymal fat and testes after respiratory and oral exposure (US EPA, 2011). It is quite rapidly
excreted after oral exposure, mostly via the lungs in the exhaled air. It can cross the blood-brain
barrier and be transferred across the placenta, and small amounts can be excreted in urine or in milk.
Exhalation of DCM after inhalation exposure increases when exposed to higher concentrations. The
remainder is metabolized to carbon monoxide, carbon dioxide and inorganic chloride (US EPA,
2011).

Metabolism

Two pathways compete for metabolism of DCM: CYP450 (CYP2EIl-mediated reductive
dehalogenation, also Mixed-Function Oxidases (MFO) pathway), and GST-mediated metabolism
(conjugation of DCM to GSH) (see Figure 1. - Proposed pathways for DCM metabolism).

However, both pathways are expected to operate even at low exposures. DCM binds to the CYP
reaction site with higher affinity than to the GST site, therefore DCM is metabolized by CYP at lower
exposure levels. When the available CYP enzyme is saturated (at higher levels of exposure or in case
of poor metabolizer) more DCM is available for binding to the lower-affinity GST metabolic site,
and the proportion of DCM metabolized by GST increases.

CYP2E] Pathway

Exposure to DCM, regardless of exposure route, results in the formation of CO, as assessed by
measurement of elevated levels of CO in expired air and increased levels of COHD in the blood, in
the CYP2E1 metabolic pathway in studies in animals and humans (IRIS, 2011).

After the formation of formyl chloride during the first step in the CYP2E1 pathway, it is demonstrated
the formation of a marginal quote of S-formyl GSH from formyl chloride in the presence of GSH
(3% maximum at pH 9) with most (>97%) of the formyl chloride metabolized further to CO (CO
formation from formyl chloride was independent of GSH presence in the assay) (Watanabe, 2006).
In some cases the oxidation by CYP2EI may be considered a detoxication reaction, as it removes the
potential carcinogen from other pathways which can activate it to genotoxic materials. Such is
probably the case for DCM. The balance between bioactivation and detoxication should be kept in
mind when the benefits of high or low expressions of CYP2EI are being considered (Guengerich,
1991). Moreover, it should be considered that subgroups of population, express low metabolism of

[04.01-MF-003.01]



CLH REPORT FOR DICHLOROMETHANE

CYP2ELI as demonstrated in the study conducted by Wu (2013) in which it is presented a systematic
analysis of genotype combinations and functional combinations of CYP450 across whole Chinese
population: in this study, the authors claim that ultrarapid metabolizer (UM) phenotype did not feature
for CYP2E1 (and CYP2C9).

GST Pathway

The GST pathway for DCM metabolism involves conjugation with GSH, forming S-chloromethyl
GSH. The conjugation is catalysed by GSTT1 (glutathione S-transferase T1), the most active GSTs
isoform (Mainwaring, 1996; Sherratt, 1997). Dose-dependent COHb formation was readily
demonstrated, with the single-day exposures resulting in peak COHb saturations of 1.9%, 3.4%,
5.3%, and 6.8%, respectively, at 0, 50, 100, and 200 ppm (DiVincenzo, 1981). Mainwaring (1996)
determined mRNA and protein expression of GSTT1 in cells from human liver and lung, both of
which are target organs for DCM in the mouse. While expression of GSTT1 was readily detected in
the liver, very low levels were detected in the lungs. Furthermore, GSTT1 activity with DCM was
measured in three samples of lung: it was about one order of magnitude less than that in human liver.
The product is the S-Chloromethyl GSH is reactive and is believed to be one of the DCM metabolites
responsible for DNA binding and mutagenicity (Graves, 1996). S-chloromethyl GSH can also be
hydrolysed to form hydroxymethyl GSH, which can either decompose to release formaldehyde or be
oxidized by formaldehyde dehydrogenase to form S-formyl GSH. The latter is subsequently
hydrolysed to release formic acid and GSH. Formic acid further decomposes to release CO,. Thus,
while both the CYP and GST pathways can generate CO,, only the CYP pathway produces CO from
DCM.

Organ-specific metabolism of GSTTI.

GSTTI1-1 activity has not been detected in the erythrocytes of mice, rats, cattle, sheep, pigs and rhesus
monkeys. However, it is expressed in humans depending on genetic polymorphism. In rats and mice,
this enzyme activity has been found in the liver, lungs, and kidneys, and in hamsters in the liver and
kidneys. In humans, particularly high levels of the mRNA for GSTTI-1 were found in the liver,
kidneys, skeletal muscle and pancreas, moderate levels in the prostate, ovaries, and colon, and
moderate to low levels in the heart, brain, and spleen. In the placenta, lungs and thymus, only very
low levels of the mRNA for GSTT1-1 were detected.

Another important issue is the subcellular localization and the absolute level of the expressed GSTT-1
enzyme. While GSTT-1 in mouse liver is readily found in cytoplasm and nuclei of hepatocytes, it is
found at lower levels in nuclei of bile-duct epithelial cells, and in cytoplasm and nuclei of some
human hepatocytes (Sherratt, 2002). This less intense nuclear localization is thought to be of
significance for carcinogenic risk because less S-chloromethyl GSH and formaldehyde will be
generated near DNA.

The possibility of a switch of the CYP2E1 pathway towards the GSTT1 pathway should be taken into
account in case of co-exposure to competitive substances for the MFO pathway and in sub-
populations expressing low levels of CYP2E1 (Wu, 2013).

An in vitro study (MAK, 2016) highlighted that differences in susceptibility to the genotoxic effects
of DCM in the blood cells of persons are associated with different GSTT-1 polymorphisms. This
observation was also reported in other two studies (Hallier, 1993; Olvera-Bello, 2010).

In conclusion, the in vitro rate constants for the two enzyme systems are consistent with the
hypothesis that metabolism of DCM occurs in vivo by two competing pathways: a high-affinity
saturable pathway (identified as MFO) and a low-affinity first-order pathway (identified as GST).
The metabolic rate constants for GST obtained from the studies are also consistent with the hypothesis
of Andersen (1987) that production of large quantities of glutathione/DCM conjugates in vivo may
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increase the frequency with which lung and liver tumours develop in some species of animals (e.g.,
B6C3F1 mouse).

Both pathways can generate reactive and unstable metabolites, mechanistically linked to DCM-
induced genotoxicity and carcinogenesis, but it is thought that these come primarily from the GST
pathway (Andersen, 1987). In this work the authos (Andersen, 1987) argue that tumour incidence did
not correlate with the amount of DCM metabolized by the CYP450 pathway: consequently,
metabolism of DCM by GST appears to be important in carcinogenesis. Moreover, humans are
polymorphic for GSTT1, with a proportion of the population showing no activity towards DCM.
CYP2EI catalytic activity predominates at relatively low concentrations of substrate, but there is
ample evidence that GST-mediated metabolism eventually predominates at higher concentrations
(Gargas, 1986; Clewell, 1995; Bos, 2006). Such higher concentrations of DCM are readily observed
in occupational settings and in some environmental exposures. Moreover, with continued exposure
to DCM, even at relatively low concentrations, CYP2E]1 readily becomes saturated. As reported in
the TARC monograph 110 (IARC, 2017), the evidence strongly supports qualitative similarities in
both oxidative and GST-mediated metabolism of DCM between humans and rodents. Differences in
activity levels and tissue and cellular distributions of GSTT1 and CYP2EI across species could
explain the different target organ for the observed carcinogenicity.

Excretion

Exhalation is the main route of excretion of DCM in humans being its primary metabolites CO, and
CO, with lesser amounts as DCM excreted in the urine. Only 5% of absorbed DCM is exhaled
unchanged, 25-34% excreted converted as CO, and the balance excreted as CO,. After cessation of
exposure, the half-life of DCM in the blood has been estimated to be about 40 minutes, with
concentrations of parent and metabolites returning the pre-exposure levels within a few days. Urinary
excretion occurs mostly during and/or within the first hour after cessation of exposure, and in total
accounts for less than 0.1% of uptake (IARC, 2017).

[04.01-MF-003.01]
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Figure 1. - Proposed pathways for DCM metabolism: CYP2E1-mediated metabolism is shown on the left.
GST-mediated metabolism is shown to the right

9.1 Short summary and overall relevance of the provided toxicokinetic information on the
proposed classification(s)

Due to its lipophilic properties and low relative molecular mass, DCM can readily cross biological
membranes. After inhalation the blood-air partition coefficient measured in vivo in humans ranges
from 8 to 10. These data might be influenced by GSTT1, enzyme present in the human erythrocytes
and involved in the metabolism of DCM. In animals the blood-air partition coefficient measured in
vivo ranges from 19 to 23 (in rodents).

While there are no quantitative data on oral absorption in humans, in a study is reported an average
value of 97% in radioactive expired air as DCM, carbon monoxide (CO), and carbon dioxide (CO,)
in the 24 hours after each repeated oral dose of 50 or 200 mg/kg per day in rats. In the same study, it
was reported that the absorption in mice is equally extensive (Angelo, 1986b).

Regarding the permeability of human skin to DCM, is reported the value of 24 g/m? (Ursin, 1995).

[04.01-MF-003.01]
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In humans, once absorbed, DCM enters in circulation and is rapidly distributed to tissues. Due to the
lipophilic properties of DCM, the highest concentrations are expected in adipose tissues.

In animals DCM is also rapidly distributed to tissues after in vivo and intravenous exposure: DCM
has been measured in liver, kidney, lung, and whole carcass. The highest concentration was found in
kidney (Angelo, 1986a)

One pathway for metabolism of DCM is a reductive dehalogenation catalysed by cytochrome P450
2E1 (CYP2EIl), the MFO pathway. The initial product of the reaction is chloromethanol that
spontaneously rearranges to form formyl chloride that, in turn can spontaneously generate CO or react
with glutathione (GSH) to generate formylglutathione that rearranges to form CO,. In this pathway,
CO (produced only by this pathway), that has a great affinity for hemoglobin, forms
carboxyhemoglobin (COHD).

Another pathway is via conjugation with GSH. The first product of the reaction is S-chloromethyl
GSH. The conjugation is catalysed by GSTT1, the most active GSTs isoform (Mainwaring, 1996;
Sherratt, 1997). S-Chloromethyl GSH is believed to be one of the DCM metabolites responsible for
DNA binding and mutagenicity (Graves, 1996). S-chloromethyl GSH can also be hydrolysed to form
hydroxymethyl GSH, which can decompose to release formaldehyde or can be oxidized (by
formaldehyde dehydrogenase) to form S-formyl GSH. By hydroxylation S-formyl GSH releases
formic acid and GSH. Formic acid further decomposes to release CO,. Both metabolic pathways of
DCM involve polymorphic and variously distributed enzymes in human tissues. The different
distribution of these enzymes, particularly GSTT1, plays an important role in the definition of the
susceptible populations.

10 EVALUATION OF HEALTH HAZARDS

Acute toxicity

10.1 Acute toxicity - oral route

Not evaluated.

10.2 Acute toxicity - dermal route

Not evaluated.

[04.01-MF-003.01]
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10.3 Acute toxicity - inhalation route

Not evaluated.

10.4

Not evaluated.

Skin corrosion/irritation

10.5 Serious eye damage/eye irritation

Not evaluated.

10.6 Respiratory sensitisation

Not evaluated.

10.7 SKkin sensitisation

Not evaluated.

10.8 Germ cell mutagenicity

Table 9: Summary table of mutagenicity/genotoxicity tests in vitro

CHO cells -S9
no OECD TG

limits of the
study:

5% is equivalent to

65000 pg/mL

genotoxicity: negative
cytotoxicity: no cytotoxicity

Method, Test substance, | Relevant information | Observations Reference
guideline, about the study
deviations if any including rationale for
dose  selection (as
applicable)
bacterial reverse | dichloromethane | S. typhimurium, other: | Test results: Gocke,
mutation assay 75-09-2 TA98, TA100, TA1535, | positive for S. typhimurium: TA98, 1981
TA1537, TA 1538 (with | TA100;
The study was 200-838-9 and without met. act.) in both with and without met. act.
performed before L
. genotoxicity: positive
the publication of L L .
Test concentrations: cytotoxicity: not specified
the OECD TG
125, 250, 500, and 750
471, but whose . . .
ulin 9 liter desiccator
conduct was
compatible with
OECD The lowest effective
recommendations. dose is 18 pg/mL for
TA100 and 72 pg/mL for
TA 102 strain or TA98
EC O.h WP2is (in bacterial tests, cells
missing.
were exposed to
Key study dichloromethane -
vapour, so dose = ug
/mL in atmosphere).
Gene mutation in | dichloromethane | Test concentrations: Negative for Chinese hamster lung Jongen,
Chinese hamster | 75-09-2 o fibroblasts (V79); 1981
lung V79 and 0.5-5% met. act.: without S9
200-838-9, o

[04.01-MF-003.01]
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Method, Test substance, | Relevant information | Observations Reference
guideline, about the study
deviations if any including rationale for
dose selection (as
applicable)
-short exposure
-lack of metabolic
activation
Gene mutation, dichloromethane | Test concentrations: Positive at the HPRT locus of CHO Graves &
Chinese hamster | 75-09-2 cells in the presence of metabolic Green,
0.3 and 0.5% (v/v) S .
ovary cells ) activation (GST-mediated 1996
200-838-9, equivalent to 3000 and .
(hprt locus) metabolism)
5000 ppm e ..
genotoxicity: positive
No OECD TG 5000 ppm is equivalent cytotoxicity: no
to 3975 pg/mL
Only with mouse liver
cytosol (S 100 fraction);
GST-mediated
metabolism
Positive controls :not
available
Negative control: yes
Gene mutation dichloromethane | Test concentrations: Genotoxicity: inconclusive results Myhr, 1990
?g?;géygﬁ};O?; 75-09-2 2000 and 2500 nl/ml are reported in the study
’ 200-838-9, without S9 ..
locus cytotoxicity: no
2000, 2500 and 3000
equivalent or nl/ml with S9
similar to OECD .
TG 490 The hlghest
concentration tested
3000 nl/ml is equivalent
to 3300 pg/mL
Negative control: yes
Chromosome dichloromethane | Test concentrations: Positive +/- S9; Thilagar,
Aberration in 75-09-2 0-2-5-10 pl/ml (+ and — | met. act.: with and without 1983
CHO-K1 cells 200-838-9, S9) genotoxicity: positive
equivalent or The highest cytotoxicity: yes
similar to OECD concentration tested negative controls: valid
TG 473 10pl/ml is equivalent to positive controls: valid
6500 pg/mL
Positive control
substance(s):
Cyclophosphamide (1
pg/ml)
Triethylenemelamine
(50 pg/ml)
Chromosome dichloromethane | Test concentration: Negative +/- S9 Anderson,
élbfganon n 75-09-2 Doses: 0, 160, 500, 1600 | met. act.: with and without 1990
200-838-9, and 5000 pg/mL genotoxicity: negative

[04.01-MF-003.01]
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with Kinetochore
labelling

Similar to OECD
TG 487

The AHH-1 cell line is a
human B
lymphoblastoid ~ Tk+/-
line with native
CYP1A1 activity.

The MCL-5 cell line was
produced by transfection
of L3 cells (AHH-1-
derived cells which
possess elevated
CYPIAI activity with
cDNAs encoding four
human cytochrome P450
isoenzymes and
microsomal epoxide
hydrolase).

The h2El cell line
contains the pH441
vector with a cDNA for
human CYP2E.

Test concentration:
from 2 to 10 mM DCM

Positive controls: not
available
Negative control: yes

fold at the top dose).

Kinetochore staining indicated a
similar induction of K+ve and K-ve
micronuclei in both cell lines (MCL-
5 and h2El).

Positive in MCL-5, h2E1 cell lines,
increasing with increasing
concentrations.

Negative in AHH-1 cultures.

These results indicate that the
cytochrome P450 pathway may
produce both  aneugenic and

clastogenic metabolites.

The lowest effective dose in MCL-5
and h2El cells was 2.5 mM,
equivalent to 200 pg/mL.

The highest ineffective dose in
AHH-1 cultures was 10mM
equivalent to 850 pg/mL.

Method, Test substance, | Relevant information | Observations Reference
guideline, about the study
deviations if any including rationale for
dose  selection (as
applicable)
Similar to OECD Maximum concentration | cytotoxicity: yes
473 GL tested 5000 pg/mL vehicle controls: not applicable
.. negative controls: valid
Positive control . .
positive controls: valid
substance(s):
mytomycin C in trial
+S9
cyclophosphamide  in
trial —S9
In vitro dichloromethane | In AHH-1, MCL-5 and | Positive in MCL-5 and h2El cells | Doherty,
mammalian 75-09-2 h2El human | (statistically significant dose | 1996
micronucleus test 200-838-9 lymphoblastoid cell lines | responses of a similar magnitude, 3-

[04.01-MF-003.01]
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Table 10: Summary table of mutagenicity/genotoxicity tests in mammalian somatic cells 7n vivo

Negative control: corn oil

10.8 and % of PCE 8000 ppm

Method, Test substance, | Relevant information about the | Observations Reference
guideline, study (as applicable)
deviations if
any
Micronucleus | dichloromethane | NMRI mouse bone marrow Negative at 1700 mg/kg (the| Gocke,
zéshsre:i);ar . 75-09-2 intraperitoneal injection (i.p.) x2 (0 highest ineffective dose) 1981
OECD TG 200-838-9, and 24h)
474 4 animals (2 male and 2 female) per | Cytotoxicity: PCE/NCE not
dose group present.
Tested concentrations: 0, 425, 850 and
1700 mg/kg
Mice were sacrificed after 30h and
bone marrow smears were prepared
for MN test.
Positive control: none
Negative control: olive oil.
Micronucleus | dichloromethane | C57BL/6J/Alpk mouse bone marrow | Negative also at 4000 mg/kg | Sheldon,
assay 75-09-2 (the highest ineffective dose). 1987
gg’élgr% 200-838-9, by gavage, single dose The incidences of
474 5 male and 5 female C57BL/6J/Alpk micronucleated polychrp matic
mice were exposed, er}fthrocytes (MPEs) in test
The study Tested concentration: 4000, 2500 and animals at 24, 36, 48 and 72 h
was 1250 mg/kg DMC in corn oil. after exposure to MC showed
performed no significant increases over
before the Bone marrow samples were taken 24 control values at any o f t}.le
. p . ’| dose levels or time points in
publication of 36, 48 and 72 h after dosing .
the OECD either sex.
TG. The highest dose-level being selected
to be the maximum tolerated dose. ..
Cytotoxicity: The percentage
Positive control: Cyclophosphamide of PCEs was also deterrr}lr}ed
65 mg/kg as a measure of cytotoxicity.
Negative control: corn oil Reductions in the percentage
of PCEs were observed with
MC in both male and female
mice at dose levels of 2500
and 4000 mg/kg at 24 h after
dosing.
Micronucleus | dichloromethane | Mouse peripheral red blood cells | Positive at 4,000 and 8,000 | Allen, 1990
test 75-09-2 (B6C3F1) ppm.
200-838-9 A dose-related response was
Similar to Mouse peripheral red blood cells were | observed for MN in PCEs but
OECD TG collected from tail of B6C3F1 mice statistically significant only at
474 Five female mice 8-9 weeks old for | the highest dose (8000 ppm).
each group Significant increase in MN in
The study NCEs both at 4000 and 8000
was Inhalation 6 hr/d, 5 d/wk, 0, 4000, | ppm.
performed 8000 ppm
before the Cytotoxicity: a significant
publication of 2 weeks reduction of % of PCEs was
the OECD observed at the highest dose
TG. Positive control: none (% of PCE in the control was

[04.01-MF-003.01]
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inh., 6 h/days, 5 days/wk, 6 wk
Doses: 400, 800 and 1,600 ppm

The frequencies of micronucleated
reticulocytes (MN-RETs) and

and 1,600 ppm).

DCM did not display
clastogenicity/aneugenicity or
adverse effects on
hematopoiesis in bone marrow

Method, Test substance, | Relevant information about the | Observations Reference
guideline, study (as applicable)
deviations if
any
was 8.3).
Micronucleus | dichloromethane | Mouse peripheral red blood cells | Positive Allen, 1990
test 75-09-2 (B6C3F1) The % of MN in PCE and
Similar to 200-838-9 NCE in peripheral blood
OECD TG Mouse peripheral red blood cells were | lymphocytes statistically
474 collected from tail of B6C3F1 mice increased at 2000 ppm.
The study Inhalation, 6 hr/d, 5 d/wk, 0, 2000 ppm | Cytotoxicity: no change in the
was frequency of PCE after
performed 12 wks exposure. (% of PCE in the
before the control was 4.83 and % of
publication of PCE 2000 ppm was 5).
the OECD
TG.
Micronucleus | dichloromethane | CD-1 mouse bone marrow Negative Morita,
test 75-09-2 . . 1997
Similar to Six male mice, 8-10 week-old were fl“here. was no micronuclei
200-838-9 ’ induction in male CD-1 mouse
OECD TG used. .
474 ‘pone marrow cells after single
i.p. 0, 430, 860 and 1720 mg/kg of intraperitoneal treatm.ents of
DCM single dose up to 1720 mg/kg, which was
80% of the LD50
The highest dose was fixed by the
preliminary dose-finding test, and the
micronucleus assay was performed at [ Cytotoxicity: not evaluated.
three levels — the highest dose and 1/2
and 1/4 of the highest dose.
1000 immature erythrocytes were
analyzed per animal.
When the control data were
acceptable, the increase in
micronucleus frequency against the
concurrent negative control data was
evaluated using a conditional binomial
test.
Positive control: mitomycin C, 0.5
mg/kg, single i.p. treatment, sampled
at 24 h for bone marrow
Negative control: vehicle control.
Micronucleus | dichloromethane | Mouse reticulocytes and Negative Suzuki,
test 75-09-2 g)g‘(rjn}(;:lhﬁgﬁl;c erythrocytes of The MN incidences in RETs 2014
. 200-838-9 and NCEs were not
?;lrEn él]a)rl'zcz} 8-10 male mice of eicht to ten 8 K significantly increased by
74 - P mate mice o eghtto ten 6-Week- | 4 alation of DCM (400, 800
old were used.

[04.01-MF-003.01]
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Aberration was categorized by type as
deletion or rearrangement events, gaps
were not included as aberration data.

Positive control: DMBA 2,5 mg/kg

Method, Test substance, | Relevant information about the | Observations Reference
guideline, study (as applicable)
deviations if
any
micronucleated normochromatic | cells.
erythrqc yies (MN-NCEs) were Cytotoxicity: no reduction of
determined in blood specimens
. . : NCE was reported at any
collected in week 6 using an Epics XL- DCM d
MCL flow cytometer, and following 08¢
the protocol for the in vivo Mouse
MicroFlow PLUS Kit. The frequen-
cies of MN-RETs and MN-NCEs were
determined by acquisition of about
20,000 RETs and about 1,000,000
NCE:s for each animal.
Negative control: the control group
was exposed to filtered air only.
Positive control: none.
Chromosomal | dichloromethane | CA in Sprague-Dawley rat bone Negative Burek,
aberration 75-09-2 marrow . . 1984
No increased cytogenetic
Similar to 200-838-9 5 male rats 8 weeks-old for each aberrations were observed in
rats exposed to 500, 1500, or
OECD TG group
3500 ppm of methylene
475 .
. chloride for 6 months when
inh. 6 h/day, 5 days/wk, mpared to their i
The study 6 months compared 1o Thelr respective
control groups.
was
performed Doses: 0, 500, 1500, 3500 ppm Cytotoxicity: no PCE/NCE
before the reported
publication of Bone marrow cells were collected
the OECD from 5 rats/sex/group for cytogenetic
TG. evaluation after 6 months of exposure.
Bone marrow samples were processed
by conventional techniques and
examined for evidence of cytogenetic
effects.
Negative control: untreated
Positive control: none
Chromosomal | dichloromethane | CA in bone marrow (B6C3F1) Negative at 2500 and 5000 | Allen, 1990
aberration 75-09-2 mg/kg.
Subcutaneous exposure: single dose - . .
Similar to 200-838-9 Doses: 0, 2500 and 5000 mg/kg in corn No significantly increase in
. the mean of percent aberrant
OECD TG oil.
475 cells were observed at any
Treated mice were 8-9 weeks old. dose levels (mean of 8 animal
The study Only female were treated. at 2500 mg/kg and 7 animals
was at 5000 mg/kg).
performed iafrlz)lmagi were scored for bone Cytotoxicity: Mitotix index
before the WA (MI) and Replicative index
publication of 400 cells of each dosage were counted [ (RI) was calculated, no
the OECD (50 first-division cells for culture). significant effect was
GL. observed.

[04.01-MF-003.01]
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mice

doses: 400, 800 and 1,600 ppm

The mutations induced by the
three different doses of DCM
(400, 800 and 1,600 ppm)
were not statistically different
from those in the control at

Method, Test substance, | Relevant information about the | Observations Reference
guideline, study (as applicable)
deviations if
any
Negative control: corn oil
Chromosomal | dichloromethane | CA in lung and bone marrow cells | Positive only at 8000 ppm in | Allen, 1990
aberration 75-09-2 (B6C3F1) bone marrow
Similar to 200-838-9 Five female mice 8-9 weeks old for | FoSitive at4000 and 8000 ppm
OECD TG each group in lung cells.
475 GL Baseline of CAs in lung is
Inhalation 6 hr/d, 5 d/wk, 0, 4000, [ higher than BM, this is
The study 8000 ppm characteristic of lung cells in
was this experimental conditions.
Ee;formed 2 weeks A dose-related increase of CA
efore the .
publication of Positive control: none in lung cells was observed
the OECD Negative control: corn oil both at 4000 and S0.0Qppm,
GL. b}lt o was statistically
significant only at 8000 ppm.
A dose-related increase of CA
in BM was observed only at
8000ppm.
Cytotoxicity: the MI was not
statistically reduced by DCM
exposure. Replication Index
was statistically depressed
only at 8000 ppm in lung cells
but at any dose in BM cells.
Chromosomal | dichloromethane | CA in mice BM (C57BL/6J) Negative for all types of | Westbrook-
aberration 75-09-2 aberrations scored. Collins,
. 200-838-9 Four male mice 3-S-month-old for| , .1 Geath occurred at 1990
Similar to each group . .
OECD TG hlgher doses, .leavmg two
475 Intraperitoneal, 100, 1000, 1500, 2000 | Mice for analysis at the 1500
mg/kg dose and only one at the
mg/ke 2000 mg/kg d
The study mg/ke dose.
was Single dose None of the mice at any DCM
performed dose revealed evidence of a
before the Positive control: Cyclophosphamide | significant elevation in either
publication of 50 mg/kg aberrations per cell or percent
the OECD Negative control: corn oil and |aberrant cells.
TG. untreated mice
Cytotoxicity: Replicative
indices appeared to be
unaffected by DCM exposure.
Gene dichloromethane | B6C3F1 mouse Negative Suzuki,
glil;t-zt;osr;y 75-09-2 inh. 6 h/day, 5 days/wk The Pig-a mutant frequencies 2014
200-838-9 in total RBCs was analysed
6 wk e
No OECD . gfter 3 gnd 6 weeks after initial
TG available Eight to ten 8-week-old male B6C3F1 | inhalation.
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Doses first experiment:
mg/kg DCM;

100, 500

Doses second experiment: 500 and
1000 mg/kg DCM

Hepatocytes were assessed for UDS
via autoradiography 4 (100 and 500

for chemicals whose physical
form is unlikely to lead to their
retention in the
gastrointestinal trac.

The rats exposed to 1000
mg/kg DCM  were also
examined for UDS 12 hours

Method, Test substance, | Relevant information about the | Observations Reference
guideline, study (as applicable)
deviations if
any
The selected exposure concentrations | weeks 3 and 6.
were based on a reproductive experi- Positive control showed the
ment in the factory ) .
Pig-a mutant frequencies at 3
B6C3F1 mice were euthanized under | and 6 weeks were significant-
anesthesia 18 hours after the last|ly higher than those of the
exposure. control (222 + 81 x 10—6 at 3
Blood was collected from each animal weeks, p=0.0076; 2657i 312 x
. . . 10—6 at 6 weeks, p=0.0102,
in weeks 3 and 6 after inhalation of the Steel test, =3)
DCM. ’ '
A flow cytometer and the EXPO32
analysis software were used for data
acquisition. After gating for the single
cell population, about 1,000,000 TER-
119-positive cells were analyzed to
determine the frequency of CD24-
negative red blood cells (RBCs).
Positive control: mice ip.
administered a single dose of with N-
ethyl-N-nitrosourea at 70 mg/kg.
Negative control: the control group
was exposed to filtered air only
Gene dichloromethane | Gpt Delta in liver Negative Suzuki,
mutation, 75-09-2 C57BL/6J mouse liver 2014
transgenic
rodent, 200-838-9 inh. 6 h/day, 5 days/wk, For the gpt assay, more than
Similar to 4 wk 1,500,000 colonies derived
OECD TG from the rescued phages per
488 TG 5 8-week-old male gpt Delta|liver per mouse were
C57BL/6J mice were used in each of [ analysed. Mutant frequencies
the three exposure groups and in the | are shown as means = SD.
control group *p<0.05 vs. control (Dunnett’s
The mice were euthanized under test).
anaesthesia 7 days after the final [ The p-values for the Dunnett’s
inhalation to fix mutation. test: DCM800, p=0.999
Doses: 800 ppm, Weakness of the study: the
Negative control: the control group mutagenicity in the llver. was
. examined at a  single
was exposed to filtered air only. .
concentration.
Unscheduled | dichloromethane | Alpk:AP rat Negative Trueman &
DNA . 75-09-2 Gavage x 1 The oral gavage study gave Ashby,
synthesis, . 1987
200-838-9 . negative results at the 4-hour
2-3 animals of 9-13 weeks-old male sampling  time. which is
Similar to Alpk:AP rats were used for each bane :
. . considered to be the most
OECD TG treatment and time point. . iod of
480 TG appropriate period of exposure
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doses: 2000 and 4000 ppm of DCM

At least 25, but normally 50,
morphologically unaltered cells were
examined per slide and where possible
3 slides per animal.

Negative control: control animals were
similarly exposed to the same
laboratory air supply used for the test
animals.

Positive control: animals were treated
with diethylnitrosamine (DEN) at 102
M  concentration and tritiated
thymidine

hour after exposure) for levels
and timing of exposure.

DCM failed to induce UDS
under the conditions of
exposure employed.

Method, Test substance, | Relevant information about the | Observations Reference
guideline, study (as applicable)
deviations if
any
mg/kg DCM) and 12 hours later (500 | after dosing, and no evidence
and 1000 mg/kg DCM) of activity was apparent.
Negative control: Negative control
animals were similarly exposed to the
same laboratory air supply used for the
test animals.
Positive control: animals were treated
with 40 mgkg of 6BT (6-
dimethylaminophenylazobenzthiazol).
Unscheduled | dichloromethane | F344 rat Negative Trueman &
gllr\llﬁlesis 75-09-2 5-6 Adult 7-8 weeks-old male rats|The data for the inhalation Als9h§)7y ’
’ 200-838-9 were used for each treatment and time | experiments represent the
Similar to point. po?ill.ingf of tv(v;)t idenzt(i)coaé
. studies for rats (1% exp
2);:6CD TG Whole body inh., 2h or 6 h and 4000 ppm DCM at 2 and 6
doses: 2000 and 4000 ppm of DCM [ hours after exposure) for
The assay At least 25, but normally 50, levels and timing of exposure.
was morphologically unaltered cells Were | N failed to induce UDS
performed examined per slide and where possible || o e T e
before the 3 slides per animal. et
publication of . ' exposure employed.
the TG. Negative control: control animals were
similarly exposed to the same
laboratory air supply used for the test
animals.
Positive control: animals were treated
with diethylnitrosamine (DEN) at 10
M  concentration and tritiated
thymidine
Unscheduled | dichloromethane | B6C3F1 mouse liver Negative Trueman &
DNA 75-09-2 . The data for the inhalation Ashby,
synthesis, 5-6 adult 6 weeks-old male mice were . 1987
200-838-9 . . experiments represent the
used for each treatment and time point. . . .
pooling of two identical
. studies for mice (1%t exp 2000
Whole body inh., 2h or 6 h 2nd 4000 ppm DCM atzpand .
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Mechanistic studies in vitro and in vivo

Table 91: Summary table of mechanistic studies in vitro (role of GST or CYP pathway in bacteria)

Type of | Test substance, Relevant information about | Observations Reference
data/report the study (as applicable)
Bacterial dichloromethane Mutagenic activity enhanced | Positive +/- S9 in TA 100 Jongen, 1982
reverse 75-09-2 with rat liver microsomes | Dichloromethane was directly
mutation (CYP metabolism) or [ mutagenic in S. typhimurium
assay in TA [ 200-838-9 cytosolic  fraction  (GST |TA100, mutagenic activity was
100 metabolism). enhanced by addition of
. rat liver microsomes or cytosolic
The study is E . ¢ fracti . hanced
not  OECD nzymic system were | fraction (1.e.. enhance
TG 471 pr§pared from 3months-old | metabolism of d1ch10r0m§thane
. Wistar rats. The homogenates | by CYP and GST, respectively).
compliant .
were centrifuged, and the
supernatant and microsomal
fraction stored separately.
6-hr exposure in enclosed
37°C system.
Doses: 0, 3500, 7000, and
14000 ppm of DCM
Bacterial dichloromethane | The mutagenic activity was | Positive +/- S9 in TA 100 Green, 1983
reverse 75-09-2 enhanced only when rat liver
mutation post-mitochondrial S9|[A significant increase in
Assay in TA [200-838-9 fraction (glutathione | dichloromethane mutagenicity
100 conjugation of DCM) was |could only be achieved by
added and not rat liver|increasing the concentration of
The study is microsomes. post-mitochondrial supernatant.
not OECD Under these conditions the
TG 471 3-day exposure in sealed jars. |increase in mutagenicity was
compliant Doses 0 up to 84,000 ppm derived solely from glutathione
Peak response at 12 h. conjugation of dichloromethane.
Exogenous GST or GSH had
no effect.
Bacterial dichloromethane The NG54 strain was slightly | Positive +/- S9 in TA 100 Dillon, 1992
reverse 75-09-2 1§ss responsive to
mutation dichloromethane  exposure,
Assay in TA [200-838-9 addition of rat liver cytosol
100 GSH wt marginally increased the
and TA 100 mutagenic response to
GSH- dichloromethane, but addition
deficient of GSH had little effect
strain (NG54)
The study is
not OECD
TG 471
compliant
Bacterial dichloromethane This modified strain, showed | Positive in TA 1535 stain —S9 De Marini,
reverse 75-09-2 a positive mutagenic response 1997
mutation to dichloromethane that was
Assay in | 200-838-9 predominantly  (96-100%)
Salmonella due to mutations that were
TA1535 GC—AT transitions. Only
strain that had 15% of the mutations were
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been
modified by
the

cloning of the
rat gene for
GSTT1 into
its genome

The study is
not OECD
TG 471
compliant

gene.

GC—AT transitions in the
TA100 strain, a homologue
strain that lacks the rat GSTT1

Table 12: DNA dama

e in mammalian systems in in vitro studies

Method, guideline, | Test substance, Relevant information about | Observations Reference
deviations if any the study (as applicable)
DNA single-strand | dichloromethane Maximum concentration tested | Positive + S9; —S9 NT | Graves,
breaks, in B6C3Fl 34 pg/mL 1994a
75-09-2
mouse hepatocytes
200-838-9
DNA SSB (single | dichloromethane Maximum concentration tested | Positive + S9, | Graves,
strand  breaks) in 5100 pg/mL negative —S9 1994a
. 75-09-2
Chinese hamster ovary
cells 200-838-9
DNA SSB (single | dichloromethane Maximum concentration tested | Positive +/- S9 Graves and
strand  breaks) in 75-09-2 3975 pg/mL Stronger effects +S9 | Green,
Chinese hamster ovary Doses: 0, 0.25, 0.5, 1 mM DCM 1996
cells 200-838-9 in the presence of mouse liver | Weakness of the
S100 fraction (20% v/v). study: the results are
from a single
experiment.
DNA-protein  cross- | dichloromethane in hepatocytes of: Positive —S9 (+S9 | Casanova,
links 75-09-2 e B6C3F1 mouse NT) in  mouse | 1997
e F344 rats, hepatocytes at 43
200-838-9 e Syrian golden hamsters | Mg/mL
e  human cells
(expressing GSTT1) Negative —S9 in F344
rats at 425 pg/mL
Negative in hamster at
425 ng/mL
Negative —-S9 in
human cells at 425
ug/mL
DNA-protein  cross- | dichloromethane Maximum concentration tested | Positive +/- S9 Graves and
links, Chinese hamster 75-09-2 3975 pg/mL Stronger effects +S9 | Green,
ovary cells (CHO) Doses: 0, 0.25, 0.5, 1 mM DCM 1996
200-838-9 in the presence of mouse liver | Weakness of the
S100 fraction (20% v/v). study: the results are
from a single
experiment.
DNA-protein dichloromethane The highest ineffective | Negative - S9 Hu, 2006
crosslinks, V79 cells concentration was 850 pg/mL
75-09-2
(10mM)
200-838-9

Doses: 0,2.5,5, 10 mM of DCM
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DNA-protein  cross- | dichloromethane The lowest effective | Positive - S9 after | Hu, 2006
link, murine GSTTI1 75-09-2 concentration was at 212 pug/mL | treatment with
transfected (2.5 mM) proteinase K
V79 cells 200-838-9 Doses: 0,2.5,5, 10 mM of DCM
Single-strand  breaks, | dichloromethane The highest ineffective | Negative - S9 Graves,
human primary concentration was tested 5100 1995
75-09-2
hepatocytes pg/mL
200-838-9 Doses: 0- 90 mM of DCM
DNA-protein  cross- | dichloromethane Maximum concentration tested | Negative - S9 Casanova,
link, human 75-09-2 425 ng/mL 1997
hepatocytes
(expressing GSTT1) 200-838-9 Doses: 0-5mM
DNA damage by comet | dichloromethane 10, 100, 1,000 pM Positive, weak trend, | Landi,
assay 75-09-2 independent of GST | 2003
Primary human lung activity (GST
epithelial cells 200-838-9 enzymatic activity not
present in the cultured
cells)
Table 13: DNA damage in mammalian systems in in vivo studies
Method, Test substance, Relevant information Observations Reference
guideline, about the study (as
deviations if applicable)
any
DNA single | dichloromethane | B6C3F1 mouse liver Positive Graves, 1994
strand breaks 75.09-2 inh., 6h
by alkaline doses: 0, 4831 ppm
elution 200-838-9
No OECD
TG available
DNA single [ dichloromethane [ AP rat liver Negative Graves, 1994
strand breaks, .
by alkaline 75-09-2 inh., 6h
elution 200-838-9 doses: 0, 4527 ppm
No OECD
TG available
DNA single | dichloromethane | CD rat liver Positive Kitchin &
strand breaks, 75-09-2 Po, 1 administration Brown, 1994
by alkaline 1275 pg/mL
elution 200-838-9
No OECD
TG available
DNA single [ dichloromethane | B6C3F1 mouse liver Positive Graves, 1995
strand breaks, 75-09-2 inh., 6h Pre- or co-treatment with buthionine
by alkaline doses: 0, 2000, 6000 and |sulfoximine, a GSH-depleting agent,
elution 200-838-9 8000 ppm caused a decrease in DNA damage
No OECD TG
available an increasing dose-
dependent  SSBs  were
observed from 4000 ppm
onwards.
5 animals for control group
3-4 animals for each treated
group
To achieve depletion of
reduced GHS in the liver,
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Method, Test substance, Relevant information Observations Reference
guideline, about the study (as
deviations if applicable)
any
mice were injected with
1g/Kg BSO @i.p.)
immediately before DCM
exposure.
DNA single [ dichloromethane | B6C3F1 mouse lung Positive Graves, 1995
strand breaks 75-09-2 inh., 3h Pre- or co-treatment with buthionine
by . alkaline 200-838-9 doses: 0, 1000, 2000 and sulfoximine, a GSH-depleting agent,
elution 4000 opm caused a decrease in DNA damage
No OECD TG PP,
available
An increasing dose-
dependent  SSBs  were
observed from 2000 ppm
onwards.
To achieve depletion of
reduced GHS in the lung,
mice were injected with
1g/Kg BSO @i.p.)
immediately before DCM
exposure.
DNA single [ dichloromethane | AP rat lung Negative Graves, 1995
strand breaks inh., 3h
by alkaline 75-09-2 doses: 0, 4000 ppm
elution 200-838-9
No OECD TG
available
DNA dichloromethane | male B6C3F1 mouse liver | Negative Suzuki, 2014
damage, 75-09-2 comet assay
measured Eight to ten 8-week-old male
with  Comet | 200-838-9 B6C3F1 for each group
assay
conducted by inh., 6h/day, 5 days/wk, 6wk
using the
protocol doses:0, 400, 800 and 1600
recommended ppm,
by the
Japanese For each sample, at least 100

Center for the
Validation of

cells were scored.
The tail intensity (TI) was

Alternative measured for each nucleus
Methods scored.
DNA-protein | dichloromethane | B6C3F1/CrIBR mouse Positive in liver Casanova,
cross-links 1992
75-09-2 Liver and lung Negative in lung
200-838-9

Groups of three mice were
pre-exposed for 2 days (6
hr/day) to 4000 ppm (for four
experiments) of unlabelled
DCM.

On the third day, the animals
were exposed for 6 hr to
[“C]DCM.
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Method,
guideline,
deviations if
any

Test substance,

Relevant information
about the study (as
applicable)

Observations

Reference

inh., 6 h/day, 3 days

doses: 0, 4000 ppm,

DNA-protein
cross-links,

dichloromethane
75-09-2
200-838-9

Syrian hamster,
liver and lung

one hamster were pre-
exposed for 2 days (6
hr/day), On the third day, the
animals were exposed for 6
hr to [“C]DCM.

inh., 6 h/day, 3 days,
doses: 0, 4000 ppm,

Negative in liver and lung

Casanova,
1992

DNA-—protein
cross-links,

dichloromethane
75-09-2
200-838-9

male B6C3F1/CrIBR mouse
Liver

Groups of three mice and one
hamster or groups of nine
mice were preexposed for 2
days (6 hr/day) to selected
concentrations of unlabelled
DCM.

Preexposure concentrations
were 144, 491, 1518, 2587
and 4017 ppm.

On the third day, the animals
were exposed for 6 hr to
['“C]DCM at a concentration
very similar to that used for
the preexposures.
Concentrations of
[14C]DCM used in the final
exposure were: 146, 498,
1553, 2599, and 3923 ppm.

inh., 6 h/day, 3 days

Positive

A concentration-dependent increase
in DPX formation was observed at
concentrations ranging from 498 to
3923 ppm.

Casanova,
1996

DNA-—protein
cross-links,

dichloromethane
75-09-2
200-838-9

Syrian golden hamster,

Liver

Preexposure concentrations
were: 491, 1518 and 4017
ppm.

On the third day, the animals
were exposed for 6 hr to
['“C]DCM at a concentration
very similar to that used for
the preexposures.
Concentrations of ['“C]DCM
used in the final exposure
were: 498, 1553 and 3923

Negative

DNA-protein cross-links were not
detected in the livers of hamsters
exposed to the same exposure
atmosphere as mice.

Casanova,
1996
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Method, Test substance, Relevant information Observations Reference
guideline, about the study (as
deviations if applicable)
any
inh., 6 h/d, 3 days
Sister- dichloromethane | B6C3F1 mouse lung cells Positive Allen, 1990
chromatid 75-09-2 inh., 6 h/day, 5 days/ wk;
exchange, 12wk
200-838-9
doses: 0, 2000 ppm
Sister- dichloromethane | B6C3F1 mouse bone marrow | Negative Allen, 1990
chromatid 75.09-2 Doses: 0, 2,500, or 5,000
exchange, mg/kg DCM in corn oil, sc X
200-838-9 1
Sister- dichloromethane | C57BL/6J]  mouse  bone | Negative Westbrook-
chromatid marrow Collins, 1990
75-09-2
exchange,

4 Male 3-5-month-old
C57B1/6] mice for each dose

group
Doses: 0, 100, 1000, 1500

and 2000 mg/kg (ug/mL), ip
x 1

200-838-9

No data are available for germ cell mutagenicity.

10.8.1 Short summary and overall relevance of the provided information on germ cell
mutagenicity

Summary of the in vitro data

DCM was mutagenic in S. typhimurium strains TA 98 and TA 100 with and without metabolic
activation, but not in strains TA 1535, 1537, and 1538, in a key study performed before the publication
of the OECD 471, but whose conduct was compatible with OECD recommendations (Gocke, 1981).
Some in vitro mechanistic studies were conducted with the aim to clarify the role of metabolism in
the activation of the formation of the reactive intermediate(s). These studies showed that the
mutagenic effect is expressed also when GSTT1 pathway is not prevalent or is even absent (Green,
1983; Jongen, 1982; Gocke, 1981; Jongen, 1978).

The induction of gene mutations was also analysed in mammalian cell systems. No increase in the
mutant frequency was found in Chinese hamster epithelial (V79) or ovary (CHO) cells in a HPRT
assay after one hour exposure to 0.5 -5% (v/v) DCM without metabolic activation. The reliability of
this study was limited by a short exposure time and the lack of metabolic activation (Jongen, 1981).
DCM was mutagenic in CHO cells at the Hprt locus in one study, in the presence of exogenous
metabolic activation (Graves & Green, 1996), and gave equivocal results in the mouse lymphoma
Tk*~ assay in another study (Myhr, 1990). DNA sequence analysis of the Hprt mutants of CHO cells
treated with DCM indicated that 4 out of 8 mutations were GC—AT transitions, two were GC—CG
transversions and two AT—TA transversions. This pattern was more similar to that of 1,2-
dibromoethane (ethylene dibromide) (IARC,1999) (7 out of 9 being GC—AT transitions) than that
of formaldehyde, a metabolite of DCM, that has been identified in vitro, for which all mutations were
single base transversions and 5 out of 6 arose from AT base pairs (Graves, 1996). The only gene
mutation study available in mouse lymphoma L5178Y cells showed ambiguous results (Myhr, 1990).
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Chromosomal aberrations were observed in CHO cells in the presence and absence of an exogenous
metabolic system (Thilagar & Kumaroo 1983), while negative results were reported in an other study
(Anderson, 1990) (see table 9).

Induction of micronuclei was reported in several in vitro studies. In a study (Doherty, 1996)
micronuclei induced by DCM were both kinetochore-positive and negative, which is an indication of
a mixed mechanism, including both aneuploidy and clastogenicity. On the contrary, a prevalence of
kinetochore-negative micronuclei (clastogenicity) were reported in human MCL-5 cells that stably
express cDNA encoding human CYP1A2, CYP2A6, CYP3A4, CYP2E1 and epoxide hydrolase, and
in h2E1 cells, which contains a cDNA for CYP2E1l. An increased frequency of micronucleus
formation was observed in MCL-5 and h2E1 cell lines but not in the parental cell line AHH-1 (only
expressing CYP1A1). This study shows that metabolically competent cell lines expressing human
cytochrome P450 isoenzymes can metabolize halogenated hydrocarbons, such as DCM to genotoxic
species (Doherty, 1996).

Summary of the in vivo data

DCM did not induce micronucleus formation in vivo in the bone marrow of mice treated by gavage
or intraperitoneal injection (Gocke, 1981; Sheldon, 1987; Morita, 1997). Mice treated with DCM
trough inhalation at 2000 ppm (6940 mg/m?3) for 6 hours per day, 5 days per week, for 12 weeks
showed an increased frequency of micronuclei in peripheral blood erythrocytes (Allen, 1990). The
highest dose tested (8000 ppm, 6 hours per day, 5 days per week, for 2 weeks) gave positive results
in erythrocytes and lung cells, but negative results in bone marrow. On the other hand, DCM did not
cause micronucleus formation in male B6C3F1 mice exposed at 400, 800 and 1600 ppm by inhalation
for 6 weeks (6 hours per day, 5 days per week) (Suzuki, 2014).

DCM did not cause chromosomal aberration in vivo in bone marrow of mice treated by intraperitoneal
or subcutaneous injection (Westbrook-Collins, 1990; Allen, 1990). A small increase in the frequency
of chromosomal aberration in mouse bone marrow and lung cells was reported after exposure to DCM
at 8000 ppm by inhalation for 6 hours per day, 5 days per week, for 2 weeks (Allen, 1990). Negative
results were also reported in an assay for chromosomal aberration in rat bone marrow (Burek, 1984).
No gene mutations were observed in the following two experiments after inhalation exposure to
DCM: a Pig-a assay in the erythrocytes of peripheral blood of male B6C3F1 mice exposed to DCM
at 400, 800, or 1600 ppm for 6 weeks (6 hours per day, 5 days per week); and a transgenic rodent
gene mutation assay on Gpt Delta C57BL/6J mice treated for 4 weeks (6 hours per day, 5 days per
week) with DCM at 800 ppm (Suzuki, 2014) where liver cells were analysed.

DCM did not induce unscheduled DNA synthesis in vivo in Fischer 344 rats treated by gavage or
inhalation, or in B6C3F1 mouse hepatocytes treated by inhalation (Trueman & Ashby, 1987).

Mechanistic studies in vitro and in vivo

Two major metabolic pathways for the metabolism of DCM have been characterized in humans and
experimental animals (as reported in the Toxicokinetic section). One pathway is CYP2E1-mediated
reductive dehalogenation, which ultimately generates CO and CO, as stable end products. One of the
intermediates, formyl chloride, can react with nucleophiles. GSH conjugation, catalysed primarily by
GSTTI, is another important metabolic pathway of DCM, resulting in the formation of reactive
metabolites, including formaldehyde and S-chloromethyl GSH.

The relationship between the metabolism (CYP and GST pathways) of DCM and mutagenicity has
been examined in several studies with various assays for bacterial mutation as also reported in the
IARC monograph 110 (IARC, 2017). In a study (Jongen, 1982), for example, it is showed that while
DCM was directly mutagenic in S. typhimurium TA100, the mutagenicity was enhanced by addition
of rat liver microsomes or cytosolic fraction. This implicates enhanced metabolism of DCM by CYP
and GST, respectively. In contrast, in another study (Green, 1983) the mutagenicity of DCM was
tested in the same S. fyphimurium strain and an increase in mutagenic activity was observed only
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when rat liver post-mitochondrial S9 fraction was added, but not when rat liver microsomes were
used.

In summary, the observed in vitro mutagenicity of DCM cannot be univocally attributed to a specific
metabolic pathway (Jongen, 1982; Green, 1983; Dillon, 1992; De Marini, 1997, see table 11).

DCM was also tested for its ability to induce DNA damage measured by comet assay in vitro (see
table 12). The frequency of DNA single-strand breaks was increased in mice B6C3F1 hepatocytes
without metabolic activation (Graves, 1994) and in CHO cells cultured with DCM in the presence,
but not in the absence, of an exogenous metabolic activation system (Graves, 1994). In the Graves
and Green study, the effects were stronger with metabolic activation. Conversely, DNA single-strand
breaks were not induced in Syrian hamster hepatocytes (Graves, 1995).

DCM induced DNA-—protein cross-links in vitro in hepatocytes of male B6C3F1 mice, but not in
hepatocytes of Fischer 344 rats or Syrian hamsters (Casanova, 1997). DNA—protein cross-links were
also induced in CHO cells exposed to DCM with or without exogenous metabolic activation, with
DNA damage being greater in the presence of metabolic activation (Graves & Green, 1996). A
standard and proteinase K-modified comet assay to measure DNA damage and DNA-protein
crosslinks in V79 cells transfected with the murine GSTT1 gene (V79 mGSTT1) and in parental V79
cells is also available. DCM induced DNA damage in both cell types. However, the study showed the
presence of DCM-induced DNA—protein crosslinks in the V79 mGSTT1 cell line and not in standard
V79 cell line, which indicates that the induction of DNA—protein crosslinks is associated to GSTT1
pathway (Hu, 2006).

Genotoxicity data are also available in human cells. DCM did not induce DNA single strand breaks
in human primary hepatocytes (Graves, 1995); no induction of DNA—protein cross-links in vitro was
observed in human hepatocytes with functional GSTT1 genes after treatment with DCM (Casanova,
1997).

The induction of SCEs was investigated in a study conducted in human peripheral blood lymphocyte
cultures, showing a role of GSTT1 (Landi; 2003).

In addition, several studies to detect DNA damage also in vivo are available for DCM.
DNA-—protein cross-links were induced in vivo in the liver, but not in the lung of B6C3F1/CrIBR mice
exposed trough inhalation to DCM (Casanova, 1992). No DNA—protein cross-links were detected in
Syrian hamster liver or lung after inhalation of DCM (Casanova, 1992). DNA—protein cross-links
were not induced in the liver of Syrian golden hamsters but were observed in the liver of
B6C3F1/CrlBR mice treated with DCM by inhalation (Casanova, 1996).

In a study in vivo, mice treated with DCM at 2000 ppm [6940 mg/m?] for 6 hours per day, 5 days per
week, for 12 weeks showed an increased frequency of SCEs in lung cells (Allen, 1990). Exposure to
higher concentrations (8000 ppm -27800 mg/m3- for 2 weeks) also induced an increase in the
frequency of SCE in peripheral blood erythrocytes. DCM did not induce SCE in bone marrow of mice
treated by intraperitoneal or subcutaneous injection (Westbrook-Collins, 1990; Allen, 1990).
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10.8.2 Comparison with the CLP criteria

Table 14: Results of in vitro and in vivo mutagenicity data in comparison to the CLP criteria

Toxicological results

CLP criteria

No evidence is available in human. Thus, a
classification category 1A is not appropriate for
DCM.

The classification in Category 14 is based on
positive evidence from human epidemiological
studies.

Testing in vitro:

Bacterial mutation assays: positive

Tests involving mammalian cells: negative for gene
mutation; positive for clastogenicity, preferentially
liked to GST-mediated metabolism although a role
of P450-mediated metabolism cannot be excluded
(Casanova, 1997), positive MN and SCE results
were reported in human cell lines or isolated cells, in
particular in one study, the extent of SCE was greater
in cells from individuals without GST activity
(Hallier, 1993), in another study, by contrast, the
extent of SCE was greater in cells from individuals
with high GSTT1 activity (Olvera-Bello, 2010);
DNA damage measured as DNA-protein crosslinks,
SSBs and UDS gave negative results.

Testing in vivo (experiments in mammals):

In somatic cells (MN assays):

- DCM was not able to induce MN iz vivo in bone
marrow.

- Positive results were reported at high concentration
in MN in vivo in erythrocytes and lung cells, after
treatment via several routes of exposure (oral,
inhalation) (Allen, 1990).

- Negative results were also reported in chromosomal

aberration in BM after ip administration or
subcutaneous injection in mice and in rat
(Westbrook-Collins, 1990; Allen, 1990; Burek,
1984).

- A small increase in the frequency of chromosomal
aberration in mouse bone marrow and lung cells was
reported after exposure to DCM at 8000 ppm by
inhalation for 6 hours per day, 5 days per week, for 2
weeks (Allen, 1990).

- No gene mutations were observed in the following
two experiments after inhalation exposure to DCM:
a Pig-a assay in the erythrocytes of peripheral blood
of male B6C3F1 mice exposed to DCM at 400, 800,
or 1600 ppm for 6 weeks (6 hours per day, 5 days per
week); and a transgenic rodent gene mutation assay
on Gpt Delta C57BL/6J mice treated for 4 weeks (6
hours per day, 5 days per week) with DCM at 800
ppm (Suzuki, 2014) where liver cells were analysed.
- The UDS in vivo in Fischer 344 rats treated by
gavage or inhalation, and in B6C3F1 mouse
hepatocytes treated by inhalation (Trueman &
Ashby, 1987) after DCM treatment were also
negative.

The classification in Category 1B is based on:

— positive result(s) from in vivo heritable germ cell
mutagenicity tests in mammals; or

— positive result(s) from in vivo somatic cell
mutagenicity tests in mammals, in combination with
some evidence that the substance has potential to
cause mutations to germ cells. It is possible to derive
this supporting evidence from
mutagenicity/genotoxicity tests in germ cells in vivo,
or by demonstrating the ability of the substance or its
metabolite(s) to interact with the genetic material of
germ cells; or

— positive results from tests showing mutagenic
effects in the germ cells of humans, without
demonstration of transmission to progeny; for
example, an increase in the frequency of aneuploidy
in sperm cells of exposed people.
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Due to the absence of studies showing positive
results in germ cells, the classification as Muta cat
1B is not appropriate for DCM.

Mechanistic studies

As reported in the mechanistic studies, the GST or
CYP metabolism mediated pathways could affect
differently the genotoxicity through species. In
general, in the in vivo genotoxicity studies the
strongest responses were observed in mouse lung and
liver tissues with the greatest rates of GST
metabolism and the highest susceptibility to DCM-
induced tumours.

The available data demonstrated a clear correlation
between the observed genotoxicity in vitro and in
vivo and the activity of GST pathway, but a role of
P450 metabolic pathway in the induction of
genotoxic effects cannot be ruled out. Moreover, it is

The classification in Category 2 is based on:

— positive evidence obtained from experiments in
mammals and/or in some cases from in Vitro
experiments, obtained from.

— somatic cell mutagenicity tests in vivo, in
mammals; or

— other in vivo somatic cell genotoxicity tests which
are supported by positive results from in vitro
mutagenicity assays.

Note: Substances which are positive in in vitro
mammalian mutagenicity assays, and which also
show chemical structure activity relationship to
known germ cell mutagens, shall be considered for
classification as Category 2 mutagens.

important to note that, as reported in a study
(Crebelli, 1999), the halogenated hydrocarbons (such
as DCM) are not very effective in inducing
micronucleus formation in mouse bone marrow,
therefore a negative bone marrow micronucleus
assay is not sufficient to rule out the concern raised
by the consistently positive in vitro results.

In conclusion, the available data show evidence of
genotoxicity both in vitro and in vivo. In particular,
it is noted that the effects observed in vivo were in
association with metabolic pathway operative also in
humans.

Thus, based on these results, the classification
mutagen category 2 is considered appropriate for
DCM.

10.8.3 Conclusion on classification and labelling for germ cell mutagenicity

DCM has been assessed for genotoxicity in a variety of in vitro assays in bacterial and mammalian
cells. DCM induces gene mutations in bacteria, but not in mammalian cells in vitro. Evidence of
clastogenicity in vitro was reported. This evidence was preferentially linked to GST-mediated
metabolism, although a role of P450 mediated metabolism cannot be excluded (Casanova, 1997). In
human cell lines or cells isolated ex vivo DCM induced micronucleus formation and SCEs (Hallier,
1993; Doherty, 1996; Olvera-Bello, 2010), while studies on DNA—protein cross-links, DNA single-
strand binding proteins (SSBs), and unscheduled DNA synthesis gave negative results (Jongen, 1981;
Graves, 1995; Casanova, 1997). In one study, the extent of SCEs was greater in cells from individuals
without GST activity (Hallier, 1993). In another study, by contrast, the extent of SCEs was greater in
cells from individuals with high GSTT1 activity (Olvera-Bello, 2010).

DCM was also tested in several in vivo studies. DCM was not able to induce MN in vivo in bone
marrow. Positive results were reported at high concentration in erythrocytes and lung cells, after
treatment via several routes of exposure (oral, inhalation) (Allen, 1990). Moreover, it is important to
note that, as reported in a study (Crebelli, 1999), the halogenated hydrocarbons (such as DCM) are
not very effective in inducing micronucleus formation in mouse bone marrow, therefore a negative
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bone marrow micronucleus assay is not sufficient to rule out the concern raised by the consistently
positive in vitro results.

As reported in the mechanistic studies, the GST or CYP metabolism mediated pathway could affect
differently the genotoxicity trough species. In general, in the in vivo genotoxicity studies the strongest
responses were observed in mouse lung and liver tissues with the greatest rates of GST metabolism
and the highest susceptibility to DCM-induced tumours.

The available data demonstrated a clear correlation between the observed genotoxicity in vitro and in
vivo and the activity of GST pathway, but a role of P450 metabolic pathway in the induction of
genotoxic effects cannot be ruled out.

Altogether, the available data show evidence of genotoxicity both in vitro and in vivo. In particular,
it is noted that the effects observed in vivo were in association with metabolic pathway operative also
in humans. Then, a classification as mutagen category 2, H341 is warranted.
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10.9 Carcinogenicity

Table 15: Summary table of animal studies on carcinogenicity

50 or 60 mice/
group

oral: gavage

Excess mortality (P < 0.01) was observed in male mice exposed
to the lowest and highest dose.

Method, Test substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
Carcinogenicity | dichloromethane Males: Serota,
study mouse 75-09-2:200-838-9 An increased incidence of hepatocellular carcinoma at the [ 1986
(B6C3F1) ’ highest dose compared with the first control group was
male/female Purity 99% observed. All tumours were in the range of the historical control.
50 male/50 oral: drinking
female per dose water Doses 01 | 02" | 60 125 185 250
Sronp Doses/Concentrati ;‘1 g/l:g bFIV)l 6/60 4/65 20/200 | 14/100 | 14/99 | 15/125
. . epatocellular
Age: 7 weeks (1)22 35?) 50,125, 1\ ienoma %) | (10) | (6) a0y | a4 | a4 | a2
Equivalent I' ’ Hepfitocellular 5/60 9/65 33/200 | 18/100 | 17/99 23/125
quivale or| (recovery, 18 carcinoma (%) | (8) as  |an |asy |an | as*
similar to OECD | months exposure), | ~corbined ) | 11/60 | 13/65 | 517200 | 307100 | 3199 | 35/125
TG 451 Basis: nominal in (18) (20) (26) (30) 31 (28)
Reliability 2 with water *p=0.0114 (250 mg/kg vs control 1)
restrictions Vehicle: water No significant exposure related trend in survival was found in
(Klimisch score) | Doses: 0, 60, 125, | males.
supporting study, | 185, 250
experimental mg/kg/bw/day Females:
study (recovery, 18 Hepatocellular adenoma or hepatocellular adenocarcinoma
months exposure) | significantly increased, but in the range of historical controls.
Basis: Significant trend towards longer survival was observed in
: females.
nominal conc.
Doses/Concentrati | gjstorical controls for hepatocellular adenoma or carcinoma
(1)r71§: 02’3461’ 1/213, (combined): mean, 32.1%; range, 7-58%
) mg/kg
bw/day (males)
Basis: actual
ingested
Doses/Concentrati
ons: 0, 59, 118,
172, 238 mg/kg
bw/day (females)
Basis: actual
ingested
Exposure: 104
weeks (daily)
Carcinogenicity | dichloromethane Males: Maltoni,
study in mice 75-09-2 Pulmonary adenomas or adenocarcinomas (combined) in mice 1988
(Swiss) that died at 78 weeks: 1/14 (7%), 4/21 (19%), 7/24 (29%)*
200-838-9 Pulmonary adenomas or adenocarcinomas (combined) at end of
Male/female experiment: 5/50 (10%),5/50 (10%), 9/50 (18%).
Age: 9 weeks Purity 99% *p<0.05
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*P <0.001 (trend)?
**P < (.001

***P < (.04
ancidental tumour test

Survival of male and female mice exposed to methylene chloride
was reduced during the second year of the studies.

Method, Test substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
Doses/concentratio
Equivalent to|n: 0, 100 or 500
carcinogenicity | mg/kg bw/day in | Females:
test (lifetime) olive oil by gavage | No treatment-related increase in the incidence of any tumour
type in females.
Vehicle: olive oil
Excess mortality was observed in female mice exposed at lowest
Reliability 3 | Groups of 60 male |[and highest dose.
(Klimisch score) |and 60 female
supporting study, | mice
experimental Limits:
study dE:}IZO;;lrrZ' (;)rn;: Z:;; Due to an excess of mortality, at the highest QOse the time of
per week, for 64 exposure was only 64 weeks and the study was interrupted at 78
weeks (daily). weeks (instead of 104).
Kept under
observation for
lifespan
Carcinogenicity | dichloromethane | Males: NTP, 1986
study in mice 75-09-2 Mennear,
(B6C3Fl) 200-838-9 Concentration (ppm) 0 2000 4000 1988
Bronchiolo-alveolar adenoma 3/50 (6%)* | 19/50 24/50
Age: 8-9 weeks | Purity 99% (%) G8%)** | (48%)**
old Bronchiolo-alveolar 2/50 (4%)* | 10/50 28/50
inhalation: vapour carcinoma (%) Q0%)*** | (36%)*™*
male/female (whole body) Hepatocellular adenoma (%) 220(;?/?) (1249/?2) (1;4401/?)
Groups of 50 Doses/Concentrati Hepatocellular carcinoma (%) (1236/2/?) (135 1@/?) (2563/1‘/?)***
male and 50 ons: 0, 2000, and Hepatocellular adenoma or 22/50 24/49 33/49
female 4000 ppm carcinoma (Combined) (%) | (44%)* (49%) (67%) %+
*P <0.001 (trend)?
Equivalent or Doses/Concentrati | #+p < (.001
similar to OECD | ons: 0,2009, and [ ***P < .05
TG 3982 ppm aIncidental tumour test
451 (analytical conc.) | Females:
Reliability 2; key | Vehicle: no vehicle || Concentration (ppm) 0 2000 4000
study Bronchiolo-alveolar adenoma | 2/50 (4%)* | 23/48 28/48
Exposure: 102 ) (@8%)™ | (58%)**+
weeks (6 h/d, 5 Broqchiolo—alveolar 1/50 2%)* | 13/48 29/48
d /W) carcinoma (%) (26%)** (58%)**
Hepatocellular adenoma (%) 2/50 (4%)* | 6/48 (13%) | 22/48
(46%)**
Hepatocellular carcinoma(%) 1/50 2%)* | 11/48 32/48
(23%)**% | (67%)**
Hepatocellular adenoma or 3/50 (6%)* | 16/48 40/48
carcinoma (Combined) (%) (33%)*** (83%)**

[04.01-MF-003.01]

34




CLH REPORT FOR DICHLOROMETHANE

b Likelihood ratio score test
Statistical analysis applied to combined incidence only.

Method, Test  substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
Carcinogenicity | dichloromethane Females Kari, 1993
study in mouse:
B6C3F, 75-09-2 Lung effects
200-838-9 Concentration/ time ™51 chiolo- Bronchiolo- Combined
Age: 8-9 weeks of exposure alveolar alveolar
. o adenoma carcinoma
old Purity 99% 0 ppm for 104 wk 1/67 (1%) 4/67 (6%) 5/67 (1%)
Female ) 2000 ppm 26 wk/0 8/68(12%) 17/68 (25%) 21/68
Inhalation: ppm 78 wk (31%)*
. 0 ppm 78wk/2000 0/67 3/67 (4% 3/67 (4%
68 mice/group 6 h/days, 5 p;?rg e (4%) (4%)
. . days/wk: 2000 ppm 52 wk/0 | 12/63 (19%) 36/63 (57%) 40/63
inhalation: ppm 52 wk (63%)*
0 ppm for 104 wk
vapour 0 ppm 52 wk/2000 5167 (1%) 6/67 (9%) 10/67
(whole body) 2000 ppm 26 wk/0 || ppm 52 wk (15%)
ppm 78 wk 2000 ppm 78 wk/0 19/68 (28%) 25/68 (37%), 38/68
Equivalent or ppm 26 wk (56%)*
similar to OECD | 0 ppm 78 wk/2000 | 79 5pm 26 wk/2000 7/67 (10%) 7/67 (10%), 13/67
TG ppm 26 wk ppm 78 wk (19%)**
451 2000 ppm 104 wk 18/67 (27%) 31/67 (46%) 42/67
2000 Is)gm,kSZ wk/0 (63%)*
oy m, 52 w
Reliability 2; key PP
study 0 ppm, 52 wk/2000
ppm, 52 wk Liver effects
QOncentratlon/ Hepatocellular Hepatocellular Combined
2000 ppm, 78 wk/0 || time of exposure adenoma carcinoma
0 ppm for 104 wk 8/67 (12% 11/67 (16% 18/67 (27%
ppm, 26 wk pp (12%) (16%) (27%)
0 pom. 26 wk/2000 || 2000 ppm 26 wki0 | 16/68 (24%) 14/67 (21%) 27/67 (40%)
pp 7’ 8 wk ppm 78 wk
ppm, /6w 0 ppm 78wk/2000 | 16/67 (24%) 13/67 (19%) 23/67 (34%)
2000 ppm, 104 wk || ppm 26 wk
2000 ppm 52 wk/0 14/64 (22%) 18/64 (28%) 28/64
ppm 52 wk (44%)**
0 ppm 52 wk/2000 | 9/67 (13%) 12/67 (18%) 21/67 31%)
ppm 52 wk
2000 ppm 78 wk/0 | 28/68 (41%) 25/68 (37%) 42/68 (62%)*
ppm 26 wk
0 ppm 26 wk/2000 17/67 (25%) 20/67 (30%) 32/67
ppm 78 wk (48%)**
2000 ppm 104 wk 24/68 (35%) 35/68 (51%) 47/68 (69%)*
*P <0.01°
**P <0.05
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Method, Test  substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
Reduced latency of liver and lung carcinomas is reported in the
table below:
Carcinomas incidence
weeks of Lung Liver
exposure
Treated Control Treated control
13 0/20 0/10 0/10 0/10
26 0/20 0/10 0/20 0/10
52 120 0/10 6/20 0/10
68 2/20 0/11 4726 0/11
75 3/20 1/10 9/20 0/10
78 4/19 1/10 7/19 0/10
83 4/20 2/10 6/20 1/10
91 8/30 0/15 10/30 1/15
The numbers in bold indicate the reduced latency for lung and
liver tumour in mice. The first observation of tumour occurrence
in lung was at 52 weeks compared to 75 weeks reported in the
control; also in the liver, the first tumour appeared at 52 weeks
compared to 83 weeks reported in the control mice.
Survival was reduced compared with controls in groups exposed
to DCM for 52, 78, or 104 weeks.
Carcinogenicity | dichloromethane JBRC,
study in mouse: 75-09-2 Males 2000a,
Crj:BDF1 Concentration (ppm) Aiso, 2014
200-838-9 Type of tumour 7y 1000 2000 4000
Age: 8-9 weeks Bronchiolo-alveolar 7/50 3/50 4/50 14/50
old Purity 99% adenoma (%) (14%)* | (6%) (8%) (28%)
Bronchiolo-alveolar 1/50 14/50 22/50 39/50
Males and Doses/Concentrati | |_careinoma (%) 2%)* (28%)** | (@4%)** | (78%)*
females ons: 0. 1000. 2000 Bronchiolo-alveolar 8/50 17/50 26/50 42/50
d 4600 ’ > || adenoma or carcinoma (16%)* (Ba4%)*** | (52%)** | (84%)**
_ an ppm (Combined)
50 mice/group Hepatocellular adenoma | 10/50 13/50 14/50 15/50
Inhalati (%) (20%)* (26%) (28%) (30%)
Equivalent or nhalation Hepatocellular 10750 9/50 14/50 20/30
similar to OECD carcinoma(%) (20%)* | (18%) (28%) (40%)
Guideline Exposure: 104 || Hepatocellular adenoma | 15/50 20/50 25/50 29/50
or carcinoma (30%)* (40%) (50%)*** | (58%)%+**
451 weeks (6 h/d, 5 (Combined) (%)
Reliabilit 2. k d/w) Liver haemangioma 0/50 4/50 3/50 5/50
eliability 2, key (%) (8%) (6%) (10%)***
study Adrenal gland 1/50 0/50 1/50 3/50
pheochromocytoma (%) | (2%)**** (2%) (6%)
Haemangioma (all 1/50 5/50 6/50 7/50
organs) (%) 2%)**** | (10%) (12%) (14%)*x*
*P <0.001 (trend)c
**P <0.001
*¥**P <0.05
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Exposure: 3x wk;
24, 17, 17 or 16
times

Method, Test substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
***¥P < (.05 (trend)
Survival: survival rates in males exposed to 2000 and 4000 ppm
were decreased (76%, 70%, 52% and 40 respectively at 0, 1000,
2000 and 4000 ppm, no statistical analysis reported).
Females
Concentration (ppm)
Type of tumour 0 1000 2000 4000
Bronchiolo-alveolar 2/50 4/50 5/49 12/50
adenoma (%) (4%) (8%) (10%) (24%)**
Bronchiolo-alveolar 3/50 1/50 8/49 20/50
carcinoma (%) (6%)* (2%, (16%), (40%)**
Bronchiolo-alveolar 5/50 5/50 12/49 30/50
adenoma or carcinoma (10%)* (12%) (24%)*** | (60%)**
(Combined)
Hepatocellular adenoma | 1/50 7/49 4/49 16/50
(%) (2%)* (O%)*** | (8%) (32%)**
Hepatocellular 1/50 1/49 5/49 19/50
carcinoma(%) (2%)* (2%) (10%) (38%)**
Hepatocellular adenoma | 2/50 8/49 9/49 30/50
or carcinoma (4%)* (16%)*** | (18%)*** | (60%)**
(Combined) (%)
Liver haemangioma or 3/50 2/49 0/49 7/50
heamangiosarcoma (6%)**** | (4%), (14%)
(combined) (%)
*P <0.001 (trend)c
**P <0.001
P < 0,05
*#**P < (.01 (trend)
Note: the trend test for Liver haemangioma or heamangiosarcoma is
statistically significant (P < 0.01).
Survival: survival rates in females exposed to 2000 and 4000
ppm were decreased (52 %, 52%, 34% and 42% respectively at
0, 1000, 2000 and 4000 ppm, no statistical analysis reported).
Carcinogenicity | dichloromethane Multiplicity of bronchiolo-alveolar tumours: 0.27, 0.94, 0.80, | Theiss,
study in mice 0.50, Not Statistically significant. 1977
. 75-09-2
strain A
200-838-9 No tumour incidence provided.
Males
Purity >95% Histopathological examination of the lung only. Full
Age: 6-8 weeks histopathology not performed.
Doses/Concentrati
20 or 50 ons: 0, 160, 400 | Survival: 47/50, 18/20, 5/20, 12/20.
mice/group and 800 mg/kg bw
Reliability 4 Intraperitoneally
injection
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6,52, 125, 235,
232 (recovery, 18
months
exposure) mg/kg
bw/day (males)
Basis: actual
ingested

Doses /
Concentrations: 0,
6, 58, 136,
263,269
(recovery, 18
months exposure)
mg/kg bw/day
(females)

Basis: actual
ingested

Interim
terminations were
carried out at 26,
52, and 78 weeks
in control group 1
and in the groups
at the lowest,
intermediate, and
highest dose, such
that 50 males and
50 females per
group received

NS?2

2 Cochran-Armitage, y? test

Two vehicle-control groups were run concurrently.

8 wk followed by 26 wk without DCM treatment, to determine
whether any toxicity was reversible with time.

Females:
Liver effects

Concentration Hepatocellular Hepatocellular Combined
mg/kg bw adenoma carcinoma
0 (control 1) 0/85 0/85 0/85°%*
0 (control 2) 0/50 0/50 0/50
5 1/85 (1%) 0/85 1/85 (1%)
50 2/83 (2%) 2/83 (2%) 4/83 (5%)**
125 1/85 (1%) 0/85 1/85 (1%)
250 (highest dose) 4/85 (4%) 2/85 (2%) 6/85 (7%)**
250 (recovery 2/25 (8%) 0/25 2/25 (8%)**
dose)

NS

aCochran-Armitage, ? test

NS

*P=0.041 (trend)

** P<0.05

Hepatocellular adenoma or hepatocellular adenocarcinoma
significantly increased, but in the range of historical controls.

Method, Test  substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
Carcinogenicity | dichloromethane Survival: No significant exposure related trend in survival was | Serota,
study in rat 75.09-2 found in males and females. 1986b
(Fischer 344 ) el
200-838-9 Males:
male/female Purity 99%
Liver effects
25-85 male and | oral: drinking Concentration Hepatocellular Hepatocellular Combined
female  Fischer | water mg/kg bw adenoma carcinoma
344 rats 0 (control 1) 4/85 (5%) 2/85 (2%) 6/85 (%)
Doses/Concentrati || 0 (control 2) 5/50 (10%) 2/50 (4%) 7/50 (14%)
age:7 weeks ons: 0, 0, 5, 50,
125,250 (highest 5 2/85 (2%) 0/85 2/85 (2%)
Exposure: 104 dose) 250 > -
weeks (daily) (recovery group 18 20 3/84 (3%) 0784 3/84 (3%)
%nggn%% to g‘ggg?ig’;ﬂi;‘;re) 125 3/85 (3%) 1/85 (1%) 3/85 (3%)
451 conc. in water 250 (highest dose) 185 (1%) 025 2/85 (2%)
Rel(iabﬂity 2, key | Doses 250 (recovery dose) | 4725 (16%) 4/25 (16%)
study /Concentrations: 0,
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NR

Survival:

No exposure-related effect on mortality was observed in male
rats while mortality was significantly increased among females
at the highest dose.

Method, Test substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
treatment for 104 | The average historical incidences of neoplastic nodules and
weeks. hepatocellular carcinomas were 6.3 and 1.7%, respectively.
Exposure: 104
weeks (daily)
Carcinogenicity | dichloromethane Males and females: Maltoni,
study in rats 1988
(Sprague- 75-09-2 No significant differences in tumour incidence between control
Dawley) 200-838-9 and treated rats both in males and females.
Male/female Purity 99.9% .
Survival:
Age: 13 weeks Oral: gavage in Excess mortality was observed both in females and male rats at
5470 male and olive oil. the highest dose (P < 0.01).
ferr;ﬁlle rats/ Doses/Concentrati Comments:
group ons: 0 (untreated), |The period of treatment was short and reporting of data was
Equivalent to 0 (ohve 011), 100, 1nadequate,
. . 500 mg/kg bw
carcinogenicity
test (lifetime) Exposure: 4-5
days/wk for 64
weeks
Carcinogenicity | dichloromethane Males Burek,
study in rats 1984 and
(Sprague- 75-09-2 Concentration (ppm) EPA, 1985
Dawley) 200-83 8-9 Type of tumour 0 500 1500 3500
Purity 99% Salivary gland 1/92 (1%) 0/95 5/95 11/97
sarcoma: (%) (5%) (11%)*
Male/female Inhalation Total number of 8/92 6/95 11/95 17/97
0, 500, 1500, 3500 || benign mammary
Age: 8 weeks ’ m ’ ’ gland tumours
’ pp *P =0.002, Fisher exact test
92-97 rats/grou
group Exposure:6 h/day, NR
5 days/wk, for 104
wk Females
Concentration (ppm)
0 500 1500 3500
Type of tumour
Total number of rats 79/96 81/95 80/96 83/97
with a benign
mammary tumours
Total number of 165 218 245 287
benign mammary
gland tumours
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Equivalent or
similar to OECD
TG

body

Exposure:

(breeders) 7 hours
per day, 5 days per
week for 7 weeks,

Comments:

Low exposure concentration and inadequate reporting of data.

Method, Test substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
Carcinogenicity | dichloromethane Males NTP, 1986;
?g;(z};;n rats 75-09-2 Concentration (ppm) %egrénear’
200-838-9 Type of tumour 0 1000 2000 4000
Male/female Purity 99% Margrlr)lary gland 0/50% 0/50 2/50 5/50
Age: 7-8 K adenoma or (4%) (10%)**
£€: /78 WEEKS | Inhalation: 0, 1000, || fibroadenoma
50 2000, 4000 ppm (0, | [-oombined) ()
rats/group Subcutis, fibroma or 1/50 61/50 2/50 5/50
3470, 6940, or 13 || sarcoma (combined): | (2%)*** %) (4%) (10%)
900 mg/m?)
*P <0.001 (trend)c
Reliability 2, key | Inhalation: whole- | **P = 0.023
study body *#*P = (.026 (trend)
Exposure:6 h/day, | Females:
5 days/wk, for 102 Concentration (ppm)
wk 0 1000 2000 4000
Type of tumour
Mammary gland 5/50 (10%) 11/50 13/50 23/50
adenoma or (22) (26%) (26%)**
fibroadenoma
(combined) (%)
P <0.001 (trend), Incidental tumour test
P <0.001 (high dose)
P <0.05 (mid-dose)
P <0.05 (low dose)
Survival: the survival of exposed male rats was comparable to
that of the chamber controls, however a reduction in all doses in
males (32, 32, 34 and 18) and at the higher dose in females (60%,
44%, 44% and 30%) was reported at the termination of the study.
Carcinogenicity | dichloromethane Breaders (F) Maltoni,
study in rats 1988
(Sprague- 75-09-2 No significant differences in tumour incidence between control
Dawley) 200-838-9 and treated rats.
Male/female Purity 99% Embryos (F and M)
Age: . No significant differences in tumour incidence between control
Inhalation: 0, 60, treated rats.
-13 weeks ppm (0, 208
(breeders) mg/m?3) for
embryos; and O,
-12 day of 100 ppm (0, 347 |Survival:
gestation mg/m3) for . . .
(embryos) breaders No excess in mortality was found in all the exposed groups.
Inhalation: whole-
54 rats/group
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Method,
guideline,
deviations if
any, species,
strain, sex,
no/group

Test substance,
dose levels
duration of
exposure

Results

Reference

451

then 7 h/day, 5
days/wk, for 97 wk
Start at age 13 wk

(embryos M/F) 4
h/day,5 days/wk,
for 7 wk, then 7
h/day, 5 days/wk,
for 97 wk; or 7
h/day, 5 days/wk,
for 8 wk;

The breeders and a
first group of
offspring were
exposed for 104
weeks, and a
second group of
offspring was
exposed for 15
weeks only.

Control groups
were composed of
60 female rats
(untreated breeders
controls), and 158
males and 149
females (untreated
offspring controls).
The rats were
observed for their
lifespan.

Carcinogenicity
study in rats
(Sprague-

Dawley)
Male/female
Age: unspecified.

90rats/group

dichloromethane
75-09-2
200-838-9
Purity 99.5%

Inhalation: 0, 50,
200, 500 ppm;

Fifth group (F):
500 ppm for 12 mo,
then to 0 ppm for
12 mo (30
rats/group);

Sixth group (F): 0
ppm for 12 mo,
then to 500 ppm for

Males:

No significant differences in tumour incidence between control

and treated rats.

Females

Concentration (ppm)

Mammary gland adenoma or
fibroadenoma (combined) (%)

0 52/70 (74%)
50 58/70 (82%)
200 61/70 (71%)*
500 55/70 (78%)
500 fifth group 23/30 (77)
500 sixth group 23/30 (77)

*P<0.05

Nitschke,
1988
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Method, Test substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
Equivalent or 12 mo (30 | Fisher exact test
similar to OECD | rats/group).
ISGI Inhalation: whole- .
body Survival:
Exposure: (M) 6|No exposure-related adverse effect on body weight or mortality
h/day, 5 days/wk; | was observed both in males and females.
for 20 months;
(F) 6 h/day, 5
days/wk for 0, 50
and 200 ppm for 24
months
(F) fifth group: see
above;
(F) sixth group: see
above.
Carcinogenicity | dichloromethane Males: JBRC,
Stl(lggl ;2 /IS;SCU) 75-09-2 Concentration (ppm) 20'00b’
200-838-9 0 1000 2000 3500 Aiso, 2014
Male/female Type of tumour
Subcutis fibroma | 1/50 2%) | 4/50 (8%) | 7/50 12/50
Age: Purity 99.9% (14%) * | (24%)**
Mammary gland 1/50 (2%) 2/50 (4%) 3/50 8/50
50 rats /group Inhalation whole fibroadenoma (6%) (16%)*
body: 0, 1000, Peritonea} 3/50 (6%) 1/50 (2%) 0/50 7/50
24 months 2000, 4000 ppm Sntl)eso'th?l]ljoma (14%)
(0, 3470, 6940, or Piot.:(;l(?ls (ltrer;g;?‘P<0.001 (high dose), P<0.05 (mid dose) with Peto-test and
13 900 mg/m?) Fisher exact test.
. Mammary gland fibroadenoma:
Equivalent or Exposure: 6 h/day, |P<0.001 (ytrgend); P<0.001 (high dose) with Fisher exact test.
similar to OECD > | Peritoneal mesothelioma:
TG 451 ?0(1:1};51/(\”1(’ for P<0.005 (trend) with Peto-test and Fisher exact test.
Females:
Concentration (ppm)
0 1000 2000 3500
Type of tumour
Mammary gland 7/50 (14%) | 7/50 9/50 14/50
fibroadenoma (14%) (18%) (28%)
P<0.001 (trend); with Peto-test and Fisher exact test.
Survival:
The survival in males was 64%, 86%, 76% and 56% respectively
at 0, 1000, 2000, 4000 ppm.
The survival in females was 90%, 80%, 86% and 60%
respectively at 0, 1000, 2000, 4000 ppm. The survival of females
exposed to 4000 ppm was decreased compared with the controls
(no statistical analysis reported).
Carcinogenicity | dichloromethane Males: EPA, 1985
study in hamster
SyriZn golden 75-09-2 No significant differences in tumour incidence between control | Burek, 1984
(Ela:Eng) 200-838-9 and treated hamsters.
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*significantly different from controls when analysed by Fisher’s exact test ,
p<0.05

Lymphosarcoma [malignant lymphoma] in female hamster: 1/91 (1%), 6/92
(6%), 3/91 (3%), 7/91 (8%)*
*P < 0.05 (Fisher exact test)

Survival:

At the end of the study the numbers of hamsters surviving were 16, 20, 11, and
14 in males, and 0, 4, 10, and 9 in females, respectively at 0, 500, 1500, 3500

ppm.
Historical control not available.
Note: the data reported in the table are extracted from EPA, 1985. The Working

Group of TARC monograph 110 (IARC, 2017) noted that the higher survival in
treated hamsters may have contributed to this non-dose-dependent result.

Method, Test substance, Results Reference
guideline, dose levels
deviations if | duration of
any, species, | exposure
strain, sex,
no/group
Females:
Male/female Purity 99.9% o o ) ) )
A statistically significant increase in the total number of benign
Age: 8 weeks ] tumours was observed in females exposed to 3500 ppm, but
Inhalation: 0, 500, | this was considered to be secondary to the increased survival of
95 1500, 3500 ppm this group.
hamsters/grou
group Exposure:6 h/day, .
5 davs/wk. for 104 Concentration Males Females
24 months ays/wk, (ppm) cumulative cumulative
wk totals totals
. Total number of 0 107 106
Equivalent or hamster during 500 104 102
similar to OECD this period 1500 103 101
TG 451 3500 107 105
Total number of 0 25 19
hamster with a 500 29 21
tumor 1500 27 19
3500 29 32 *
Total number of 0 20 13
hamster with a 500 19 9
benign tumor 1500 13 13
3500 19 26*
Total number of 0 7 8
hamster with a 500 13 13
malignant 1500 15 7
tumor 3500 10 10

[04.01-MF-003.01]

43




CLH REPORT FOR DICHLOROMETHANE

Table 16: Summary table of human data on carcinogenicity

cellulose triacetate
film, engaged for >
1 yr in one of three
areas in which
dichloroethane was
used (roll coating,

Location and follow-
up period:
USA,1964-1994

cases), leukaemia (SMR, 2.04; 95% CI,
0.88-4.03; 8 cases), and Hodgkin disease
(SMR, 1.82; 95% CI, 0.20-6.57; 2 cases).
Mortality from leukaemia increased with
cumulative exposure among four exposure
categories: for the group with the highest

Type of [ Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
Occupational | Workers from a Subjects analysed: | SMRs (Standardized Mortality Ratios) | Lanes, 1993
cohort study on | plant producing 1271 (551 men and | were elevated for cancer of the liver and
cancer cellulose triacetate | 720 women). biliary tract (SMR, 2.98; 95% CI, 0.81-
fibre, employed for Location and follo 7.63; 4 cases).
>3 mo in 1954-76 . "~ | Each of the deaths due to cancers of the
. up period: USA; |, -
Exposure: to DCM liver and biliary tract occurred among
1954-1990. .
based on a employees with > 10 years of employment
combination of and > 20 years since first employment
personal and area (SMR, 5.83; 95% CI, 1.59-14.92). Three
. Results based on .
samples, median ) out of these four deaths were attributed to
mortality ~ records; e . .
exposure levels (8- diusted f cancer of the biliary tract, with durations
hour TWA) in aduste (;)r agf, ng’ of exposure to DCM of < 1 to 28 years.
1977 were reported Tace, q and . calendar | these four cases were also observed in the
to be 140, 280, and | PO initial analysis by Lanes ef al. (1990) with
475 ppm [486, 971, an SMR of 5.75 (95% ClI, 1.82-13.8) for
1650 mg/m3] in cancers of the liver and biliary tract
three main work combined; the SMR estimated for cancer
areas, but no dose— of the biliary tract alone was 20 (95% ClI,
response analysis 5.2-56) compared with a national referent
was performed. population.
The ~workers had Results for other cancers were
been also exposed .
unremarkable; no results were reported for
to  acetone and non-Hodgkin lymphoma (NHL)
methanol. giin lymp ’
Note of IARC, 2017: Although some of the
subjects were also exposed to acetone and
methanol, the Working Group considered
these to be unlikely explanations for the
observed risks because they were not
known to be linked to cancer of the liver.
Cohort  study | Exposure: to DCM, | Subjects  analysed: | The risk of mortality from cancers of liver | Gibbs, 1996
on cancer Workers from a|3211 white workers [and biliary tract was not increased.
plant producing | (2187 men and 1024 | Except for cancer of the prostate, for which
cellulose triacetate | women) there was a non-significant excess, SMRs
fibre, employed for . for other cancers were < 1.0 for all
.| Location and follow- .
> 3 months in . exposure categories among men.
1970-81 The | %P period: USA,
' 1970-1989 The SMRs for women were based on very
workers had been
small numbers and were unstable.
also exposed to|Results based on
acetone and [ mortality ~ records; | No data were reported for NHL
methanol. adjusted for age, sex,
race, and calendar
period.
Cohort  study | Exposure: to DCM, | Subjects analysed: | Malignant neoplasms with elevated SMRs | Hearne and
on cancer Workers from a 1311 male white [ were cancer of brain and central nervous | Pifer, 1999
plant producing workers system (SMR, 2.16; 95% CI, 0.79-4.69; 6
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estimated from area

Location and follow-

(expected, 3.3 cases), and there was a

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
doping, distilling) | Referent population [ cumulative exposure, the SMR for
in 1946-70. (mortality) from | leukaemia was 5.89 (95% CI, [1.89-13.6];
Exposure o New York, |5 cases). Three of the ecight cases of
P excluding New York | leukaemia had also been exposed to
dichloromethane . .
City. benzene in the past. SMRs for cancer of
(8-hour TWA) was: . .
the liver and NHL were less than unity,
0-520 ppm [0— b
3 ased on very small numbers (one and two
1800 mg/m°] in cases, respectively)
1946-1965, > 1ESPECHVERy):
0-300 ppm [0 Limits of the study: the small numbe?s of
e exposed cases, which hampers analysis of
1040 mg/m’T in exposure—response patterns
19661985, P ponsep '
and 0-100 ppm [0—
347 mg/m?] in
1986—-1994.
Workers may have
also been exposed
to methanol, 1,2-
dichloropropane,
1,2-dichloroethane,
acetone, and
benzene, but
exposure levels
were not reported
for these agents.
Cohort  study | Exposure levels: Subjects analysed: | Exposure to  dichloromethane was| Radican,
on cancer Workers were 1222 workers of a|associated with increased risks (hazard 2008
exposed to military-aircraft ratio, HR) of NHL (HR, 2.02; 95% CI,
numerous maintenance facility. | 0.76-5.42; 8 exposed cases) and multiple
chemicals. myeloma (HR, 2.58; 95% CI, 0.86-7.72; 7
E Location and follow- | exposed cases) for male workers, and
asxsre): Oszée was up period: cancer of the breast (HR, 2.35; 95% CI,
ssed. USA, 1952-2000. 0.98-5.65; 6 exposed cases) for female
quantitatively for o
. workers. Results for other cancer sites in
trichloroethylene, L .
ol Covariates: Age, [relation to DCM exposure were not
and qualitatively
race. Internal | reported.
(ever/never) to comparison of
other agents deat}I:s The strengths of this study: included a
including ' large number of the subjects and a long
dichloromethane. follow-up period.
Limits: because the primary analysis was
C . for trichloroethylene, the exposure
0-CXPOSUTES: assessment and analysis for DCM were
several organic limited.
solvents, in
particular
trichloroethylene,
and other
occupational
exposures.
Cohort  study | Exposure to DCM; | Subjects analysed: | No cancers of the liver were observed | Tomenson,
on cancer levels were 1785 male among exposed or unexposed workers|2011
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Type
data/report

of

Test substance,

Relevant
information about
the study (as
applicable)

Observations

Reference

samples according
to time period and
work group.

TWA exposures
were estimated to
range from 2 to 20
ppm [7-69 mg/m?3]
before 1960,

6to 127 ppm [21-
441 mg/m?] during
the 1960s,

10 to 165 ppm [35-
573 mg/m?] during
the 1970s,

and 7 to 88 ppm
[24-305 mg/m?3]
during the 1980s
Tomenson et al.

(1997).

The workers had
been also exposed
to acetone and
methanol.

up period: England,
1946-2006.

Covariates:
calendar period.

Age,

significant deficit of cancer of the lung.
Data for NHL were not reported. Analysis
of cumulative exposure for four cancer
sites, including brain, did not show any
significant trends with the level of
exposure to DCM.

Limits of the study: small number of
deaths, which limited the ability to conduct
exposure—response analysis.

Prospective
cohort

Exposure: DCM

The air  toxic
concentration was
obtained from
NATA  (database
created by the US
EPA of modelled
air toxic
concentrations).

Study location and
period:

USA, 2003-2009

Subject analysed:

50,884 women from
across the US who
were ages 35-74 at
enrolment.

Participants ~ were
recruited from 2003
to 2009. Women
were eligible for the
Sister Study if they
had a sister who had
been diagnosed with
breast cancer, but no
prior breast cancer
themselves.

At baseline, women
completed a
computer-assisted
telephone interview
and written
questionnaires to
assess
demographics,

Type of tumours: breast cancer.
Aim of the study:

To examine the association between breast
cancer incidence and 29 non-metallic
hazardous air pollutants.

Results:

Over follow-up (average = 8.4 years),
2975 women were newly diagnosed with
breast cancer (invasive or ductal
carcinoma in situ). Several air toxics,
including methylene chloride, polycyclic
organic matter, propylene dichloride, and
styrene, were associated with increased
risk. Of these, methylene chloride was
most consistently associated with risk
across multiple analyses. It was associated
with overall (HR guintileavst = 1.21
(95%CI=1.07-1.38)) and  estrogen
receptor positive (ER+) invasive breast
cancer (HR guingiteavs1 = 1.28 (95%CI = 1.08—
1.52)) in individual pollutant models,
although no dose-response was observed.
Associations were stronger among
overweight/obese (vs. non-
overweight/obese) women (p <0.05) for
six air toxics. The classification tree
identified combinations of age, methylene

Niehoff,
2019

[04.01-MF-003.01]

46




CLH REPORT FOR DICHLOROMETHANE

intensity of
exposure were
assigned using
occupation and
industry titles from
subjects’ death
certificates and a
job-exposure
matrix.

Co-exposure:
electromagnetic
fields, solvents,
chlorinated
aliphatic
hydrocarbons,
benzene,
nitrosamines,

lead,

24 states in USA,
1984-92;

Covariates: state and
race.

Subjects  analysed:
Cases were 12.980
women who died due
to cancer of central
nervous system in 24
states of the USA.
Controls were
51.920 randomly
selected women who
died from non-
malignant diseases,
excluding

Aim of the study: to examine associations
between mortality from the cancer of the
brain and other parts of central nervous
system and exposure to 11 factors
including DCM.

Results: After adjusting for age at death,
marital status, and socioeconomic status,
the odds ratio for the association of
exposure to DCM and all cancer of the
central nervous system was 1.2 (95% CI,
1.1-1.3). Odds ratios were generally
similar for all categories of probability and
intensity of exposure.

Limits: this study, like others using similar
methods, assessed exposure from
occupational information from death
certificates, the specificity for DCM was

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
lifestyle factors, | chloride, BMI, and four other toxics
medical and family | (propylene dichloride, ethylene dibromide,
history, and | ethylidene dichloride, styrene) related to
residential  history. | overall breast cancer.
Participants . . .
complete annual In conclusion some non-metallic air
health updates and toxics, particularly DCM, were associated
-alth - up with the hazard for overall and Endocrine
triennial ~ follow-up ..
. . Receptor positive (ER+) breast cancer.
questionnaires to .

.| Overweight/obese =~ women may be
assess changes in articularly susceptible to air toxics
health and risk factor | y p ’
information.

Case- control | Exposure: DCM Study location and | Tumours: Brain and CNS Heineman,
study .Inforrr}atlon period:  Louisiana, Aim of the study: to examine the 1994
including New Jersey, and L .

. . X associations between astrocytic cancer of
occupational Philadelphia, USA, . ’ .
) . the brain and exposure to six chlorinated
history and risk 1979-81 . .
solvents including.
factors for cancer Covariates: Age
of the brain was stud area. % | Results: After adjusting for age at death
obtained by Y and study area, significant trends in risk
interview of next- | Subjects analysed: | were observed with increasing probability
of-kin and 300 men who died | and intensity of exposure, as well as with
exposure estimates | from astrocytic | increasing ~ exposure  duration  and
were assigned cancer of the brain in | cumulative exposure when the probability
using a job- Louisiana and | of exposure was high.
trix. P lIvani Al .
exposure matrix ennsylvania, USA, Limits: the exposure assessment was based
) and 320 men who . .
Co-exposure: . on the data obtained from the next of kin.
: died from other
organic  solvents, .
causes not associated
carbon ith  occupational
tetrachloride, w1 P ¢
methyl chloroform, exposure °
chlorinated
tetrachloroethylene, hvdrocarbons
trichloroethylene y )
case-  control | Exposure: DCM Study location and | Tumours: Brain and others CNS. Cocco,
study Probability and period: 1999
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factors was
obtained by in-
person interview,
and probability and
intensity of
occupational
exposure to
individual
chemicals and
chemical classes
were assigned by
expert assessment.

Co-exposures:

benzene,

100 with follicular
lymphoma, and 315
with other
lymphomas),  and
1530 controls.

Location and follow-
up period: Italy,
1991-1993

Covariates: Sex, age,
education and area

Control: population.

sex, age, and education, excluding subjects
with low probability of exposure. The OR
for NHL in the category for combined
medium- and high-intensity exposure to
DCM was 1.7 (95% CI, 0.7-4.3; 13 cases;
P for trend, 0.46). Among the NHL
subtypes, an odds ratio for DCM was
reported only for small lymphocytic NHL:
for medium or high exposure, the odds
ratio was 3.2 (95% CI, 1.0-10.1).

The study also included cases of Hodgkin
lymphoma, but odds ratios for exposure to
DCM were not reported

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
polyaromatic neurological poor.
hydrocarbons, disorders.
insecticides and
fungicides,
herbicides, contact
with the public.
case- control | Exposure: = DCM | Study location and | Tumours: Neuroblastoma. De Roos,
study Self-reported period: 2001
exposure by parents
and review Dby USA and Canada, .1 Aim of the study: to identify paternal
) . May 1992- 30 April . . .
industrial 1994 occupational exposures associated with an
hygienists. ’ increased risk of cancer of the brain in
Covariates:  child’s | children.
age, maternal race, Results: Maternal exposures to most
maternal age, and . . X
. chemicals were not associated with
maternal education. L
neuroblastoma. When considering
paternal exposure to DCM as assessed by
Subicct lysed: |20 industrial hygienist, the odds ratio for
uojec anatysee- 1 peuroblastoma was 0.70 (95%CI, 0.2-2.8;
405 case fathers and S
4 exposed cases; adjusted by age, maternal
302 control fathers.
race, maternal age, and maternal
education).
Control: Population | Paternal exposures to hydrocarbons such
controls from | as diesel fuel (odds ratio (OR) = 1.5; 95%
random-digit confidence interval (CI): 0.8, 2.6), lacquer
dialling. thinner (OR = 3.5; 95% CI: 1.6, 7.8), and
turpentine (OR = 10.4; 95% CI: 2.4, 44.8)
were associated with an increased
incidence of neuroblastoma, as were
exposures to wood dust (OR = 1.5; 95%
CI: 0.8, 2.8) and solders (OR = 2.6; 95%
CI: 0.9,7.1).
Case-control Exposure levels: Subjects  analysed: | Type of tumours: NHL Miligi,
study DCM; study included 1428 Aim of the study: to evaluate the 2006
. cases of NHL L )
Information about . . ... | association between risk of lymphoma and
. (including 285 with ) .
occupational small  Ivmphocvtic | €Xposure to DCM and nine other organic
history and other lvmoh Y 31;)08 y’h solvents
otential risk ymphoma, wit .
p diffuse lymphoma, | Results: Odds ratios were adjusted by area,
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potential risk
factors was
obtained by in-

collected from the
general population in
Connecticut, USA.

nine organic solvents including DCM.

Results: ORs were adjusted by race, age,
family history of haematopoietic cancer,

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
tetrachloroethylene,
trichloroethylene,
1,1,1-
trichloroethane OR
not reported for
follicular NHL,
diffuse NHL, and
other NHL.
Case-control Exposure: DCM: Subjects  analysed: | Type of tumours: malignant lymphoma Seidler,
study In-person interview i\dglh%l:)amn; 710 Aim of the study: to examine the 2007
obtained c};sel: Con’trols 710 relationship between malignant lymphoma
occupational ’ ’ and exposure to eight organic solvents
history, medical Location and follow- | including DCM.
Elfit;;}iéand T[9)91)9ej;%%.3Germany, Results: ORs were adjusted for smoking
’ and alcohol consumption. The OR for high
Co-exposure: Covariates: Smoking | cumulative exposure to DCM was 2.2
trichloroethene and alcohol (95% CI, 0.4-11.6; P for trend, 0.40) for
tetrachloroethyiene Control: population all lymphomas, and 2.7(95% CI, 0.5-14.5;
’ ’ " | P for trend, 0.29) for B-cell NHL.
carbon
tetrachlorine,
benzene, toluene,
xylene and styrene.
case-  control | Exposure: DCM; Subjects  analysed: | Type of tumours: Leukaemia Costantini,
study Exposure was 15e§16kaemicaa?ns d 12;)8f Aim of the study: to evaluate the risks 2008
assessed by expert controls from seven associated with exposure to ten organic
rating to assign . solvents including DCM.
metrics of areas in Italy. o
o . Results: No associations between acute
probal?lllty and Locatlon.and follow- leukaemia or myeloma and DCM were
g)l:;g::frye(:g several 1115913691;(3)(1. ftaly, seen. Four cases of chronic lymphocytic
solvents. Subjects . ' leukaemia (now classified as a type of
with a low Covarlgtes: Sex, age, NHL) were obseryed, with a non-
probability of education and area | significant odds ratio of < 1 for very
. low/low exposure, and an odds ratio of 1.6
exposure were Control: population. (95% CI, 0.3-8.6) for medium/ high
excluded from the >
analysis. exposure.
Co-exposures:
benzene,
tetrachloroethylene,
trichloroethylene,
L,1,1-
trichloroethane.
case- control | Exposure: DCM. Subjects analysed: | Type of tumour: NHL Wang, 2009
study Information about | 601 female -cases,| ,. .
occupational and 717 controls, Alm .O.f the study: to examinc the
history and other matched for age, association between NHL and exposure to
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occupational
history and other
potential risk
factors was
obtained by in-
person interview.

Co-exposures:

study by Wang et al.
(2009) who provided
a blood or buccal cell
sample for
genotyping; adjusted
for age and race.

Aim of the study: to evaluate whether
genetic variation in four genes involved in
metabolism (CYP2EI, EPHXI1, NQOI,
MPO) modifies associations between
exposure to organic solvents and risk of
NHL or five major histological subtypes of
NHLL (diffuse large B-cell lymphoma,
follicular lymphoma, chronic lymphocytic

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
person interview and alcohol consumption. Subjects ever-
and probability and Location and follow- exposed to DCM had an increased risk of
intensity of ocation antloloOW" INHL (OR, 1.5; 95% CI, 1.0-2.3).
up period: USA . . o
exposure to 1996-2000 Analyses by intensity and probability of
solvents were ’ exposure indicated elevated ORs, but
assigned using a Covariates: Age, | trends were not statistically significant.
previously family history of
developed job- haematopoietic
exposure matrix. cancer, alcohol
Co-eXDOSUTeS: consumption, and
P ' race.
lf)s:nzlzlllgéhy de Control: population
chloroform, carbon
tetrachloride,
dichloroethane,
trichloroethylene.
case- control | Exposure: DCM; Subjects  analysed: | Type of tumour: multiple myeloma Gold, 2011
study In-person Multiple myeloma, Aim of the study: to evaluate the
. . . 180 cases, 481 .. . .
interviews obtained controls were associations between risk of multiple
occupational collected from  the myeloma and exposure to DCM and other
Z(lis;;)tli‘g s;QOb_ general population in chlorinated solvents.
. J the same areas/ | Results: ORs were adjusted by area, race,
specific modules . X
. population sex, age, and education. Overexposure to
were applied when . . .
. DCM entailed elevated risk of multiple
solvent exposure Location and follow-
. . myeloma (OR, 1.5; 95% CI, 0.9-2.3).
was likely. up period USA,|.” . . .
. 2000-2002 Significant trends with exposure duration
Exposure metrics were observed when occupations that had
of probability, low confidence scores were included in the
frequency, L unexposed category: the odds ratio for ever
intensity, r(e::():\éar;?ézs. site éﬁle(i exposure was 2.0 (95% CI, 1.2-3.2) and
confidence, and ear,s o fec}ilucati’on odds ratios of 2.7 (95% CI, 1.1-6.5), and
cumulative y " 12.1 (95% CI, 0.9-5.2), were observed for
exposure were Control: population. | workers employed for 12-29 years and
assigned using a 30-51 years, respectively (P for trend,
job-exposure 0.01). No such trend was seen for
matrix. cumulative exposure.
In secondary
analyses, jobs
assessed with low
confidence are
considered
unexposed.
case-  control | Exposure: DCM. Subjects analysed: | Type of tumour: NHL Barry, 2011
study Information about | Women from the
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Exposure to
solvents was
assessed by an
industrial hygienist
based on detailed
occupational
histories collected
by interview.

Study location and
period: Arizona,
Massachusetts and
Pennsylvania, USA,
1994-98

Covariates: Age
group, race  sex,
hospital site and
proximity of

residence to hospital.
Subject analysed:

Cases were 484
patients with glioma
and 197 patients with

meningioma
diagnosed in
Massachusetts,
Pennsylvania, and

Arizona, USA.

Controls were 797
patients admitted to
the same hospitals
for non-malignant
conditions and were
frequency-matched

to cases by sex, age,

meningioma.

Aim of the study: to examine associations
between glioma and meningioma and
exposure to six chlorinated solvents
including DCM.

Results: Odds ratios adjusted for the
matching factors did not show any
association between glioma or
meningioma and overall exposure to DCM
or other metrics, including duration,
intensity, and cumulative exposure.

No consistent evidence for increased brain
tumour risk related to chlorinated solvents
was found.

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
benzene, Location and follow- | leukaemia/small lymphocytic lymphoma,
formaldehyde, up period: USA, [marginal zone lymphoma, and T-cell
chloroform, carbon | 19962000 lymphoma).
:iit:rgﬁ?rl(?er;g;e Covariates: Age Results: Everexposure to DCM entailed
. ’ . . .| elevated risk of NHL (OR, 1.69; 95% CI,
trichloroethylene. | family history of
haematopoietic 1.06-2.69).
Y
cancer, alcohol | The risk associated with ever-exposure to
consumption, and | DCM was higher (OR, 4.42; 95% ClI,
race. 2.03-9.62) among women with the TT
genotype for CYP2EI 1s2070673. In
Control: population contrast, no effects with. DCM was
’ observed among women with the TA or
AA genotype (OR, 0.80; 95% CI, 0.36—
1.75). Similar patterns were observed for
diffuse large B-cell lymphoma and
follicular lymphoma. No interactions with
other single-nucleotide polymorphisms
(SNPs) in the studied genes, including
CYP2E1, EPHX1 NQO1, or MPO, were
statistically significant.
(The IARC Working Group noted that the
functional role of the CYP2EI
polymorphism is unclear).
Case- control | Exposure: DCM Hospital based case- | Type of tumour: Glioma or other|Neta, 2012
study control study. neuroephitheliomatous neoplasm  and
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factors, and lifestyle
factors.

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
race, hospital, and
proximity to the
hospital.
Case- control | Occupational Subjects  analysed: | Type of tumour: 11 cancer sites Christensen,
. 201
study exposures were 3730 cancer Cases | \. o of the stu dy: to evaluate the 013
derived using a and 533 population .
o association  between  exposure  to
combination of controls. .
. chlorinated solvents and cancer.
subject-reported
job history and Location and follow- [ Results: The majority of the associations
expert assessment. |up period: Canada, [ examined were null, although many were
. 1979-85. based on small numbers. We found two
We examined the o
.. significantly elevated ORs, one between
associations
between fwo perchloroethylene and prostate cancer (OR
. - = 4.3; 95% CI: 1.4 to 13) and another
chemical families .
and six chlorinated between trichloroethylene and melanoma
— . 050, .
solvents with 11 (OR=3.2;95% CI: 1.0 t0 9.9).
sites of cancer.
Case- control | Exposure: DCM Study location and | Tumours: Glioma Ruder, 2013
tud o iod: I . . .
study Lifetime i/?iréﬁi an OW& 1 Aim of the study: to examine associations
occupational iehigan, between glioma and exposure to six
. . Minnesota, . . .
histories were . . chlorinated solvents including DCM.
. Wisconsin,
obtained by
interview and USA, 1995-97
several exposure Results: Odds ratios adjusted for the
metrics were frequency matching variables (age group
assigned by an Covariates: Age, | and sex), and for age and education. There
industrial hygienist. | education, sex. were no associations between glioma and
overall exposure to DCM, or exposure
probability and cumulative exposure.
Subject analysed:
Cases were 798
patients with
intracranial ~ glioma
in Towa, Michigan,
Minnesota, and
Wisconsin,  USA,
and controls were
1175 residents
selected from the
same area.
Multicentre Exposure: no Study location and | Tumours: meningioma. McLean,
case—control subjects classified |period: multicentre | , . . . 2014
. Aim of the study: to examine associations
study of [ as exposed to DCM | population of .
T . between occupational exposure to selected
meningioma after assessment of | Australia, Canada, . .
o organic solvents and meningioma.
lifetime France, Germany,
occupational Israel, New Zealand | No association was observed between any
histories using a and the UK; of the organic solvents and meningioma, in
modified version of . either men or women, and no dose—
S . 2000-2004; . . .
the Finnish national response relationships were observed in
job-exposure Covariates: internal analyses using either exposure
matrix Demographic duration or cumulative exposure.
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Type of

data/report

Test substance,

Relevant
information about
the study (as
applicable)

Observations

Reference

Subject  analysed:
1906 cases and 5565
controls, in seven
countries.

case-  control

study

Exposure: DCM

data on air releases
of DCM, in pounds
per year, were
obtained from the
TRI database.

Study location and
period:

California, USA,

1988 to 2012

Covariates: age and
gestational ages.

Subject analysed:

We frequency
matched by birth
year approximately
20 cancer-free
controls  identified
from birth records to
all childhood cancers
ages 0-5 in the
California  Cancer
Registry diagnosed
from 1988 to 2012;
i.e. 13,636 cases and
a total of 270,673
controls.

Type of tumour: germ cells and AML
(acute myeloid leukemia)

Aim of the study: to investigate the
association between childhood cancers
and exposures to DCM releases from
industrial plants, as reported to the EPA’s
Toxics Release Inventory, near (<3 km)
residences of pregnant women and infants
living in California.

Results:

elevated risks for germ cell tumours [Odds
Ratio (OR): 1.52, 95% Confidence
Interval (CI) 1.11, 2.08], particularly
teratomas (OR: 2.08, 95% CI 1.38-3.13),
and possible increased risk for AML (OR:
1.64, 95% CI 1.15-2.32 in the quadratic
decay model) were reported. Risk
estimates were similar in magnitude
whether releases occurred in pregnancy or
the child’s first year of life.

Some possible excess risks, based on very
small numbers, were observed when
analysing childhood CLL within a 3 km
buffer between residences and emitting
facilities, though not supported by
statistical significance.

Conclusion:

The exposure to industrial DCM releases
may be a risk factor for childhood germ
cell tumours, teratomas, and possibly
AML. NHL

Park, 2017

case-  control

study

Exposure: DCM

exposure to
selected solvents
was estimated by
using the NOCCA
job-exposure
matrix (NOCCA-
JEM).

Study location and
period:

Finland, Iceland,
Norway, and
Sweden, census in
1960, 1970,
1980/1981, and
1990.

Subject analysed:

20,615 CLL cases
diagnosed in 1961—

2005 in Finland,
Iceland, Norway,
and Sweden, and

Type of tumours: adult chronic

lymphocytic leukemia (CLL).

Aim of study: to assess the effect of
occupational solvent exposure on the risk
of adult chronic lymphocytic leukemia
(CLL).

Results:

Non significant CLL risk elevations were
observed for DCM, perchloroethylene,
andl,1,l-trichloroethane. Compared to
unexposed, significantly increased risks
were observed for cumulative
perchloroethylene exposure < 13.3 ppm-
years (OR 1.85, 95% CI 1.16-2.96) and
average life-time  perchloroethylene

Talibov,
2017
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studies. Studies were
classified using three
categories. Primary
studies focused on
the association

potentially exposed to high concentrations
of methylene chloride.

Sporadic and weak associations were
reported for cancers of the pancreas, liver

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
103,075 population- | exposure < 2.5 ppm (1.61, 95% CI 1.01—
based controls [ 2.56) among women, and cumulative
matched by year of [ DCM exposure <12.5 ppm-years (OR
birth, sex, and|1.19, 95% CI 1.01-1.41) and 12.5-74.8
country were | ppm-years (OR 1.23, 95% CI 1.01-1.51)
included. among men in an analysis with 5 years lag-
time, though without dose-response
pattern. Decreased CLL risk was observed
for aliphatic and alicyclic hydrocarbon
solvents and toluene.
Conclusion: This study did not support
associations for solvent exposure and
CLL. Observed weak associations for
DCM, perchloroethylene, 1,1,1-
trichloroethane exposures, aliphatic and
alicyclic hydrocarbons and toluene were
not consistent across sexes, and showed no
gradient with amount of exposure.
A retrospective | Exposure: DCM Study location and | Type of tumours: Brain and CNS Makris,
comp argtlve The plant perlqdf . Latsia Aim of the study: 2018
population systematically used municipality,
study Dy CM in its y Nicosia, Cyprus; | Results: Mean stack emissions of DCM of
. . 1983-2009 88 mg/Nm? and flow rates of 850 g/h
operations starting o .S
. . . exceeded the permissible DCM limits
around 1983 until | Subject analysed: a . . . .
established for industrial zones. Brain and
2009 (closure of group of 82 cancer
. central nervous system (CNS) cancer
the plant). DCM cases were included |. . S
. incidence rates showed significant (P <
measurements at in the study. The . .
0.001) increase in the study area around
the stack of the control was the .
. N the plant when compared with those
plant were taken in | cancer incidence rate b d i th fC
2005 and 2006 by | (1998-2008) for the | O 5¢TVee 10 Oer areas of - LYPrus.
Calculated standardized incidence ratios
the Department of | study area. . N
Labour Inspection for brain/CNS after adjusting for the age at
' diagnosis ranged from 11.3-25.7 [mean
6.5 (3.02 : 12.3)] for the study area.
An  association  between  chronic,
unintentional DCM  exposures and
brain/CNS cancer cases for the general
population located in a residential area
being in close proximity with a plant
historically emitting DCM was observed.
Review of [ Exposure: DCM Details on study [ Objective: To critically review and | Dell, 1999
retrospective and other solvents. |design: Papers for | summarize the epidemiological evidence
cohort and review were | published to date on the carcinogenicity of
case-control identified  through | methylene chloride to humans.
studies Medline  (National . .
. .. Conclusions: No strong or consistent
Library of Medicine) . .
. finding for any site of cancer was apparent
and were limited to . .
epidemiology despite  several studies of large
occupational  cohorts  of  workers
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toxicity data and the
occupational
epidemiology data in
DCM-exposed
workers into an
overall  weight-of-
evidence assessment
of the available data
and existing
uncertainties.

mechanistic data available.
Conclusion:

dose-dependent toxicokinetics of DCM
suggest that DCM is a threshold
carcinogen in mice, initiating
carcinogenicity via the low affinity/high
capacity GSTT1 pathway; a
biotransformation pathway that becomes
relevant only at high exposure
concentrations. Rats and hamsters have
very low activities of this DCM-
metabolizing GST and humans have even
lower activities of this enzyme.
Based on the induction of specific tumours
selectively in the mouse, the dose- and
species-specific toxicokinetics in this
species, and the absence of a malignant
tumour response by DCM in rats and
hamsters having a closer relationship to
DCM toxicokinetics in humans and thus
being a more relevant animal model, the
current harmonised classification of DCM

Type of | Test substance, Relevant Observations Reference
data/report information about
the study (as
applicable)
between methylene | and biliary passages, breast and brain.
:ﬂgggeoiggpxgi: Although these st.u(.ii.es collectively cannot
cohorts  primarily rule qut the p0§51b111ty of any cancer r}sk
exposed to associated with methylene ch.lorlde
methylene chloride. exposure, thf.:y do support a concluspn of
Secondary  studies no substantive cancer risk. Continued
identified methylene follqw—up of the established c.ohor‘ts' may
chloride a priori as a elum.date ' the few and 1ncon51stegt
potential exposure of relatlonsh'lps reporteq to date; hvowever,. it
interest. and  the | APPEAIS likely that risks assoglated with
investiéators cither methylene .ch.lorlde exposure, if any, are
characterized the small and limited to rare cancers.
methylene chloride | The usefulness of additional cohort studies
exposure or | for the evaluation of cancer risks
described results for | associated with methylene chloride
the methylene | exposure will depend largely on whether
chloride-exposed the relevant exposure period has passed
workers separately. [and whether exposure characterization
Tertiary studies (e.g. peak or iptermittent exposure or
evaluated  cohorts intensity) can be improved.
either minimally
exposed to
methylene chloride
or presumed exposed
but for which no
exposure estimation
or separate
classification  was
made.
Comprehensive | Exposure: DCM A review paper that [ Objective:  critical review of all|De  Kant,
Review integrates the animal | epidemiologic,  carcinogenicity  and | 2021
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Type of | Test substance, Relevant Observations Reference
data/report information about

the study (as

applicable)

as human carcinogen cat. 2 remains
appropriate.

In particular, as to human data, the authors
conclude that the new available
information on the occupational exposure
in cohort studies, not assessed in the last
IARC-evaluation, confirms that exposure
to 1,2-DCP and not to DCM is the basis for
the positive associations between alleged
DCM-exposures and biliary tract cancer,
and that an association of NHL with DCM
exposure remains doubtful.

SMR, Standardized mortality ratios; NHL, non-Hodgkin lymphoma; OR, odds ratio; CNS, central nervous
system; CLL, Chronic lymphocytic leukemia; NOCCA, Nordic Occupational Cancer Studies; AML, Acute
myeloid leukemia
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Table 17: Summary table of other human studies relevant for carcinogenicity of DCM and 1,2-
DCP in relation to cholangiocarcinoma

patients exposed to
1,2-DCP or DCM
in different offset
printing
companies.

Case | in Fukuoka
was exposed to
white gasoline and
1,2-DCP for 13
years and 12 years,
respectively.

One case in Fukuoka,
Japan (also described by
Yamada, 2014)

One case in
Prefecture, Japan.

Aichi

1988-2013.
Subject analysed:

Two additional cases of
cholangiocarcinoma  in

Aim if the study: The study describes two
cholangiocarcinoma patients exposed to
1,2-DCP or DCM in different offset
printing companies.

Results

Case 1 was a man born in 1950. He
worked in the printing section in a proof-
printing company for 26 years. He was
diagnosed as cholangiocarcinoma in 1998
and died in 2000. In proof-printing
operations, he used gasoline for 14 years
and 1,2-DCP for 11 years to remove ink
from a rubber transcription roller

Type of | Test substance, Relevant  information Observations Reference
study/data about the study (as
applicable)
Case series | DCM and 1,2- Study location and Type of tumour: cholangiocarcinoma Kumagai,
zillcél_lgr((:)ggopane period: Aim if the study: The study was 2013
’ Osaka, Japan conducted to investigate the relationship
Concenirations 1991-2006 betwgen .occupatlonal chemlgal exposure
and incidence of cholangiocarcinoma
of 1,2-DCP and .
. among workers in the offset colour proof-
DCM estimated by L . e
. . . printing section of a small printing
simulation and Subject analysed: i Osaka. ]
mathematical company in Osaka, Japan.
modelling 5 1 men who ha}d Worked Results:
in the proof-printing
The estimated room, and 11 men who Worke?s used 1,2-DCP from
airg :rsn;ma ¢ had worked in the front | approximately 1985 to 2006, and DCM
concentrations in | T00M for at least 1 year | from approximately 1985 to 1997/1998.
th i between 1991 and 2006. | Exposure concentrations were estimated
e proofprinting
to be 100-670 ppm for 1,2-DCP and 80-
room (51 workers) | Qverall 11
>, . 540 ppm for DCM among the proof-
were 100-670 ppm | cholangiocarcinoma rintine workers
[462-3090 mg/m3] | patients printing :
for 1,2-DCP and All 11 patients were pathologically
80-540 ppm [278— diagnosed with cholangiocarcinoma from
1870 mg/m3] for 1991 to 2011. Ages at diagnosis were 25-
DCM. In the front 45 years, and ages at death were 27-46
room (11 workers), years among the six deceased individuals.
the airborne The primary cancer site was the
concentrations intrahepatic bile duct for five patients,
were estimated to and the extrahepatic bile ducts for six. All
be 70-110 ppm patients were exposed to 1,2-DCP for 7-
[323-508 mg/m3] 17 years and diagnosed  with
for 1,2-DCP and cholangiocarcinoma 7-20 years after their
50-130 ppm [173— first exposure. Ten patients were also
451 mg/m3] for exposed to DCM for 1-13 years. The
DCM. SMR for cholangiocarcinoma was 2900
(expected deaths: 0.00204, 95% CI 1100
to 6400) for all workers combined.
Conclusions: These findings suggest that
1,2-DCP and/or DCM may cause
cholangiocarcinoma in humans.
Case series | two cholan- Study  location  and | Type of tumour: cholangiocarcinoma Kumagai,
giocarcinoma period: 2014a
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Concentrations of
1,2-DCP and DCM
estimated by
simulation and
mathematical
modelling

workers in offset
colour at a proof-
printing company
for 6—19 years

(mean, 12 years).

They were exposed
to 1,2-DCP for
6—17 years (mean,
10  years) and
kerosene for 6—19
years (mean, 12
years). Five
patients were also
exposed to DCM
for 2-8 years
(mean, 5 years),
and three patients
were additionally
exposed to 1,1,1-
trichloroethane for
3—4 years (mean, 3
years).

Proof-printing company,

Osaka, Japan - 1988-
2013.

Subject analysed:

17 cases of
cholangiocarcinoma.

13 cases with company
records available, and 10
cases gave consent to
participate in this study.

Health examination
records during employ-
ment and after retirement,
and blood parameters for
10 chol-angiocarcinoma
patients

Objectives: to evaluate blood parameters
in cholangiocarcinoma cases among
proof-printing workers during and after
exposure.

Results: All study patients were exposed
to 1,2-DCP for 6-17 years. Red blood
cells, hemoglobin, hematocrit, total
cholesterol, triglycerides, and fasting
plasma glucose were within the standard
ranges for almost all patients, but the vy-
glutamyl transpeptidase (y-GTP) levels
exceeded the standard range during 1,2-
DCP exposure for six patients. Two of the
six patients were diagnosed with
cholangiocarcinoma during 1,2-DCP
exposure, and the other four patients were
diagnosed 1-9 years after termination of
exposure. The remaining four patients
had y-GTP levels within the standard
range during 1,2-DCP exposure, but had
increased y-GTP levels thereafter, and
were diagnosed with cholangiocarcinoma
4-10 years after termination of exposure.
Aspartate aminotransferase and alanine
aminotransferase  levels started to
increase following the increase in y-GTP
levels.

Conclusions: Even small increases in -
GTP levels should be considered a signal
of early development of
cholangiocarcinoma.

Type of | Test substance, Relevant  information Observations Reference
study/data about the study (as
applicable)
Case 2 from Aichi |addition to Kumagai |(blanket). The exposure concentration of
was exposed to 2013. 1,2-DCP was estimated to be between 72
both DCM and One case was exposed 1o and 5,200 ppm. Case 2 was a man born in
1,1,1-TCE for 11 P 1963. He worked in the printing section
years, but not to DCM e LLI-TCE and in a general offset printing company for
1,2- one only to 1,2-DCP. 11 years. He was diagnosed with
dichloropropane cholangiocarcinoma in 2007. In printing
operations, he used both kerosene and a
IARC Working mixture of 50% DCM and 50% 1,1,1-
Group members trichloroethane (1,1,1-TCE) for 11 years
confirmed that the to remove ink from a blanket. The
case exposed to exposure concentration of DCM was
DCM only was the estimated to be between 240 and 6,100
same case without ppm. He was simultaneously exposed to
exposure to 1,2- similar levels of 1,1,1-TCE.
DCP reported by
I;/IHLW’ 2913? Conclusions: Because the offset printing
rom the Aichi . .
Prefecture. process may cause cholangmcarcmqma,
occupational history should be examined
for patients with this cancer.
Case series | DCM and 1,2-DCP [ Study  location  and | Type of tumour: cholangiocarcinoma Kumagai,
period: 2014b
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Osaka, Japan

January 1, 1985, and

December 31, 2012
Subject analysed:

116 workers (94 men and
22 women) who had
worked in the offset
colour proof printing
section at the printing
company in  Osaka
between 1985 and 2012.

Objective: to examine the risk of bile duct
cancer among current and former workers
in the offset colour proof printing
department at a printing company in
Osaka, Japan.

Results: Among 106 workers with a total
of 1,452.4 person-years of exposure, 17
bile duct cancer cases were observed,
resulting in an estimated overall
Standardized Incidence Ratios (SIR) of
1,132.5 (95% confidence interval (CI):
659.7-1,813.2). The SIR was 1,319.9
(95% CI: 658.9-2,361.7) for those who
were exposed to both DCM and 1,2-DCP,
and it was 1,002.8 (95% CI: 368.0-
2,182.8) for those exposed to 1,2-DCP
only. SIRs tended to increase according to
years of exposure to 1,2-DCP but not
DCM when a S5-year lag time was
assumed. The SIRs were higher for the
cohorts in which observation started in
1993-2000, particularly in cohorts in
which it started in 1996-1999, compared
with those in which it started before or

Type of | Test substance, Relevant  information Observations Reference
study/data about the study (as
applicable)
Retrospective | Exposure: Study  location  and | Type of tumours: cholangiocarcinoma Kubo,
study dichloromethane period: . ] . 2014
and 1o- Aim of the study: to clarify the
. | Japan, 1996 to 2013 from | characteristics of the patients with
dichloropropane. . . )
13 hospitals. cholangiocarcinoma.
;Fileosurlzerlod f[)(f 17 cases of | Results: The cholangiocarcinoma was
Pos .| cholangiocarcinoma diagnosed at 2545 years old (mean 36
chlorinated organic .
solvent ranged among 111 men who |years). They were exposed to chemicals,
were former or current | including DCM and 1,2-DCP. The serum
from 6 years, 1 ; ..
workers at an  offset | y-glutamyl transpeptidase activity was
month to 16 years, o . . .
. 4| colour proof-printing | elevated in all patients. Dilated
1 month (median: 9 ) I )
cars, 7 months) department at at the same | intrahepatic bile ducts without tumour-
years, " | Osaka printing company | induced obstruction were observed in five
as in Kumagai, 2013. patients. The cholangiocarcinomas arose
Based on data from a from the large bile ducts. .The
precancerous or early cancerous lesions,
subsequent government o . oy 1 .
. S such as biliary intraepithelial neoplasia
investigation (MHLW, . .
. and intraductal papillary neoplasm of the
2013b) and  clinical |, . . .
) . .. |bile ducts, as well as non-specific bile
records, with description S .
L duct injuries, such as fibrosis, were
of  the clinico- . . . .
. observed in various sites of the bile ducts
pathological ) . . .
. in all eight patients for whom operative
characteristics of cancers. . .
specimens were available.
In conclusion, the results showed that
cholangiocarcinomas occurred at a high
incidence in relatively young workers of
a printing company, who were exposed to
chemicals including chlorinated organic
solvents.
Retrospective | 1,2-DCP and DCM | Study  location  and | Type of tumour: bile duct Sobue,
cohort study period: 2015
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chemical exposure
concentrations was
obtained from the
Ministry of Health,
Labour and
Welfare, Japan.

Osaka, Japan,
2012
Subject analysed:

the subjects included four
printing workers and one
coating worker who were
employed at small-scale
plants (fewer than 50
employees) and one
printing worker who was
employed at a middle-
scale plant (50-299
employees).

the chemicals used by five printing
workers and one coating worker who
developed  cholangiocarcinoma  and
estimate the workers’ levels of chemical
exposure.

Results: All five printing workers were
exposed to both 1,2-DCP and DCM. The
estimated maximum exposure
concentrations for each of the five
workers were 190 to 560 ppm for 1,2-
DCP and 300 to 980 ppm for DCM, and
the estimated shift average exposure
concentrations were 0 to 230 ppm for 1,2-
DCP and 20 to 470 ppm for DCM.

The coating worker was exposed to 1,2-

Type of | Test substance, Relevant  information Observations Reference
study/data about the study (as
applicable)
after 1993-2000.
Conclusions: an extraordinarily high risk
of bile duct cancer among the offset
colour proof printing workers was
observed. Elevated risk may be related to
cumulative exposure to 1,2-DCP, but
there remains some possibility that a
portion of the risk is due to other
unidentified substances.
Case study Exposure: Study  location  and | Type of tumour: cholangiocarcinoma. Yamada,
12-DCP, DCM, | Period: Objective: This study aimed to identify | 20> 2
. Osaka, Japan, the chemicals used by seven printing
chemical exposure
. workers who developed
concentrations was | 2012 . .
. cholangiocarcinoma, as well as to
obtained from the . . .
. Subject analysed: estimate the levels of chemical exposure
Ministry of Health, amone them
Labour and | the subjects included five & '
Welfare, Japan. printing workers who | Results: Four of the seven printing
were employed at small- | workers were exposed to both 1,2-DCP
scale  printing plants|and DCM. The estimated maximum
(those with fewer than 50 | exposure concentrations for each of the
employees), and two | four workers were 230 to 420 ppm for
printing workers who | 1,2-DCP and 58 to 720 ppm for DCM,
were employed  at|and the estimated shift average exposure
middle-scale plants | concentrations were 0 to 210 ppm for 1,2-
(those with 50299 | DCP and 15 to 270 ppm for DCM. The
employees). remaining three workers were exposed to
. DCM but not 1,2-DCP. The estimated
All subjects were . trati ¢
diaenosed with | maximum exposure - concentrations o
h gl . . d DCM for each of the three workers were
cholanglocaremnoma anc o 14 1,300 ppm, and the estimated shift
were  recognized  as .
) average exposure concentrations were 84
having developed an
. . to 440 ppm.
occupational disease by
the MHLW. Conclusions: The findings suggest that
DCM may contribute to the development
of cholangiocarcinoma in humans.
Case study Exposure: Study  location  and | Type of tumour: cholangiocarcinoma. Yamada,
1,2-DCP, DCM. period: Objective: This study aimed to identify 2015b
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Type of

study/data

Test substance,

information
study (as

Relevant
about the
applicable)

Observations

Reference

DCP, but not DCM. He did not use ink,
and thus was subjected to different
conditions than the printing workers. The
estimated maximum exposure
concentration of 1,2-DCP was 150 ppm,
and the estimated shift time-weighted
average exposure concentration was 5 to
19 ppm.

Conclusions: Our findings support the
notion that 1,2-DCP contributes to the
development of cholangiocarcinoma in
humans and the notion that DCM may
also be a contributing factor. The finding
that the coating worker was exposed to
1,2-DCP at a lower exposure
concentration s important for
determining the occupational exposure
limit. Furthermore, the subject did not use
ink, which suggests that ink did not
contribute to the development of
cholangiocarcinoma.

Cohort study

Exposure:

1,2-DCP

Exposure
concentrations for
printing  workers
were measured.

Study  location  and

period:

Osaka, Japan. 1987 and
2006.

Subject analysed: 95
workers of a printing
company (78 men and 17
women) who had been
exposed to 1,2-DCP.

Aim of the study: to evaluate the
relationship between cumulative
exposure to 1,2-DCP and incidence risk
of cholangiocarcinoma among workers in
the offset proof-printing section of a
small printing company in Osaka, Japan.

Results:

Cumulative exposures to 1,2-DCP ranged
from 32 to 3433 ppm-years (mean, 851
ppm-years) and the SIR was 1171 (95%
CI 682 to 1875). In the analysis of the
four exposure categories, SIRs increased
significantly in the three highest exposure
categories, but not in the lowest category.
Adjusted rate ratios (RRs) in the middle
and high exposure categories were 14.9
(95% CI 4.1 to 54.3) and 17.1 (95% CI
3.8 to 76.2), respectively, in the analysis
without lag time, and were 11.4 (95% CI
3.3 to 39.6) and 32.4 (95% CI 6.4 to
163.9), respectively, in the analysis with
a 5-year lag. The trend analysis revealed
a significant increase in RR in association
with increasing cumulative exposure to
1,2-DCP.

DCM exposure was not significantly
associated with the development of
cholangiocarcinoma.

In conclusions the study demonstrated an
exposure—response relationship between
exposure to 1,2-DCP and the
development of cholangiocarcinoma.

Kumagai,
2016
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10.9.1 Short summary and overall relevance of the provided information on carcinogenicity

All the available information on human studies, animal studies and mechanistic data were taken into
account for the hazard evaluation. Most of these data were reported in the IARC monograph 110
(IARC, 2017) and in the Chemical Safety Report (CSR) provided by the Registrant(s). The most
recent publications were also taken into consideration.

Human data

The IARC monograph 110 classified as limited the evidence in humans for the carcinogenicity of
DCM based on a positive association between DCM exposure and cancer of biliary tract and non-
Hodgkin lymphoma (NHL) (IARC, 2017).

Most evidence derives from epidemiological studies conducted in relation to occupational exposure.
They include cohort studies of workers producing cellulose triacetate fibres and films, cohort studies
of aircraft workers exposed to multiple solvents including DCM; case-control studies of several
different cancers and occupational exposure to solvents; case series, case-control and cohort studies
of workers employed in the printing industry in Japan, who were exposed to DCM, 1,2-DCP, and
other solvents. Few studies refer to residential exposure to DCM (see tables 16 and 17).

Cancers of liver and biliary tract

The occupational cohort mortality study of Lanes in the USA (Lanes, 1993) included 1271 workers
followed-up from 1954 to 1990, employed in the production of cellulose triacetate fibre that entailed
exposure to DCM, but not to 1,2-DCP. The authors reported a positive association for cancer of the
liver and of biliary tract (SMR, 2.98; 95% CI, 0.81-7.63 — 4 obs). All 4 deaths occurred among
employees with > 10 years of employment and > 20 years since first employment (SMR, 5.83; 95%
CI, 1.59-14.92), and three out of these four deaths were due to cancer of the biliary tract. The SMR
estimated for the three cancer cases of the biliary tract alone was very high (SMR, 20; 95% CI, 5.2—
56) as reported in the previous analyses (Lanes, 1990). Although some of the subjects were also
exposed to acetone and methanol, the IARC Working Group considered this an unlike explanation
for the observed risks because they were not known to be linked to cancer of the liver (IARC, 2017).
An occupational cohort mortality study of another facility in the USA (Gibbs, 1996) similar to that
reported by Lanes (Lanes, 1993), followed up 3211 workers from 1970 to 1989. This study did not
show an association between DCM exposure and cancers of the liver and biliary tract (SMR, 0.78;
95% CI, 0.09-2.81, 2 deaths). Both deaths were actually cancers of the biliary tract. The IARC
working group noted that though the authors did not report an SMR specific for cancer of the biliary
tract, if the value were to be computed, it might be higher than that reported for liver and biliary tract
combined. To this regard an other study (Dell, 1999) reported that biliary passage cancers are much
rarer than liver cancers, suggesting that the relative risk for biliary cancers would be much higher.

A cohort mortality study of workers at a plant producing cellulose triacetate film base, in England
(Tomenson, 2011) extending earlier analyses (Tomenson, 1997), included 1785 male workers who
had been employed at the site at any time between 1946 and 1988, and followed until 2006, of whom
1473 had been employed in jobs with potential exposure to DCM. The workers had been also exposed
to acetone and methanol. Four exposure categories were identified based on cumulative exposure, but
30% of the exposed could not be classified because employment histories were insufficiently precise.
No cancers of the liver were observed among exposed or unexposed workers. Among the limits of
the study there was a small number of deaths, which limited the ability to conduct exposure—response
analysis.

Another cohort mortality study carried out in USA (Hearne and Pifer, 1999), updating previous
analyses, followed-up 1311 workers from 1964 to 1994 employed in the production of cellulose
triacetate fibre. Workers were exposed to DCM with measured exposure concentrations, and also to

[04.01-MF-003.01]

62



CLH REPORT FOR DICHLOROMETHANE

methanol, 1,2-DCP,1,2-dichloroethane, acetone, and benzene, but exposure levels were not reported
for these agents. The study showed SMRs for cancer of the liver less than unity, based on one death.
A series of studies investigated the occurrence of cancer of the liver and biliary tract in workers
of a printing company in Osaka, Japan in relation to the exposure to DCM, 1,2-DCP, and other
solvents. In a study (Kumagai, 2013), an exceptionally high incidence of cholangiocarcinomas and
exposure to DCM and 1,2-DCP was observed in former and current workers; all 11 observed cases
were exposed to 1,2-DCP, and 10 of them were also exposed to DCM. The SMR for
cholangiocarcinoma was 2900 (expected deaths: 0.00204, 95% CI 1100 to 6400) for all workers
combined. Later, two additional cases of cholangiocarcinoma were described in workers employed
in two different printing shops in Japan. One of the two had been co-exposed to DCM and to 1,1,1-
trichloroethane (1,1,1-TCE), the other had been exposed to 1,2-DCP and to white gasoline (Kumagai,
2014a).
An retrospective study (Kubo, 2014) reported overall 17 cholangiocarcinoma patients identified in
13 hospitals, starting from 111 former or current workers employed at the printing company in Osaka,
as of June 2013. The 17 cholangiocarcinomas were diagnosed at early age (2545 years old - mean
36 years). All 17 patients were men exposed to 1,2-DCP, 11 patients were also exposed to DCM, and
8 were also exposed to 1,1,1-TCE. Many other chemicals, however, had been used in the printing
department (dichlorofluoroethane, 2-butanol, 2-methylpen-tane, 3-methylpentane, n-hexane,
cyclohexane, isopropyl alcohol, ethanol, diethylene glycol, monobutyl ether, propylene glycol,
monomethyl ether, 2-methyl-2,4-pentadiol, 3-methyl-3-methoxybutanol, solvent naphtha, xylene,
mineral oil, hydrocarbons, aromatic hydrocarbons and inks), but these chemicals were ruled out as
possible causative agents because of their low amount used and/or short period of exposure. At the
time of diagnosis, the serum y-glutamyl transpeptidase (y-GTP) activity was elevated in all patients.
Another study from Kumagai (Kumagai, 2014b) concerned 10 out of 17 cholangiocarcinoma patients
identified among workers employed at the Osaka printing company. These subjects gave consent to
access their blood and health examination records during employment and after retirement. Patients
resulted without any known risk factors of cholangiocarcinoma including primary sclerosing
cholangitis, liver fluke infestation, biliary stones, fibropolycystic liver disease, viral hepatitis,
exposure to thorotrast, and heavy drinking and smoking. All patients had worked at the company for
6—19 years. Cases were all exposed to 1,2-DCP for 6—17 years and kerosene for 6—19 years, with
five of them also exposed to DCM for 2—8 years. Moreover, 3 patients were exposed to 1,1,1-
trichloroethane, and 3 to glycol ethers, alcohols and/or cycloaliphatic hydrocarbons. The y -GTP
levels exceeded the standard range 4—11 years after the first exposure to 1,2-DCP, and patients were
diagnosed with cancer 2—10 years after the increase in y -GTP levels. 5 of these patients were also
exposed to DCM. The study highlighted that even small increases in y-GTP levels should be
considered a signal of early development of cholangiocarcinoma.
Yamada, 2014 aimed to identify chemicals used by printing workers with cholangiocarcinoma, as
well as the levels of exposure to the chemicals in printing companies like the Osaka plant. He
identified six printing workers employed at three plants (Miyagi, Fukuoka, and Hokkaido). All six
workers had been exposed to 1,2-DCP for 10—16 years. The estimated working environment
concentrations of 1,2-DCP in the printing rooms were 17—-180 ppm and estimated exposure
concentrations during the ink removal operation were 150—620 ppm. Shift TWA (Time Weighted
Averages) values were estimated to be 62—240 ppm. Four of the six workers had also been exposed
to DCM at estimated working environment concentrations of 0—98 ppm and estimated exposure
concentrations during the ink removal operation of 0—560 ppm. Shift TWA values were estimated to
be 0—-180 ppm. Other chlorinated organic solvents (1,1,1-trichloroethane, 1,1-dichloro-1-
fluoroethane) and petroleum solvents (gasoline, naphtha, mineral spirit, mineral oil, kerosene) were
also used in the ink removal operation.
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The most recent studies, published since last JARC monograph on DCM (IARC, 2017)
continue to suggest a possible role of DCM exposure in the development of cholangiocarcinoma in
humans (Yamada 2015a and Yamada 2015b, Sobue 2015, Kumagai, 2016).

In his second report, chemical exposure levels in 7 printing workers with cholangiocarcinoma not
included in the previous report were assessed (Yamada, 2015a). Four of the seven printing workers
with intrahepatic or extrahepatic bile duct cancer (cholangiocarcinoma) were exposed to both 1,2-
DCP and DCM. The estimated maximum exposure concentrations for each of the four workers were
230 to 420 ppm for 1,2-DCP and 58 to 720 ppm for DCM, and the estimated shift average exposure
concentrations were 0 to 210 ppm for 1,2-DCP and 15 to 270 ppm for DCM. The remaining three
workers were exposed to DCM but not to 1,2-DCP. The estimated maximum exposure concentrations
of DCM for each of the three workers were 600 to 1,300 ppm, and the estimated shift average
exposure concentrations were 84 to 440 ppm. The authors suggest that DCM may contribute to the
development of cholangiocarcinoma in humans.

In the third report (Yamada, 2015b), chemical exposure levels in further 5 printing and 1 coating
workers with cholangiocarcinoma were analysed. All five printing workers were exposed to both 1,2-
DCP and DCM. The estimated maximum exposure concentrations for each of the five workers were
190 to 560 ppm for 1,2-DCP and 300 to 980 ppm for DCM, and the estimated shift average exposure
concentrations were 0 to 230 ppm for 1,2-DCP and 20 to 470 ppm for DCM. The coating worker was
exposed to 1,2-DCP, but not to DCM. He did not use ink, and thus was subjected to different
conditions than the printing workers. The estimated maximum exposure concentration of 1,2-DCP
was 150 ppm, and the estimated shift TWA exposure concentration was 5 to 19 ppm. The authors
concluded that their findings support the notion that 1,2-DCP contributes to the development of
cholangiocarcinoma in humans and the notion that DCM may also be a contributing factor.

A retrospective cohort study was carried out to examine the risk of bile duct cancer among current
and former workers in the offset colour proof printing department at a printing company in Osaka,
between 1985 and 2012 (Sobue, 2015). Among 106 workers, a total of 1,452.4 person-years and 17
bile duct cancer cases were observed (11 cases exposed to both DCM and 1,2-DCP, and 6 exposed to
1,2-DCP only). Age at diagnosis was between 20—29 years for 2 cases, 30—39 years for 11 cases and
40—49 years for 4 cases. DCM and 1,2-DCP were used to remove ink from the ink rollers. Both
chemicals were used between April 1991 and February 1996, and subsequently only 1,2-DCP was
used until October 2006. Those who had worked during the period 1996—1999 had higher risks, which
implies that some substances or conditions present in this period have some role in increasing the risk
of bile duct cancer. The study highlighted a very high risk from cholangiosarcomas among all
workers, resulting in an estimated overall SIR of 1,132.5 (95% confidence interval (CI):
659.7—1,813.2). The risk of cholangiosarcomas was always higher in workers exposed to both 1.2-
DCP and DCM than among workers exposed only to 1,2-DCP. At lag 0 year, the SIR was 1,319.9 for
those who were exposed to both DCM and 1,2-DCP, and 1,002.8 for those exposed to 1,2-DCP only.
At lag 3 year, the SIR was 1,372.4 for workers exposed to both chemicals, and equal to 1,150.5 for
those exposed to 1,2-DCP only. The same pattern was also evident at lag 5 year: SIR=1,422.9 in
workers exposed to both solvents, and 1,319.8 for those exposed to 1,2-DCP only.

Although no clear association with years of exposure appeared when assuming a 0- or 3-year lag
time, the SIRs tended to increase with years of exposure to 1,2-DCP but not DCM when a 5-year lag
time was assumed. In terms of ability to explore associations with length of exposure, DCM was used
over a period of 5 years (1991-1996) while 1,2-DCP was used for about 16 years (from 1991 to 2006).
The authors concluded that elevated risk may be related to cumulative exposure to 1,2-DCP, but also
that there remains some possibility that a portion of the risk is due to other unidentified substances.
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A further study (Kumagai, 2016) evaluated for the first time the relationship between cumulative
exposure (ppm-years) to 1,2-DCP and risk of cholangiocarcinoma among 95 workers of the Osaka
printing plant who had been exposed to 1,2-DCP between 1987 and 2006. Cumulative exposures to
1,2-DCP ranged from 32 to 3433 ppm-years (mean, 851 ppm-years) and the SIR was 1,171 (95% CI
682 to 1,875 — 17 cases).

Workers were mainly exposed to both 1,2-DCP and DCM solvents (62 subjects), about a third were
exposed only to 1,2-DCP (33 subjects), while no one was exposed to DCM alone. The SIR was higher
among DCP/DCM workers, compared to DCP workers: 1275 (95% CI 636 to 2280) and 1019 (95%
CI 374 to 2218), respectively, but the 95% Cls for these estimates overlapped each other, the
difference in SIR was not conclusive.

Adjusted RRs in the middle and high exposure categories were 14.9 (95% CI 4.1 to 54.3) and 17.1
(95% CI 3.8 to 76.2), respectively, in the analysis without lag time, and 11.4 (95% CI 3.3 to 39.6)
and 32.4 (95% CI 6.4 to 163.9), respectively, in the analysis with a 5-year lag. However, the 95% Cls
of the RR estimates in the middle and high exposure categories always overlapped each other, again
making the differences among exposure classes not conclusive.

The Poisson regression and trend analysis revealed a significant increase in RR in association with
classes of increasing cumulative exposure to 1,2-DCP, while the presence/absence of DCM exposure
was not significantly associated with the development of cholangiocarcinoma. The authors concluded
that they could not determine whether DCM contributed to the development of cholangiocarcinoma.
However, the results of Poisson regression analyses (supplementary material in the web appendix of
the paper) showed that the incidence rate of cholangiocarcinoma, in a single regression model,
significantly increases with increasing levels of cumulative exposure to DCM (continuous variable).
Moreover, this increase (B coefficient =0.0023- 1C95%: 0.0012 — 0.0033) was higher than that
observed for 1,2-DCP (B coefficient = 0.0014, IC95%: 0.0010 — 0.0018). In the supplementary
material, the multiple regression model including both 1,2-DCP and DCM cumulative exposures,
reveal only the P coefficient related to 1,2-DCP remains significant, and this might reflect, according
to the authors, the positive correlation between the cumulative exposure to these two solvents
(Pearson’s correlation coefficient = 0.6).

Some aspects have to be mentioned in relation to the evidence in humans of a carcinogenic
effects of DCM exposure in the risk of cholangiocarcinoma. The cancer of biliary tract is rare, while
its incidence was enormously high, in particular among workers of the printing plants in Japan, and
characterised by an early age at diagnosis. Exposure to DCM occurred some decades ago (in the early
90s), and among workers principally exposed to 1,2-DCP, but also to several other chemicals, making
it very complex to retrospectively attribute the observed excess of risks to specific agents.

An aspect that deserves some attention is that cancers of the biliary tract were also diagnosed among
workers exposed to DCM but not to 1,2-DCP, and this was seen both among those employed in the
production of cellulose triacetate fibre (Lanes 1990, 1993), and among subject working in the printing
companies in Japan (Kumagai, 2014a; Yamada, 2015a). The cohort from Lanes (1990, 1993) enrolled
workers in activities (preparation and extrusion areas) that entailed exposure to the highest
concentrations of DCM, estimated to be substantially greater than for the cohort of photographic film
manufacturers (Hearne, 1987). The 3 deaths from cancer of the biliary passages (2 among females)
occurred after ten or more years of employment and at least 20 years since first employment, with a
risk 20 times higher than in the general population (SMR =20, 95 % CI 5.2-56).

The case of cholangiocarcinoma identified by Kumagai (Kumagai, 2014a) diagnosed at age 41 years,
was employed at a general offset printing company in Nagoya, Japan, and engaged in printing
operations. He was exposed to DCM for 11 years to a concentration estimated to be between 240 and
6,100 ppm, and was not exposed also to other risk factors for cholangiocarcinoma (liver fluke
infection, primary sclerosing cholangitis, biliary malformation, biliary stone, viral hepatitis, heavy
drinking and smoking, and exposure to chemicals such as thorotrast). Other three workers with
cholangiocarcinoma, employed in printing activities in Japan, were exposed to DCM but not to 1,2-
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DCP. The estimated maximum exposure concentrations of DCM for each of the three workers were
600 to 1,300 ppm, and the estimated shift average exposure concentrations were 84 to 440 ppm
(Yamada, 2015a).

A further point of interest about a possible carcinogenic role of DCM in the development of
cholangiosarcoma is that, in almost all available studies, when assessed, the risk of biliary tract cancer
was higher in subjects exposed to both 1,2-DCP and DCM than in workers exposed to 1,2-DCP but
not to DCM, though the 95% CIs often overlapped each other, making the differences in risk not
conclusive.

The data reported above show that there is an evidence about the association between cumulative
exposure to 1,2-DCP and increased incidence of cholangiocarcinoma (Kumagai, 2016), which
suggests that an exposure—response relationship exists for this solvent. Because the primary objective
of this study was to assess the relationship between cholangiocarcinoma and exposure to 1,2-DCP,
the analyses for DCM were limited. This same study did not show a significant effect of exposure to
DCM on incidence risk when it is analysed as dichotomous variable (presence/absence), while
revealed a statistically significant positive association of cholangiocarcinoma risk with cumulative
exposure to DCM (continuous variable) in Poisson regression analysis.

Non-Hodgkin lymphoma (NHL)

In the IARC monograph 110 (IARC, 2017) two cohort studies (Hearne and Pifer, 1999; Radican,
2008) and three case—control studies (Miligi, 2006; Seidler, 2007; Wang, 2009) have been analysed
concerning the risk for non-Hodgkin lymphoma (NHL) in relation to occupational exposure to DCM,
and all except one cohort study reported increased risks among exposed workers.

The cohort study (Hearne and Pifer, 1999), analysed mortality data of workers at a plant producing
cellulose triacetate film base, in the USA. It included 1013 male workers who had been employed in
the roll-coating department at any time between 1964 and 1970 and were followed until 1994. The
SMR for NHL was less than unity, based on two cases. Workers may have also been exposed to
methanol, 1,2-dichloropropane ,1,2-dichloroethane, acetone, and benzene, but exposure levels were
not reported for these agents. The small numbers of exposed cases hamper the analysis of exposure—
response patterns, and was reported by IARC as an important limitation of this study.

The cohort mortality study from Radican (Radican, 2008) included workers at a military-aircraft
maintenance facility in the USA, updating earlier studies (Spirtas, 1991; Blair, 1998). The cohort
consisted of civilian employees employed between 1952 and 1956 and followed until 2000. Workers
were exposed to numerous chemicals. Exposure was assessed quantitatively for trichloroethylene,
and qualitatively (ever/never) to other agents including DCM. The number of workers exposed to
DCM was 1222. Exposure to DCM was associated with increased risks (hazard ratio, HR) of NHL
(HR, 2.02; 95% CI, 0.76-5.42; 8 exposed cases).

In three case-control studies (Miligi 2006; Seidler, 2007; Wang, 2009) a positive association between
DCM exposure and occurrence of NHL was reported.

In a case—control study conducted in Italy (Miligi, 1996) to evaluate the association between risk of
lymphoma and exposure to DCM and nine other organic solvents. The study included 1428 cases of
NHL and 1530 controls. Probability and intensity of occupational exposure to individual chemicals
and chemical classes were assigned by expert assessment. Odds ratios were adjusted by area, sex,
age, and education, excluding subjects with low probability of exposure. The odds ratio (OR) for
NHL in the category for combined medium- and high-intensity exposure to DCM was 1.7 (95% CI,
0.7-4.3; 13 cases; P for trend, 0.46). Among the NHL subtypes, an odds ratio for DCM was reported
only for small lymphocytic NHL: for medium or high exposure, the odds ratio was 3.2 (95% CI, 1.0-
10.1).

A case—control study to examine the relationship between malignant lymphoma and exposure to eight
organic solvents including DCM was conducted (Seidler, 2007). The study included 710 LNH and
710 general-population controls matched for area, sex, and age collected from six areas in Germany.
Exposure was assessed for several chlorinated solvents, with metrics of intensity, frequency, and
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confidence assigned by an industrial hygienist, and cumulative exposure was calculated. Odds ratios,
adjusted for smoking and alcohol consumption, for high cumulative exposure to DCM were 2.2 (95%
CI, 0.4-11.6; P for trend, 0.40) for all lymphomas, and 2.7 (95% CI, 0.5-14.5; P for trend, 0.29) for
B-cell NHL. A third case-control study examined the association between NHL and exposure to nine
organic solvents including DCM, among 601 female cases, and 717 general-population controls,
matched for age, in Connecticut, USA (Wang, 2009). Probability and intensity of exposure to solvents
were assigned using a previously developed job-exposure matrix. Odds ratios, adjusted by race, age,
family history of haematopoietic cancer, and alcohol consumption, showed that subjects ever-exposed
to DCM had an increased risk of NHL (OR, 1.5; 95% CI, 1.0-2.3). The working group of IARC
(IARC, 2017) observed that analyses by intensity and probability of exposure indicated elevated ORs,
but trends were not statistically significant.

A further study carried out in a subset of the population studied by Wang (Wang, 2009) evaluated
whether genetic variation in four genes involved in metabolism (CYP2E1,EPHX1, NQO1, MPO)
modifies associations between exposure to organic solvents and risk of NHL (Barry, 2011). Ever-
exposure to DCM entailed elevated risk of NHL (OR, 1.69; 95% CI, 1.06-2.69), and it was higher
among ever-exposed women with the TT genotype for CYP2E1 rs2070673 (OR, 4.42; 95% CI, 2.03—
9.62), while no effects of DCM was observed among women with the TA or AA genotype (OR, 0.80;
95% (I, 0.36—1.75). Similar patterns were observed for diffuse large B-cell lymphoma and follicular
lymphoma. The IARC Working Group (IARC, 2017) noted that the functional role of the CYP2E1
polymorphism is unclear.

The IARC (IARC, 2017) in its summary of human carcinogenicity data stated that while positive
associations for NHL were consistent among studies using different designs, and in several countries,
most subjects were exposed to several solvents (some of which have been previously associated with
NHL) and the risk estimates were based on small numbers. This association was also suggested in
two studies (Talibov, 2017 and Park, 2017) not included in the evaluation of IARC (IARC, 2017). In
the first sudy (Talibov, 2017) was observed a significantly increased risk for cumulative DCM
exposure <12.5 ppm-years (OR 1.19, 95% CI 1.01-1.41) and 12.5-74.8 ppm-years (OR 1.23, 95%
CI 1.01-1.51) among men in an analysis with 5 years lag-time, though without dose-response pattern.

In the other study (Park, 2017) some possible excess risks, based on very small numbers, when
analysing childhood CLL and DCM within a 3 km buffer between residences and emitting facilities
were observed, though not supported by statistical significance.

Other Cancer types

Cancers of brain and central nervous system

An association between astrocytic cancer of the brain and exposure to six chlorinated solvents was
found but the reliability of the exposure assessment was judged to be relatively low because
occupational information was obtained from the next of kin (Heinmann, 1994).

In an other case-control study (Cocco, 1999) the association between mortality from the cancer of the
brain and other parts of central nervous system and exposure to 11 factors including DCM was
studied. After adjusting for age at death, marital status, and socioeconomic status, the odds ratio for
the association of exposure to DCM and all cancer of the central nervous system (CNS) was 1.2 (95%
CI, 1.1-1.3). Odds ratios were generally similar for all categories of probability and intensity of
exposure. Then, no evidence of a strong contribution of 11 occupational hazards to the etiology of
CNS cancer was reported in the study.

In an other study the effects of parental occupational chemical exposures on incidence of
neuroblastoma in offspring was evaluated (De Roos, 2001). Maternal exposures to most chemicals
were not associated with neuroblastoma. Paternal exposures to hydrocarbons such as diesel fuel (odds
ratio (OR) = 1.5; 95% confidence interval (CI): 0.8, 2.6), lacquer thinner (OR = 3.5; 95% CI: 1.6,
7.8), and turpentine (OR = 10.4; 95% CI: 2.4, 44.8) were associated with an increased incidence of
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neuroblastoma, as were exposures to wood dust (OR = 1.5; 95% CI: 0.8, 2.8) and solders (OR = 2.6;
95% CI: 0.9, 7.1). The increased incidence of neuroblastoma is not specifically related to DCM
exposure.

In a hospital-based case-control study to examine associations between glioma and meningioma and
exposure to six chlorinated solvents including DCM was conducted (Neta, 2012). Odds ratios
adjusted for the matching factors did not show any association between glioma or meningioma and
overall exposure to DCM or other metrics, including duration, intensity, and cumulative exposure.
A population-based case-control study to examine associations between glioma and exposure to six
chlorinated solvents including DCM was conducted (Ruder, 2013). There were no associations
between glioma and overall exposure to DCM, or exposure probability and cumulative exposure.
Among the studies not included in the IARC monograph 110 (IARC, 2017) there is a study that
carried out a retrospective comparative population study in an area around a plant using DCM in the
shoe soles production in Cyprus from 1983 until 2009 (Makris, 2018). Mean stack emissions of DCM
of 88 mg/Nm3 and flow rates of 850 g/h exceeded the permissible DCM limits established for
industrial zones by the EU Directive. Brain and CNS cancer incidence rates were much higher in the
study area around the plant when compared with those observed in other areas of Cyprus. Among
people living or working in the area within a radius of 500 meters from the plant, standardized
incidence ratios for brain/CNS cancer, after adjusting for the age at diagnosis, was 6.5 (95% CI 3.02
: 12.3), based on 8 observed cases versus 1,2 expected.

Breast cancer

The IARC classified as inadequate the evidence on the association between DCM exposure and the
risk of cancer types different form the ones discussed above (IARC, 2017).

Among those, breast cancer entails some specific concern as this neoplasm has been observed to be
at risk among rats exposed to DCM. One of the early studies concerned occupational exposures and
female breast cancer mortality in USA. A suggestive association for probability and level of exposure
were found for DCM. The cohort mortality study in USA (Radican, 2008) included civilian
employees at the military-aircraft maintenance facility exposed to numerous chemicals, including
DCM. DCM exposure was assessed qualitatively (ever/never) and the results showed a possible
excess risk of female breast cancer (HR, 2.35; 95% CI, 0.98-5.65, based on 6 exposed cases).

A recent prospective cohort (Niehoff, 2019) based on 49,718 women from the Sister Study, identified
2975 women with newly diagnosed breast cancer, and the incidence was examined in relation to 29
non-metallic hazardous air pollutants previously found to be mammary gland carcinogens in animal
models and part of the 2005 National Air Toxics Assessment (NATA). Several air toxics were
associated with increased risk, and among these, DCM was most consistently associated with risk
across multiple analyses. It was associated with overall (HR quintile 4vs1 =1.21 (95%CI=1.07-
1.38)) and estrogen receptor positive (ER+) invasive breast cancer (HR quintile 4vsl=1.28
(95%CI=1.08-1.52)) in individual pollutant models, although no dose-response was observed.

Conclusion on Human data

Overall, the DS, based on the assessment of the currently available pertinent epidemiological studies,
supports the previous evaluation of the IARC that “there is limited evidence in humans for the
carcinogenicity of dichloromethane” (IARC, 2017). The DS conclusion is mainly based on the
confirmed positive association between DCM exposure and cancer of biliary tract, and, at less extent,
on evidence concerning non-Hodgkin lymphoma.

Animal data:

There were six studies of carcinogenicity with DCM in mice: in two studies DCM was administered
orally to both males and females (one in drinking-water, and one by gavage), in three studies by
inhalation (two in males and females, one in females), and in one study DCM was injected
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intraperitoneally in males. Moreover, there were seven carcinogenicity studies with DCM in rats: two
oral administration studies (one drinking-water study in males and females and one gavage study in
males and females), five inhalation studies (four in males and females, one in pregnant females and
their male and female offspring). Only one study is available in hamster following DCM exposure by
inhalation (both in males and females).

Studies in Mice

In the oral study in mice (Serota, 1986a) two control groups were used. At the highest dose in male
mice the incidence of hepatocellular carcinomas showed a statistically significant increase only when
compared with the first control group. Treatment-related toxic effects were observed in the liver of
both male and female B6C3F mice following administration of DCM in drinking water. A statistically
significant increase in hepatocellular carcinoma was reported at the highest dose in males, but the
value was within the range of historical controls. A slight increase in proliferative hepatocellular
lesions was noted in the treated male groups but was not dose related and was within historical control
ranges. Then no induction of a treatment-related carcinogenic response was reported in B6C3F mice
in the experimental conditions of this study. In the other oral study (Maltoni, 1988) the incidence of
pulmonary adenoma or adenocarcinoma (combined) was significantly increased in male mice only at
the highest dose. No increase was observed in female. The validity of the study is limited because,
due to an excess of mortality, at the highest dose the time of exposure was only 64 weeks, and the
study was interrupted at 78 weeks (instead of 104).

In a inhalation study in mice (NTP, 1986a) a concentration-related increases in the incidence of
bronchiolar-alveolar adenoma, carcinoma, and combined adenoma and carcinoma were reported in
both male and female B6C3F1 mice. In addition, concentration-related increases in the incidence of
hepatocellular adenoma, carcinoma, and combined adenoma and carcinoma were seen in both males
and females.

In an other study in mice (Kari, 1993) only the lung and liver were evaluated histopathologically. The
aim of the study was to assess the progressive development of liver and lung neoplasia. Additionally,
a series of stop-exposure treatments (26, 52 or 78 weeks) was conducted to evaluate the role of
different DCM exposure durations on the induction of hepatic and pulmonary neoplasia in female
mice. The incidences of bronchiolo-alveolar adenoma, bronchiolo-alveolar carcinoma, and adenoma
or carcinoma (combined), and the incidences of hepatocellular adenoma, hepatocellular carcinoma,
and adenoma or carcinoma (combined) were significantly increased in all groups in which exposure
was begun during the first 26 weeks of the study. The study was performed only in female mice. A
reduced tumour latency was reported in the study both for lung and liver tumours.

The observed tumours in the NTP study (NTP, 1986a) were confirmed in a different mouse strain
(Aiso, 2014).

A DCM-concentration related increases in the incidences of lung and liver adenomas and carcinomas
were observed. In males, a concentration-related increase in bronchiolar-alveolar carcinomas was
seen, while in females a statistically significant increase only occurred at highest dose (4000 ppm).
A statistically significant increase in hepatocellular carcinomas was seen in males and females
exposed to 4000 ppm; and an increased incidence of hepatocellular adenoma in females exposed to
4000 ppm. The incidence of liver haemangioma was significantly increased in males at the highest
dose. The incidence of liver haemangioma or haemangiosarcoma (combined) showed a statistically
significant dose-response trend in females (p<0.01). Moreover, hyperplasia in the terminal bronchiole
(this lesion may be classified as a preneoplastic lesion capable of developing into bronchiolo-alveolar
adenoma and carcinoma) and peripheral vacuolar change in the liver were increased in males and
females at the highest dose (NTP, 1986 and Aiso, 2014). Inhalation of DCM resulted in increased
incidences of bronchiolar—alveolar adenomas and carcinomas in the lung and hepatocellular
adenomas and carcinomas in male and female mice.
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A very old study performed by intraperitoneal injection is also available (Theiss, 1977). No
significant increase was found in the multiplicity of bronchiolo-alveolar adenoma in exposed male
mice.

Studies in rats

Two oral studies in rats are available. In the first study (Serota, 1986b) Fischer 344 rats were exposed
to DCM 0, 5, 50, 125 and 250 mg/kg bw/day in drinking water over 104 weeks. An additional group
received a level of 250 mg/kg bw/day for 78 weeks followed by a 26-week recovery period during
which only deionized water was presented. The increased incidence of hepatic tumours observed in
females treated at 50 and 250 mg/kg bw/day was within the range of historical control incidences. In
view of an unusually low incidence of similar tumours in the concurrent control groups and of the
absence of an increased incidence of hepatic tumours in the group treated at 125 mg/kg bw/day, the
effect seen at 50 and 250 mg/kg bw/day was not considered to be attributable to DCM treatment
(Serota, 1986b). Non-neoplastic lesions in Sprague Dawley rats treated by gavage were reported also
in the other oral study (Maltoni, 1988).

Five inhalation studies in rats are also available. In one study (Burek, 1984) there was no significant
increase in the incidence of benign or malignant tumours of the mammary gland; however, the total
number of benign tumours of the mammary gland (type not specified) showed a small dose-related
increase in males and a dose-related increase in females (statistics not reported). Exposure to 3500
ppm resulted in increased mortality in female rats during the last 6 months of exposure, compared to
control values. The mortality in the female rats at the highest dose was probably caused by the
numerous benign mammary tumours in this group. Toxic effects on the liver were also reported both
in male and female rats. The incidence of sarcoma located around the salivary glands was increased
in males at the highest dose. However, it should be noted that an infection of rats with
sialodacryoadenitis virus was reported in the study.

In an other inhalation study (NTP 1986b) a significantly increased incidence of benign tumours of
the mammary gland (all fibroadenoma, except for one adenoma in the group at the highest dose) was
observed in treated females (5/50, 11/50, 13/50, 23/50). In males there was a positive trend in the
incidences of adenoma or fibroadenoma (combined) of the mammary gland, and of fibroma or
sarcoma (combined) of the subcutis. There was no difference in the distribution of other types of
tumours in the control and treated groups.

No significant differences in tumours incidence between control and treated rats were observed in an
other study (Maltoni, 1988). However, in this study the rats were exposed to a very low level of DCM
(60 or 100 ppm).

Other data showed, no significant increase in the incidence of any tumour type was reported in males,
while a significant increase in the incidences of benign tumours of the mammary gland (adenomas
and fibroadenomas, combined) was observed only at intermediate dose in female rats (Nietschke,
1988).

Some evidence of carcinogenic activity of DCM in male and female rats, based on the increased
incidences of fibromas of the subcutis, mammary gland fibroadenomas (at the highest dose) and
peritoneal mesotheliomas (positive trend) in males and mammary gland fibroadenomas (positive
trend) in females was also reported (Aiso, 2014).

Hamster

There was only one study of carcinogenicity in hamsters treated with DCM by inhalation (Burek,
1984 reported also in EPA, 1985). An increased number of female hamsters with a benign tumour
was observed in the 3500-ppm exposure group. Moreover, a statistical significant increase of
malignant lymphoma (lymphosarcoma) was reported in the highest dose group of female hamster.
The authors of the study considered the increased tumour observed independent from DCM exposure
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and related to the higher survival. In fact, the positive results at the highest dose in females (for both
benign and malignant tumours) when corrected for the survival became not significant.

Conclusion of animal studies

In conclusion, DCM increased the incidence of hepatocellular carcinoma in two inhalation studies in
male mice (NTP, 1986a and Aiso, 2014), and in three studies of inhalation in female mice (NTP,
1986a; Aiso, 2014 and Kari, 1993). DCM increased the incidence of hepatocellular adenoma or
carcinoma (combined) in two inhalation studies in male mice and three inhalation studies in female
mice. Increased incidence of bronchiolo-alveolar carcinoma following DCM treatment was reported
in two inhalation studies in male mice and three inhalation studies in female mice, and bronchiolo-
alveolar adenoma or carcinoma (combined) in three inhalation studies in male mice and three
inhalation studies in female mice. DCM increased the incidences of haemangioma of the liver and of
all organs (including the liver) in one inhalation study in male mice, while incidence of liver
haemangioma or haemangiosarcoma (combined) showed a statistically significant dose-response
trend in females (p<0.01) (Aiso, 2014; JBRC, 2000a).

DCM increased the incidence of fibroma of the subcutis in two inhalation studies in male rats and
fibroma or fibrosarcoma of the subcutis in one inhalation study in male rats. DCM caused salivary
gland sarcomas in one inhalation study in male rats (however the sialodacryoadenitis virus was
detected in these rats; the effect of this virus on carcinogenesis is unknown).

DCM increased the incidence of mammary gland adenoma or fibroadenoma (combined) in two
inhalation studies in female rats and one inhalation study in male rats. The incidence of mammary
gland adenoma was also increased in another inhalation study in males and another one in females.
There was one inhalation study on DCM in male and female Syrian hamsters in which there was an
increase in the incidence of benign tumours only in females at highest dose, but this was considered
secondary to the increased survival of this group.

Table 18: Summary of studies showing evidence of carcinogenic effect in vivo

Mice (inhalation) Rats (inhalation)

Type of tumours Male Ferale Type of tumours Male Female
Hepatocellular Aiso, 2014 Aiso, 2014 fiboroma of the | NTP, 1986a
carcinoma NTP, 1986b NTP, 1986b subcutis Aiso, 2014

Kari, 1993
hepatocellular Aiso, 2014 Aiso, 2014 fibroma or | NTP, 1986a
adenoma or | NTP, 1986b NTP, 1986b fibrosarcoma of the
carcinoma Kari, 1993 subcutis
(combined)
bronchiolo-alveolar Aiso, 2014 Aiso, 2014 salivary gland | Burek, 1984
carcinoma NTP, 1986b NTP, 1986b sarcomas

Kari, 1993
bronchiolo-alveolar Aiso, 2014 Aiso, 2014 mammary gland | NTP, 1986a NTP, 1986a
adenoma or NTP, 1986b NTP, 1986b adenoma or Aiso, 2014
carcinoma Maltoni, 1988 Kari, 1993 fibroadenoma
(combined) (combined)
haemangioma of the | Aiso, 2014 Total number of | Burek, 1984 Burek, 1984
liver and of all organs benign mammary
(including the liver) tumours
haemangioma or Aiso, 2014*
haemangiosarcoma
(combined) in the
liver

*the increase was whithin the historical control values
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Mechanistic information:

DCM is a volatile lipophilic compound that is readily absorbed after oral, inhalation or dermal
exposure and distributed systemically. Two important metabolic pathways for the metabolism of
DCM have been characterized in humans and experimental animals. One pathway is CYP2EI-
mediated, which ultimately generates carbon monoxide (CO) and carbon dioxide (CO,) as stable end
products. One of the intermediates, formyl chloride, is reactive with nucleophiles. Glutathione
conjugation, catalysed primarily by glutathione S-transferase theta-1 (GSTT1), is the other important
metabolic pathway, and results in the formation of reactive metabolites, including formaldehyde and
S-chloromethyl glutathione. CYP2E1-mediated metabolism is predominant at lower concentrations,
but can be easily saturated, with glutathione S-transferase-mediated metabolism eventually
predominating at higher concentrations. P450 and glutathione S-transferase (GST)-mediated
metabolism of DCM are qualitatively similar between humans and rodents, but quantitative
differences exist across species, tissues, and cell types, and among individuals. Differences in GSTT1
expression and localization may be important determinants of site-specific carcinogenicity caused by
DCM. In human cells, DCM induces micronucleus formation and SCEs, but not DNA—protein cross-
links and DNA damage. In experimental animals, DCM-induced genotoxicity is associated with the
GST pathway. Studies in bacterial systems in vitro showed evidence of mutagenicity, particularly in
the presence of GST activity. Evidence for the role of GSTT1 in genotoxicity in humans is mixed.
Overall, the genotoxicity of DCM appears to be strongly associated with GST-mediated metabolism,
consistently with the formation of reactive metabolites through this pathway. However, a role of P450

in genotoxicity cannot be ruled out.

There is little evidence for non-genotoxic mechanisms of carcinogenesis with DCM. No studies with
DCM in humans have investigated whether GSTT1 polymorphisms are associated with cancer.

10.9.2 Comparison with the CLP criteria

Table 19: Results of human and carcinogenicity studies in comparison to the CLP criteria

Human and Toxicological results

CLP criteria

The assessment of the currently available pertinent
epidemiological studies performed by DS supports the
evaluation of the IARC (IARC, 2017) that “there is
limited evidence in humans for the carcinogenicity of
dichloromethane”. The DS conclusion is mainly based
on the confirmed positive association between DCM
exposure and cancer of biliary tract, and, at less extent,
on evidence concerning non-Hodgkin lymphoma.

Thus a classification as Carc. 1A is not appropriate for
DCM.

Category 1A (known human carcinogen), known to
have carcinogenic potential for humans, classification
is largely based on human evidence The
classification in Category 14 ... is based on strength of
evidence together with additional considerations ...
Such evidence may be derived from human studies that
establish a causal relationship between human
exposure to a substance and the development of cancer
(known human carcinogen) (EC, 2008).

The evidence relevant to carcinogenicity from studies in
humans is classified into one of the following
categories:

— sufficient evidence of carcinogenicity: a causal
relationship has been established between exposure to
the agent and human cancer. That is, a positive
relationship has been observed between the exposure
and cancer in studies in which chance, bias and
confounding could be ruled out with reasonable
confidence,

— limited evidence of carcinogenicity: a positive
association has been observed between exposure to the
agent and cancer for which a causal interpretation is
considered to be credible, but chance, bias or
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confounding could not be ruled out with reasonable
confidence.

The classification in the category 1B is based on limited
evidence in human studies and sufficient evidence in
animal studies with a MoA relevant to humans.

DS supports the evaluation of [ARC (IARC, 2017) that
“there is limited evidence in humans for the
carcinogenicity of dichloromethane”. These evidences
are mainly based on two types of tumours: cancer of
biliary tract, and, at less extent, on evidence concerning
non-Hodgkin lymphoma.

Sufficient evidence in animal studies is based on the
following factors:

Strenght of evidence:

A clear carcinogenic effect was reported in two
inhalation studies in mice both in males and females.
Carcinogenic effects were reported also in male and
female rats (benign and malignant tumours) following
DCM exposure by inhalation.

Thus, carcinogenic effect, was clearly reported in two
species in both sexes in several inhalation studies.

Tumour type and background incidence:

Mice

An increased incidence of hepatocellular carcinoma or
adenoma (combined) was reported in two inhalation
studies in male mice and in three inhalation studies in
female mice. An increased incidence of bronchiolo-
alveolar carcinoma in two inhalation studies in male
mice and three inhalation studies in female mice, and
bronchiolo-alveolar adenoma or carcinoma (combined)
in three inhalation studies in male mice and three
inhalation studies in female mice were also reported.
DCM increased the incidences of haemangioma of the
liver and of all organs (including the liver) in one
inhalation study in male mice, while incidence of liver
haemangioma or haemangiosarcoma (combined)
showed a statistically significant dose-response trend in
females (p<0.01).

Rats

DCM increased the incidence of fibroma of the subcutis
in two inhalation studies in male rats and fibroma or
fibrosarcoma of the subcutis in one inhalation study in
male rats. DCM caused salivary gland sarcomas in one
inhalation study in male rats (however the
sialodacryoadenitis virus was detected in these rats; the
effect of this virus on carcinogenesis is unknown).
DCM increased the incidence of mammary gland
adenoma or fibroadenoma (combined) in two inhalation

Category 1B (presumed human carcinogen), presumed
to have carcinogenic potential for humans,
classification is largely based on animal evidence. ...
The classification in Category ... IB is based on
strength of evidence together with additional
considerations ... Such evidence may be derived from ...
animal experiments for which there is sufficient
evidence to demonstrate animal carcinogenicity
(presumed human carcinogen)... In addition, on a case-
by-case basis, scientific judgement may warrant a
decision of presumed human carcinogenicity derived
from  studies  showing  limited evidence of
carcinogenicity in humans together with limited
evidence of carcinogenicity in experimental animals
(EC, 2008).

The evidence relevant to carcinogenicity in
experimental animals is classified into one of the
following categories:

— sufficient evidence of carcinogenicity: a causal
relationship has been established between the agent and
an increased incidence of malignant neoplasms or of an
appropriate combination of benign and malignant
neoplasms in (a) two or more species of animals or (b)
two or more independent studies in one species carried
out at different times or in different laboratories or
under different protocols. An increased incidence of
tumours in both sexes of a single species in a well-
conducted study, ideally conducted under Good
Laboratory Practices, can also provide sufficient
evidence. A single study in one species and sex might be
considered to provide sufficient evidence of
carcinogenicity when malignant neoplasms occur to an
unusual degree with regard to incidence, site, type of
tumour or age at onset, or when there are strong
findings of tumours at multiple sites;

— limited evidence of carcinogenicity: the data suggest
a carcinogenic effect but are limited for making a
definitive evaluation because, e.g. (a) the evidence of
carcinogenicity is restricted to a single experiment, (b)
there are unresolved questions regarding the adequacy
of the design, conduct or interpretation of the studies,
(c) the agent increases the incidence only of benign
neoplasms or lesions of uncertain neoplastic potential;
or (d) the evidence of carcinogenicity is restricted to
studies that demonstrate only promoting activity in a
narrow range of tissues or organs.

Some important factors which may be taken into
consideration, when assessing the overall level of
concern are:

(a) tumour type and background incidence;

(b) multi-site responses;

(c) progression of lesions to malignancy;

(d) reduced tumour latency;,
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studies in female rats and one inhalation study in male
rats. The incidence of mammary gland adenoma was
also increased in another inhalation study in males and
another one in females.

Hamster

Only one inhalation study in male and female Syrian
hamsters is available. Although the limited reported on
the study, an increased incidence of malignant
lymphoma in females was reported.

Multi-site responses:
DCM induces tumours in various tissues: liver, lung, in
mice; mammary gland, salivary gland in rats.

Progression of lesions to malignancy:

Related benign and malignant tumours were observed
in mouse (hepatocellular adenoma and carcinoma,
hepatic  haemangioma and haemangiosarcoma,
bronchiolo-alveolar adenoma and carcinoma) and in rat
(fibroma and fibrosarcoma of the subcutis).

Reduced tumour latency :

In Kari (1993), a reduced latency for lung and liver
tumour in mice was reported. The first observation of
tumour occurrence in lung was at 52 weeks compared
to 75 weeks reported in the control; also in the liver,
the first tumour appeared at 52 weeks compared to 83
weeks reported in the control mice.

Whether responses are in single or both sexes:
Tumours were reported in both sexes in mice and rats.

Whether responses are in a single species or several
species:
Tumours occurred both in mice and in rats.

Structural similarity to a substance(s) for which
there is good evidence of carcinogenicity:
None.

Routes of exposure:

The available carcinogenicity studies were performed
by oral and inhalation route. Negative results were
reported in all the oral studies. The inhalation route
showed clear carcinogenic effects in mice and rats
although in different organs (liver and lung in mice;
salivary gland, mammary glad and subcutis sarcoma in
rats).

Comparison of absorption, distribution, metabolism
and excretion between test animals and humans:
The ADME of DCM was extensively studied in mice
and rats.

(e) whether responses are in single or both sexes;

(f) whether responses are in a single species or several
species;

(g) structural similarity to a substance(s) for which
there is good evidence of carcinogenicity;

(h) routes of exposure;

(i) comparison of absorption, distribution, metabolism
and excretion between test animals and humans;

(i) the possibility of a confounding effect of excessive
toxicity at test doses,

(k) mode of action and its relevance for humans, such
as cytotoxicity with growth stimulation, mitogenesis,
ImmMunosuppression, mutagenicity.

Mutagenicity: it is recognised that genetic events are
central in the overall process of cancer development.
Therefore evidence of mutagenic activity in vivo may
indicate that a substance has a potential for
carcinogenic effects.
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DCM is readily absorbed after oral, inhalation, or
dermal exposure, and distributed systemically. Two
important metabolic pathways for the metabolism of
DCM have been characterized in humans and
experimental animals. One pathway is CYP2EI-
mediated, the other important metabolic pathway is the
Glutathione conjugation by glutathione S-transferase
theta-1 (GSTT1). CYP2El-mediated metabolism is
predominant at lower concentrations, but can be easily
saturated, with glutathione S-transferase-mediated
metabolism eventually predominating at higher
concentrations.

P450 and glutathione S-transferase (GST)-mediated
metabolism of DCM are qualitatively similar between
humans and rodents, but quantitative differences exist
across species, tissues, and cell types, and among
individuals.

The possibility of a confounding effect of excessive
toxicity at test doses:

All the carcinogenic effects were reported below the
MTD.

Mode of action and its relevance for humans:

So far, the mode of action of the carcinogenicity is not
fully clarified. A link between genotoxicity and
carcinogenicity is expected, considering the results
obtained in genotoxicity studies.

Differences in GSTT1 expression and localization may
be important determinants of  site-specific
carcinogenicity caused by DCM. In human cells, DCM
induces micronucleus formation and SCEs, but not
DNA-protein cross-links and DNA damage. In
experimental animals, DCM-induced genotoxicity is
associated with the GST pathway. Studies in bacterial
systems in vitro showed evidence of mutagenicity,
particularly in the presence of GST activity. Evidence
for the role of GSTTI1 in genotoxicity in humans is
mixed. Overall, the genotoxicity of DCM appears to be
strongly associated with GST-mediated metabolism,
consistent with the formation of reactive metabolites
through this pathway. However, a role of P450 in
genotoxicity cannot be ruled out.

No evidence of a non-genotoxic MoA of DCM
carcinogenicity is available.

Consideration of mutagenicity:

There is sufficient evidence for the in vivo mutagenicity
of DCM. Therefore, a genotoxic MoA for the observed
DCM carcinogenicity is plausible.

Conclusions
All the tumours observed in the animal studies are of
human relevance for classification.
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Based on these results, there is sufficiently convincing
evidence to propose a classification for DCM as

Category 1B.
Based on the data reported above, category 2 is not Category 2 (suspected human carcinogen): The
appropriated. placing of a substance in Category 2 is done on the

basis of evidence obtained from human and/or animal
studies, but which is not sufficiently convincing to
place the substance in Category 14 or 1B, based on
strength of evidence together with additional
considerations .... Such evidence may be derived either
from limited evidence of carcinogenicity in human
studies or from limited evidence of carcinogenicity in
animal studies (EC, 2008).

10.9.3 Conclusion on classification and labelling for carcinogenicity

Based on the results of the carcinogenicity studies available, there are limited evidence in human
studies and sufficient evidence of DCM carcinogenicity in mice and rats. There is extensive evidence
for genotoxicity, in association with metabolic pathways that are operative in humans, considering
that the metabolic differences between species, organs, tissues and cells are quantitative but not
qualitative. Overall, the available experimental evidence suggests that the mode of action of the
carcinogenesis reported in animals is relevant for human.

Based on the overall information the DS concludes that a classification as Carc 1B, H350 is warranted.

10.10 Reproductive toxicity

Not evaluated.

10.11 Specific target organ toxicity-single exposure

Not evaluated.

10.12 Aspiration hazard

Not evaluated.

11 ENDOCRINE DISRUPTION FOR HUMAN HEALTH

Not evaluated.

12 EVALUATION OF AQUATIC HAZARDS UNDER CLP ANNEX [, 4.1

Not evaluated.

13 PERSISTENT, BIOACCUMULATIVE AND TOXIC (PBT) OR VERY PERSISTENT,
VERY BIOACCUMULATIVE (VPVB) PROPERTIES UNDER CLP ANNEX I, 4.3

Not evaluated.
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14 PERSISTENT, MOBILE AND TOXIC (PMT) OR VERY PERSISTENT, VERY MOBILE
(VPVM) PROPERTIES UNDER CLP ANNEX, 4.4

Not evaluated.

15 EVALUATION OF ADDITIONAL HAZARDS

Not evaluated.

16 ADDITIONAL LABELLING

Not evaluated.
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