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Recommendation from the Scientific Committee on

Occupational Exposure Limits for

Methylene chloride (dichloromethane)

8 hour TWA:
STEL (15 min):
BLVs

Notation:

SCOEL carcinogen group:

100 ppm [353 mg/m3]

200 ppm [706 mg/m3]

4 % COHb (see "Recommendation”)
0.3 mg methylene chloride / | urine
1 mg methylene chloride / | blood
‘Skin’

threshold is supported and a health —-based OEL is proposed)

C (genotoxic carcinogen for which a practical

SUBSTANCE IDENTIFICATION

Methylene chloride

Synonyms

EINECS No.
CAS No.
Molecular formula

Structural formula

MWt
Conversion factor;

EU Classification:

DCM, dichloromethane, methane dichloride, methylene
bichloride, methylene dichloride, methylenum chloratum

602-004-00-3
75-09-2
CH2Cl2

Cl

|
H-C-H

|
Cl

84.96 g/mol
At 20°C and 101.3 kPa 1 ppm = 3.53 mg/m3; 1 mg/m3 =0.28 ppm

Carc Cat 3: R40 Limited evidence of a carcinogenic effect.
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This document is based on the International Program for Chemical Safety (IPCS)
Environmental Health Criteria Monograph (1996) to which the reader is referred to for
more detailed information, the references therein and studies published since the IPCS
monograph, which were identified using the on-line database PubMed.

PHYSICO-CHEMICAL PROPERTIES

Methylene chloride is a clear, colourless, highly volatfile, non-flammable liquid with
penetrating ether like odour. The odour threshold is 740 mg/m3. It has a boiling point of
40°C and a melting point of -95.1°C. It has a solubility in water of 13 g/L'at 20°C and a
vapour pressure of 47.4 kPa at 20°C. Pure methylene chloride vapour is denser than air.

Pure, dry methylene chloride is relatively stable but in the presence of water and light it
slowly decomposes to produce small quantities of hydrogen chloride.

Commercial grades of methylene chloride normally contain between 0.005 and 0.02% of
a stabiliser (such as methanol, ethanol, amylene, cyclohexane, phenolic compounds or
tertiary butyl amine) to prevent acidification and corrosion.
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1. Occurance/use

Methylene chloride is normally produced by the Stauffer process in which methanol is
reacted with hydrogen chloride to form methyl chloride, which is then reacted with
chlorine. Chloroform and carbon tetrachloride are by-products of the production
process. About 254,000 tonnes were produced in Western Europe in 1991. In 1994, a totall
of 133,000 tonnes of methylene chloride was used in Western Europe. With the exception
of 1988, which saw a slight increase in volumes sold, there had been a continuous
reduction in the quantity of methylene chloride used since 1985, due largely to increased
recycling by end users (Eurochlor, 1997). Since the early 1990s sales of methylene chloride
have remained at a fairly stable level in Europe (Eurochlor
http://www.eurochlor.org/consumption).

The main uses of methylene chloride are as a paint and varnish remover, as process
solvent, in aerosols, in the electronics industry (as a photoresist stripper in the production
of printed circuit boards) and in metal cleaning (vapour degreasing). It is the most
commonly used solvent in paint stripping, where it is a quick-acting solvent for both wash-
off and scrape-off formulations. In food and pharmaceutical processes, methylene
chloride is used as an extraction medium as it offers high solvency and purity, and it can
be distiled off relatively easily from the final product. In the mid-1990s, the
pharmaceutical industry accounted for about 40% of the methylene chloride used in
Europe. Methylene chloride is also used as a process solvent for the production of
polycarbonate, cellulose esters, friacetate and triacetate esters, in adhesive
formulations, plastic processing and refrigerants, and as a secondary blowing agent in
polyurethane foam.

METHODS OF EXPOSURE MONITORING AND ANALYSIS

The UK Health and Safety Executive (1995 and 2000) have published general methods for
the sampling of volatile organic compounds in workplace air and their analysis by gas
chromatography that are suitable for methylene chloride (Methods for Determination of
Hazardous Substances 80 and 96) and a more specific method for chlorinated
hydrocarbons (MDHS 28).

The US Occupational Safety and Health Administration (OSHA) have published two fully
validated methods (OSHA organic method 59, 1986; method 80, 1990) for the
measurement of methylene chloride in air in workplace air. Method 59 involves collection
on charcoal tubes and analysis by gas chromatography (GC/FID) where the limit of
reliable quantification is 102 ug/m3 (29 ppb). Method 80 involves collection on
Carbosieve S-lll and analysis by GC/FID with a limit of quantification of 0.70 mg/m3 (0.196

pPm).

The US National Institute for Occupational Health and Safety (NIOSH) Analytical Method
1005, issue 3 (NIOSH, 1998) also involves collection on charcoal tubes and analysis by
GC/FID. The limit of detection is stated as 0.4ug and the method has been validated for
sample masses of 1.4-260001 g corresponding to concentrations of 1.4 - 2600 mgm=3 (0.4 -
749 ppm) in a one litre air sample.

INRS has also published analytical methods for the determination of methylene chloride
in workplace air. One is Metropol Fiche 039 (updated in 2001), which involves collection
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on sobent tube containing Carboxen 564, desorption with CS2 and analysis by GC/FID
(Fiche Metropol C). These methods are available at http://www.inrs.fr.

Biological monitoring methods for urinary methylene chloride by gas chromatography
have been described by Sakai et al (2002), Seno et al (1999) and Ukai et al (1998). Urinary
concentrations of methylene chloride are reported to be well correlated with exposure
concentrations in air. Seno et al (1999) also described a method for the determination of
methylene chloride in blood (see also DFG 1991). It is also possible to measure methylene
chloride in exhaled breath (Hotz et al., 1987). Another possibility is determination of the
carboxyhaemoglobin (COHb) levels in blood. Advantages and disadvantages of the
different procedures are discussed in the following chapter.

2 Health effects

2.1 Toxicokinetics

Experiments in human volunteers have established that between 70 and 75% of inhaled
methylene chloride vapour is absorbed following exposure to concentrations of 50-200
ppm (176-706 mgm-3). Experiments in humans and animals have established that
methylene chloride is absorbed through the skin and animal data show that it is also
absorbed from the digestive tract. Methylene chloride is distributed to all tissues and
crosses the blood brain barrier and the placenta. Neither methylene chloride nor its
metabolites accumulate in tissue. Methylene chloride is excreted in breast milk (IPCS,
1996).

Three skin penetration studies were found where pure methylene chloride was applied to
human (Ursin et al 1995) or rat (Tsuruta 1997) skin in vitro or fo mouse skin in vivo (Tsuruta
1975). The three studies reported similar results with fransdermal fluxes ranging from 2.7 to
6.6 mg/cm2/h. ECETOC (1993) has suggested that a skin notation should be assigned
when the amount of chemical absorbed upon exposure of both hands and lower arms
(2000 cm?) for one hour is expected to confribute more than 10% to the systemic dose,
compared to the amount absorbed via inhalation exposure at the OEL during a full work
day (assuming that 10 m3 air is inhaled during an 8-h workday and that 50% is absorbed).
Applying this calculation to methylene chloride, the systemic dose from such skin
exposure could be 3- to 7-fold greater than that from inhalation exposure at an OEL of
100 ppm.

The main route of metabolism is by cytochrome P450 mediated oxidation to form carbon
monoxide and carbon dioxide that are largely exhaled. Some of the carbon monoxide
binds to haemoglobin in blood. In human volunteers exposed to 150 ppm (530 mg/m3)
for 7.5 hours each day for five days, peak levels of carboxyhaemoglobin (COHb) were
5.3%. Exposure to 100 ppm produced peak COHb levels of 3.4%. COHb levels returned to
normal within 24 hours of exposure to 200 ppm for 7.5 hours. In non-smoking workers,
levels of COHb in blood following methylene chloride exposure are dose and fime
dependent for same day exposure but are independent of exposures on previous days
(IPCS, 1996; Amsel et al, 2001; Soden et al, 1996). COHb levels in exposed workers who
smoke are higher than in non-smokers and are not dose-dependent (Soden et al, 1996).
Exposure to 496 ppm [1770 mg/m3] methylene chloride for less than 1 hour is associated
with COHb levels of 1 to 4%. Measured levels of COHb following exposure to 980 ppm
[8500 mg/m3] for two hours were 10%. COHb levels of more than 8% were found following
exposure to 250 ppm [880 mg/m3] for 7.5 hours. Workers exposed to average
concentrations of methylene chloride of 32 ppm [114 mg/m3] (8-hour TWA) had COHb
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levels between 0.8 and 2.5%. At higher levels of exposure (> 250 ppm) the oxidative
metabolic pathway becomes gradually saturated, the proportionate increase in COHb
becomes smaller, and an increasing proportion of the received dose is exhaled
unchanged.

Figure 1 shows monitoring data of COHb in human volunteers exposed to methylene
chloride, as reported by Di Vincenzo and Kaplan (1981). This set of experimental data
can be opposed to data in exposed workers by Soden et al. (1996; Figure 2). In this data
set of group means the baseline COHb level of non-exposed persons (>1.5% COHD)
appears relatively high, which is likely caused by an influence of smokers in this group.
Considering this, the two data sets appear basically consistent with each other.

8 £g rya

7+ % CH,Cl, Exposure b

o  50ppm
o 100ppm
e 150 ppm
a 200ppm —

Percent carboxyhemoglobin saturation

<—During exposure —=f+————Post - exposure ——————|
1 1 1 1 | | 1 1 $¢ 1 s
2 4 6 8 2 4 6 8 6 7 24
Time (hr)

Figure 1. Time-course of the saturation of haemoglobin with carbon monoxide (%
COHb) in volunteers exposed to different airborne levels of methylene chloride under
resting conditions, according to Di Vincenzo and Kaplan (1981); means and SEM of 4-
5 persons. Without exposure, a background COHb level of 1% was reported.

Correlation Methylene Chloride Air and COHb
4,5
y =0,0278x + 1,65
4 "+ R2 = 0,9857
0/
3,5
*
3 4
X
< 2514
f ¢ row
o 2 Linear (row)
O
1,51
1 4
0,5
0 T T T
0 20 40 60 80 100
Methylene Chloride Air / ppm

Figure 2: Correlation between airborne methylene chloride concentrations and COHb
in workers (reported subgroup means); data of Soden et al. (1996)

A second (minor) metabolic pathway becomes more active at high levels of exposure,
especially in mice, in which glutathione-S-transferase (GST) is involved in oxidation of
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methylene chloride to formaldehyde and formate, which is further metabolised to form
carbon dioxide. In vifro experiments with human cells have shown that the formation of
formaldehyde from methylene chloride is influenced by the polymorphism of
glutathione-S-transferase theta (GSTT1), and that this may influence the susceptibility of
individuals to adverse effects from methylene chloride exposure (Hallier et al, 1994). IPCS
(1996) considered this metabolic pathway to be of minor importance in humans, as
concentrations of the responsible glutathione transferase in human liver tissue were only
a small fraction of those in the mouse (<10%). The metabolic routes of methylene chloride
are relevant for the discussions of the mode of action of tumour induction across species.
For details of this discussion, see chapter 5.7 (considerations of the mode of action).

Relevant metabolic steps of the two avenues of biological activation, to carbon
monoxide and to formaldehyde, are shown in Figure 3.

Oxidative pathway Reductive pathway
CYP2E1 GSTT1
|CH(OH)CH| | CI-CH,-S-glutathione
+ Hzo
-2 HCl - ‘:gl'"
) Possibility of
DNA adducts

Possibility of
DPX formation

Figure 3: Biological activation of methylene chloride to toxic metabolites. The
major oxidative (saturable) pathway leads to carbon monoxide. A minor
reductive (glutathione-dependent) pathway leads to potentially reactive
metabolites, such as formaldehyde.

Biological monitoring of methylene chloride and metabolites

The parent compound, methylene chloride, and its toxic metabolite carbon monoxide
can be determined in biological media for biological monitoring. Different
recommendations have been given, and there are advantages and disadvantages of
the different procedures, which are compiled in Table 1.

Correlations between airborne methylene chloride exposures in workers and resulfing
methylene chloride concentrations in both blood (Lauwerys / Hoet, see also DFG 2005)
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and urine (Ghittori et al. 1993, Ukai et al. 1998, Sakai et al. 2002) have been established.
Taking the available data together, the functions given in Figure 4 are resulting.

Table 1: Methylene chloride — existing recommendations of biological guidance values
and comments
corresponding OEL proposals

(all

samples collected at end of exposure).

Included are the

Guidance Analyte, | Value Advantages Disadvantages
value matrix
recommended
by
DFG (2005) DCM in | 0.5mg/I No interference | Invasive, sample
(D) Blood (OEL 50 ppm) from smoking collection time and
method critical
Lauwerys /| DCM in | 0.5mg/I No interference | Invasive, sample
Hoet Blood (OEL 50 ppm) from smoking collection time and
(B) method critical
Lauwerys /| DCM in | 15ppm Non-invasive. Sample collection time
Hoet breath (OEL 50 ppm) No interference | and method critical ,
(B) from smoking semi-quantitative
ACGIH DCM in | 0.3mg/I Non-invasive. Sample collection time
(USA) urine (TLV 50 ppm) No interference | and method critical
from smoking semi-quantitative
[SCOEL COHb Blood Endpoint of Invasive, interference
discussions] toxicity from smoking
HSE CcO Breath Non-invasive Interference from
(UK) (OEL 100ppm) smoking
Methylene Chloride Air/ Blood resp. Urine

2,5

24 Y=V>

15 4 Blood

= Urine

Methylene Chloride Bood resp. Urine / mg/

-
L

o
)
.

3
y =0,0034x +0,0297

Blood

Urine

50 100 150

200 250

Methylene Chloride Air / ppm

Figure 4: Correlation between airborne methylene chloride exposure and methylene
chloride concentrations in blood and urine at end of shift (see text)

Based on these figures, an OEL of 100ppm (as proposed in this document) is equivalent
to a urinary excretion of 1 mg methylene chloride per liter urine (end of shift), and to a
steady-state blood level (end of the shift) of 0.3 mg per liter.
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2.2. Acute toxicity

2.2.1. Human data

A number of industrial accidents involving methylene chloride have been reported (IPCS,
1996). High levels of exposure methylene chloride have led to unconsciousness and, in
some cases, death. Other effects include irritation of the eyes and respiratory fract, lung
oedema and acute effects on the heart, liver and kidneys. The formation of COHb as a
result of methylene chloride metabolism decreases the oxygen-carrying capacity of the
blood, giving symptoms of oxygen deprivation such as light-headedness, headache or
loss of consciousness. Mahmud and Kales (1999) described a case in a cabinet worker
who experienced infermittent headaches, consistent with both methylene chloride
intoxication and carbon monoxide poisoning. In another fatal case of methylene
chloride poisoning, however, COHb levels were within the normal range, suggesting that
the fatal narcosis and respiratory depression were due to the direct effect of methylene
chloride on the central nervous system (Zarrabeitia et al, 2001).

Experiments in human volunteers have established that the main effect of a single high
exposure to methylene chloride is neurotoxicity (IPCS, 1996). Neurobehavioural changes
(disturbed vigilance and impaired combined tfracking monitoring performance) were
observed following exposure to 250 ppm [694 mg/m3] for 1.5 to 3 hours. In other
experiments no effects on visual performance were observed following a short exposure
fo 700 ppm [2500 mg/m3] (durafion unknown) but effects on visual function were
observed after 95 minutes exposure to 290 ppm [1040 mg/m3]. Light headedness and
effects on visual function were observed after 1 hour of exposure to 672 ppm
[2400 mg/m3]. A dose-related increase in serum concentrations of bilirubin was observed
in volunteers exposed to 460 ppm [1650 mg/m3] together with elevated concentrations
of COHb.

Chang et al (1999) described six cases involving oral ingestion of methylene chloride.
Central nervous system depression, tachypnoea, and corrosive gastrointestinal injury
were the most common effects. An elevated COHb level was documented in only two
patients (35% and 8.4% COHb, respectively). Renal failure, hepatic failure, and acute
pancreatitis occurred in the two most severe cases of poisoning.

2.2.2. Animal data

IPCS (1996) reviewed the acute toxicity of methylene chloride and concluded that it has
a low acute toxicity following inhalation or oral administration. In short term inhalation
experiments, 6 hour LCso values of 11250 ppm [40200 mg/m3] to 15650 ppm [55900
mg/m3] have been reported in rats, mice and guinea pigs. Oral LDso values of 1410-3000
mg/kg bodyweight have been reported. The main effects of exposure are associated
with the cenftral nervous system (CNS) and liver with CNS disturbances being reported at
3900 ppm [14000 mg/m3] or more in mice and slight changes in
electroencephalographic (EEG) activity in rafs at 496 [1770 mg/m3]. Slight histological
changes of the liver have been reported in mice at concentrations of 15800 ppm [56500
mg/m3] or more. Exposure to 2000 ppm [7100 mg/m3] adversely affected Clara cells in
the lungs of mice, but not of rafs. There is inconsistent evidence for cardiovascular
effects at concentrations of 9800 ppm [35000 mg/m3] in monkeys, dogs and rabbits.
Some studies have reported effects on the kidneys with slight histological changes being
observed in mice exposed to 15800 ppm [56500 mg/m?3] for 7 hours.
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2.3. Irritation

There are no reports linking methylene chloride to respiratory irritation in humans or
animals. The IPCS (1996) cite a few case reports in which methylene chloride was caused
skin and eye irritation in humans. In animals, two investigations have demonstrated that
methylene chloride can cause skin irritation in rabbits including severe erythema and
oedema with necrosis and acanthosis (IPCS, 1996). The IPCS (1996) also cite two
investigations of the irritancy of methylene chloride to the rabbit eye. Effects were
reversible and included moderate to severe changes in the conjunctiva combined with
increased corneal thickness and intra-ocular tension.

2.4. Sensitisation

No dafa are available. The absence of any case reports suggests that methylene
chloride is unlikely to cause respiratory or dermal sensitisation in humans.

2.5. Repeated dose toxicity

Human data

Studies of possible morbidity associated with workplace exposure to methylene chloride
have all been small scale and not all included control groups (Table 2). The data suggest
that no adverse effects on health are associated with workplace exposure up to
concentrations of about 100 ppm [350 mg/m3] over several years. Irritation of the eyes
and respiratory tract, subtle neurotoxic effects and minor effects on blood have been
observed at higher levels of exposure.

With regard to the study of White et al. (1995) it should be mentioned that the persons
examined in the prinfing industry were exposed to a mixture of solvents, including
toluene, methyl ethyl ketone, mineral spirits and “beta-ether”, in addition to methylene
chloride.

June 2009

Social Furope



European Commission
Employment, Social Affairs and Inclusion
Recommendation from the Scientific Committee on Occupational Exposure Limits for methylene chloride (dichloromethane)

Table 2: Studies of morbidity associated with methylene chloride reviewed by IPCS (1996)

and more recent studies

Exposed population Findings Study

Workers exposed to | No effects on  clinical chemistry, | Di Vincenzo &
114 mg/m3 (TWA) haematology or electrocardiograms Kaplan (1981)

29 men exposed for | When compared with age mafched | Cherry ef al
several years to | controls, no effects on subjective symptoms, | (1981)

concentrations "below
100 ppm” [347 mg/m3]

neurobehavioural tests, motor nerve
conduction velocity, electrocardiograms
and clinical examinations

33 workers exposed to | Irritation of the eyes and respiratory tract | Kuzelova &
concentrations and neurasthenic disorders reported in half | Vlasak (1966)
between 100 and | of the exposed population, digestive

17000 mg/m3 over two | disorders reported by one third. No

years [23-4800 ppm] comparison with a control population

25 methylene chloride | Men employed in paint stripping. No | Becker & Lash

exposed retired airline
maintenance workers

significant difference was found between
exposed and unexposed workers, although

compared against | subtle differences in attention and memory
unexposed retirees | were detected.

(exposures not

specified)

(1990), Lash et al
(1991)

46 subjects exposed to
concentrations of 6-24
mg/m3  for several

Non significant excess of digestive disorders
and hypertonia in comparison with controls.
Symptoms of gallbladder pathology and

Kashin et al
(1980)

years (exposures not | swollen liver reported, but no details of
specified) drinking or smoking habits provided
Workers who  had | In comparison with an unexposed group, | Soden (1993)

worked for at least 10
years exposed to
average
concentrations of 1677
mg/m3 [475 ppm]

there were no differences in selected
symptoms including irregular heartbeat,
dizziness or loss of memory or in SGPT (Serum
Glutamic Pyruvic Transaminase), Bilirubin or
haemocrit. Only noticeable difference was

lower levels of SGOT (Serum Glutamic

Oxaloacetic Transaminase) in the exposed

group.
2-year prospective | Persons with higher acute exposure | White et al
study of 30 workers in | demonstrated significantly impaired test | (1995)
a  screen printfing | performance on tasks involving manual

business exposed to a

mixture of solvents
including methylene
chloride; exposures

typically to about 75-
100 ppm for 20
minutes, é times/day

dexterity, visual memory, and mood. Those
with higher chronic exposure demonstrated
significantly poorer performance on visual
memory tasks and mood. No obvious
clinical disease.

June 2009

Social



European Commission
Employment, Social Affairs and Inclusion
Recommendation from the Scientific Committee on Occupational Exposure Limits for methylene chloride (dichloromethane)

The outcome of mortality studies provide no evidence to suggest that workplace
exposure to methylene chloride at concentrations of up to 1677 mg/m3 (475 ppm) has
an important effect on mortality (Table 3). There are no indications that raised COHb
levels arising from industrial exposure to methylene chloride are associated with an
increased risk of ischaemic heart disease. In the Kodak, Gibbs and Tomenson studies, a
ban on workplace smoking may have infroduced a negative bias to the study design.
The cancer studies are discussed further in section 5.7.
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Table 3: Mortality studies reviewed by IPCS (1996), IARC (1999) and more recent studies

Exposed population

Description of study

Findings

Study

Men exposed to methylene chloride
at a Kodak photographic film
production facility in New York State.

Retrospective cohort mortality —
344 deaths between 1956-76

Proportionate mortality —

No increase in risk from ischaemic heart
disease, liver or kidney cancer or
cancers at other sites

Friedlander et al
(1978)

Mean (8 hour TWA) exposure | 754 workers employed during

concentrations for different groups | 1964 and followed up to 1976

ranged from 35.3- 402 mg/m3 (10- | All workers exposed for at least | No increase in risk of death from | Hearne &

114 ppm) with an overall mean of 92 | one year between 1964 and | ischaemic heart disease, liver or kidney | Friedlander

mg/m3 (26 ppm). 1970 (1013) followed up to 1988 | cancer, possible excess of pancreatic | (1981), Hearne
cancer mortality et al (1987,

1990)
Update of Kodak study Hearne and
1) 1,311 men initially employed | Median length of follow-up from | Mortality in both cohorts was lower than | Pifer (1999)

between 1946 (when the solvent
was first used) and 1970. Average
exposure of 138 mg/m3 (39 ppm:; 8-
hour time-weighted average) for 17
years

2) 1913 men employed between
1964 to 1970 and followed up
f01994. Average exposure of 92
mgm?-3 (26 ppm) for 24 years;

first exposure was 34 years.

Median time from first exposure -
35 years.

expected for all causes of death,
ischaemic heart disease, and cancer.
No statistically significant increases were
observed for any cause of death.

Workers producing triacetate fibre in
a South Carolina plant. Exposure
concentrations estimated to range
from 494-1677 mgm= (140-475 ppm)
Workers also exposed to methanol
and acetone

1271 male and female workers
employed for at least 3 months
between 1954 and 1977.

No excess of deaths from
cardiovascular  causes.  Significant
excess of cancers of the biliary

passages and liver. Three of the four
liver and biliary cancer deaths in
workers with 10+ years of employment
and 20+ years since first employment

Oftt et al (1983),
Lanes et al
(1993)

Workers in a cellulose acetate fibre
plant in Maryland. Cohort divided
info 3 groups: high exposure to

Retrospective cohort mortality
study of 3211 workers employed
in or after 1970 and followed

No excess mortality from cancers of the
biliary tract, liver, pancreas or lung.
Increased mortality from prostate

Gibbs (1992),
Gibbs et al
(1996)
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methylene chloride (>1300 mgm-3;
350 ppm), low exposure (176-353
mgm=; 50-100  ppm) and no
exposure.

until 1989.

cancer in men with 20+ vyears
employment and from cervical cancer
in  women with 20+ vyears of
employment. Possible increased risk of
death from cardiovascular causes
observed in earlier study not confirmed
in 1996 study.

1785 employees of a factory that
produced cellulose ftriacetate fim
base Subcohort of 1473 subjects with
methylene chloride exposure. The
mean duration of exposure was nine
years at 67 mgm=3 (19 ppm) eight
hour fime weighted average).

Retrospective cohort study - All
male employees with a record
of employment at the fim
factory in 1946-88; 334 deaths
identified up to 31 December
1994.

In methylene  chloride  exposed
subcohort, substantially reduced
mortality for all causes, all cancers, and
cancers of liver, biliary tfract, lung and
pancreas. Ischaemic heart disease
mortality slightly increased compared
with local rates but lower in active
employees where a direct effect of
methylene chloride exposure would be
expected. No in service mortality due to
ischaemic heart disease in workers with
the highest cumulative exposure (2824
mgm?-3.years; 800+ ppm-years).

Tomenson et al
(1997)

Workers in a chlorinated methanes
production plant — exposure to a

mixture of chlorinated
hydrocarbons, no specific
information about exposure to

methylene chloride

226 men employed for at least
one year between 1940 and
1969 and followed for mortality
until 1979

No excess of respiratory cancer or
circulatory disease. Three cases of
pancreafic cancer were observed
against 0.9 expected, no information
presented about liver cancers

Ott et al (1985)
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Civilian workers employed at a
military aircraft maintenance facility
for at least one year between 1952
and 1956; workers exposed to a
mixture of solvents; exposures best
characterised for trichloroethylene
(methylene chloride exposures not
specified)

Retrospective cohort study of
14457 workers of whom 1222
were exposed to methylene
chloride

No overall excess of cancer deaths or
deaths more generally; Non significant
excess of non-Hodgkin lymphoma and
multiple myeloma in men, increased
breast cancer risk in women; no
information about other cancers

Blair et al (1998)

Lamp manufacturing workers
involved in coiling and wire drawing

with  exposures to  methylene
chloride (not quantitatively
specified), other chlorinated

solvents, strong acids and metals
including arsenic and chromium

203 women and 46 men
employed for 6+ months
between 1960 and 1975

Non significant excess of all cancers
and of breast cancers in women;
significant excess of breast cancers in
women with greater than 5 or greater
than 15 years employment

Shannon et al
(1988)
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Animal data

The IPCS (1996) reviewed a number of inhalation studies and these are summarised in
Tables 4 and 5. The results of these studies indicate that repeated or long-term exposure
of animals to high concentrations of methylene chloride is associated with reversible CNS
effects, slight eye irritation, liver effects and mortality. The lowest exposure concentration
reported to cause liver effects was 25 ppm [88 mgm3] (continuous exposure). No effects
were found on the liver following exposure fo 250 ppm
[880 mgm3] for 5 hours/day. The lowest exposure concentration associated with
reversible CNS effects as 5000 ppm [17700 mgm3] (6 hours/day) with no effects at
1990 ppm [7.100 mgm-3]. Effects on brain chemistry were observed following exposure to
250 mgm?-3 (6 hours/day). In a more recent investigation, no effects on immune function
or thymus weight were found following exposure of rats to 5000 ppm [17700 mgm3] of
methylene chloride for 6 hours/day, 5 days/week for 28 days, but a significant reduction
in relative, but not absolute, spleen weight was observed in female rats (Warbrick et al,
2003).

IPCS (1996) also reviewed effects following oral administration. A study in rats established
a no effects level for the liver of 125 mg/litre in drinking water. No conversion to mg/kg
bodyweight per day is provided, but assuming a rat body weight of 0.35 kg and an
infake of 0.049 litres water/day, this is approximately equivalent to 17.5 mg/kg/day.
Another drinking water study found small effects on weight gain and indications of liver
damage af intakes equivalent to 607 to 1469 mg/kg/day. In another drinking water
study, mice exposed to between 226 and 1911 mg/kg/day showed subtle centrilobular
fatty changes in the liver.

There is limited evidence that exposure to methylene chloride may potentiate the
toxicity of other chlorinated hydrocarbons. Kim (1997) reported that methylene chloride
significantly potentiated the hepatotoxicity of carbon tetrachloride in rafs.
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Table 4: Effects in rats in medium o long term repeated dose studies [conversion factor: 1 mgm-=3 = 0.28 ppm]

Exposure regime Concentration | Observed effects Study
mgm-3
2 hours/day for 15 days 3500 Decreased body weight, effects on liver lipids Ito et al (1990)
2 hours/day for 20 days 3500 Effects on the liver: hypertrophic hepatocytes, increased lipid | Takashita et al
peroxidation and glutathione peroxidase activity (1991)
6 hours/day for 3 days 250, 1100, 3500 | Effects on dopamine and noradrenaline furnover in the brain Fuxe et al
(1984)
6 hours/day for 19 days 5740, 11500, | Intermittent scratching, ataxia and hyperactivity in rats | NTP (1986)
22900, 45900, | exposed to 22900 mgm-=3 or more, dyspnoea, anaesthesia and
56500 some death in animals exposed to 45900 mgm-3 or more
6 hours/day for 10 days 7100, 14100 No or limited lung or liver lesions Hext et al
(1986)
5 hours/day for 28 days 880 No effects on the liver Norpoth et al
(1974)
5 hours/day for 5 days/week | 12800 Inflammatory response and cell damage in the lungs Sahn and
for 4 weeks Lowther (1981)
6 hours/day, 5 days/week for | 0, 8800, 17700, | Anaesthesia, increased liver weights and reduced body | Nitschke et al
19 exposures 28200 weights in the two highest dose groups (1981)
6 hours/day, 5 days/week, | 177,710,7100 No evidence of irreversible neurological damage Mattsson et al
13 weeks (1990)
7 hours/day for 6 months 35000 CNS depression during period of exposure Heppel ef al
(1944)
6 hours/day for 90 days 35000 Slight redness of conjunctiva lasting for 1 to 10 hours after each | Leuschner et al
exposure, no other signs of toxicity (1984)
6 hours/day, 5 days/week for | 1850, 3700, | One rat exposed to 29700 died before the end of the study; | NTP (1986)
13 weeks 7400, 14800, | foreign body pneumonia was observed in some ratfs exposed
29700 to 7400 mgm=3 or more; mean body weights reduced in high
dose group, reduced liver lipid to liver weight ratios in high dose
males and females and in females at 14800 mgm-3
Continuous exposure for 100 | 88350 Slight cytoplasmatic vacuolisation of the liver and tubular | Haun et al
days degeneration in the kidney (1972)
6 hours/day, 5 days/ week for | 0, 3500, 7100, | No effects on body weight gain NTP (1986)
2 years 14100
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Table 5: Effects in other species in repeated dose studies [conversion factor: 1 mgm-=3 = 0.28 ppm]

Species Exposure regime Concentration Observed effects Study
mgm-3
Mice 6 hours/day, 3 weeks 14100 Increased liver weight and increased mitotic activity | Eisenbrandt
in hepacytes, a few animals showed necrosis of | and Reitz
some epithelial cells of the bronchi and bronchioles | (1986)
together with reactive hyperplasia of adjacent
lymphoid tissue
Mice, 6 hours/day, 510, 8800, 17700, | Anaesthesia and reduced body weights in highest | Nitschke et al
hamsters days/week - 18 (mice) | 28200 dose group, effects on aspartate aminotransferase in | (1981)
or 19 (hamster) female mice at 17,700 mgm-3
exposures
Mice Continuous  exposure | 17700 Reduced body weight, increased relative liver | Weinstein et al
for 7 days weights, liver damage (1972)
Mice Contfinuous  exposure, | 130-1059 Liver weight increased in dose-related manner, fatty | Kjellstrand et
30 days accumulation and increased blood levels of butyryl | al, 1986
Infermittent  exposure | 2118-25416 cholinesterase found at 265 mgm=3, all effects
for 1-12 hours/day, 30 reversible
days 1059
Confinuous  exposure
for 4,8, 15, 90 days
Mice 6 hours/day, 51 1850, 3700, 7400, | Some deaths and reduced body weights at 297800 NTP (1986)
days/week for 13 weeks | 14800, 29700 mgm?-3, hepatic centrilobular hydropic degeneration
in males and females at 29700 mgm-= and in females
only at 14800 mgm-3
Mice Continuous  exposure | 88 350 Slight cytoplasmatic vacuolisation at both levels, | Haun et al
for 100 days decrease in microsomal P-450 content at the higher | (1972)
dose
Mice Continuous  exposure | 350 Fatty infilfration, vacuolisation and enlarged | Weinstein and
for 10 weeks hepatocyte nuclei, reversible increase in plasma | Diamond
triglycerides (1972)
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Dogs, 7 hours/day, 5 days/ | 1,7700 Fatty degeneration of the liver and pneumonia in | Heppel et al

monkeys, week for 6 months 3/14 guinea pigs (1944)

rabbits, 35,000 Reduced activity in all species, fatty degeneration of

guinea pigs the liver in dogs

Dogs Continuous  exposure | 3,500 Abnormal haematology and increased activity of | Haun ef al
for up tfo 100 days serum enzymes after 4 weeks (1972)

17,350 Oedema of the brain
Dogs 6 hours/day for 90 days | 17,700 Slight sedation and erythema lasting for up to 10 | Leuschner et al
hours after exposure (1984)

Gerbils Continuous  exposure | 340 Decreased levels of neurotransmitter amino acids in | Briving et al
for 3 months the brain (1984)

Gerbils Continuous  inhalation | 1240 Increased brain concentrations of ftwo astroglial | Rosengren et
followed by 4 months proteins and decreased levels of DNA in the | al (1986)
recovery hippocampus and cerebellum

740 Decreased hippocampal DNA levels, possibly as a
result of the loss of nerve cells

Monkeys Confinuous  exposure | 88.25 Raised COHb levels Haun et al,
for 28 days 1972)
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2.6. Mutagenicity

The mutagenicity of methylene chloride has been reviewed by IARC (1999) and also IPCS
(1996). Methylene chloride is consistently mutagenic in microorganisms. Weaker and less
consistent responses are seen in mammalian systems. Methylene chloride induced sister
chromatid exchanges, chromosome breakage and chromosome loss in vifro in human
cells. In-vitro results in rodent cells were inconclusive or negative. Methylene chloride
induced DNA single-strand breaks in mammalian cell cultures, but inconclusive or
negative effects were reported for induction of gene mutations. It did not induce
unscheduled DNA synthesis either in vivo in rodents or in human fibroblast cultures. It was
genotoxic in fungi but not in Drosophila in the sex-linked recessive lethal assay.

2.7. Carcinogenicity

Human data

No consistent relationships between methylene chloride and cancer at any particular
site have been reported in studies of workers exposed to methylene chloride (Table 3).
Two studies observed an excess of pancreatic cancer and Ojalarvi et al (2001) found a
small excess risk of pancreatic cancer, which was not statistically significant (RR = 1.42-
0.80; 2.53). The authors could not find a relatfion to the level of exposure. Other individual
studies reported an excess of liver and biliary tract cancers among longer-term
employees, an excess of prostate cancer in men and excess of cervical cancer in
women that appeared to increase with level of exposure and a possible exposure-
related increase in breast cancer risk. In most studies, workers were exposed to a number
of other chlorinated solvents and some were also exposed to other potential
carcinogens including metals. This limited the power of published studies to detect an
effect that is specific to methylene chloride. In case conftrol studies (Table 6) possible
associations have been reported between exposure to methylene chloride and cancers
of the bladder, breast (in women), rectum and possibly the lung. Dell et al. (1999)
concluded that there was no strong or consistent finding for any site of cancer, despite
several studies of large occupational cohorts of workers potentially exposed to high
concentrations of methylene chloride.

IARC (1999) concluded that there was not a sufficiently consistent elevation of risk across
stfudies of any cancer type to make a causal interpretation credible. The results of more
recent studies do not support a revision of this conclusion.

Animal data

A number of long term inhalation studies have been performed (Table ). The NTP (1986)
reported clear evidence of carcinogenicity in male and female B6C3F1 mice, as shown
by increased incidences of alveolar/bronchiolar neoplasms and of hepatocellular
neoplasms. Although, a high incidence of leukaemia in both exposed and unexposed
rafs in the NTP study is potentially a cause for concern, the outcome of the NTP studies
are broadly consistent with other studies (Table 6). Maronpot et al (1995) found
evidence that early life exposure to methylene chloride gave rise fo an increased lung
cancer risk in mice even in the absence of continuing exposure whereas the
development of liver cancer was more closely associated with confinuing exposure.
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Relatively few investigations have been made of the carcinogenicity of methylene
chloride following oral administration. Studies in rats and mice reviewed by IPCS (1996)
did not find an excess risk of cancer at doses of up to 250 mg/kg bodyweight/day for
two years or 500 mg/kg/day for 64 weeks.

IARC (1999) has concluded that there was inadequate evidence in humans for the
carcinogenicity of methylene chloride, but sufficient evidence in experimental animals.
The overall evaluation was that methylene chloride is possibly carcinogenic fo humans
(Group 2B).

Considerations of the mode of action

Long-term animal experiments have demonstrated that methylene chloride is associated
with the development of cancers in mice whereas similar effects were not observed in
rats and hamsters. Based on the formation of reactive metabolites, such as
formaldehyde, through the reductive pathway of metabolism (see Figure 3) the
paradigm has bee advanced that this pathway may be connected with carcinogenesis,
and that species differences between the balance of the oxidative and reductive
pathway should explain species differences in carcinogenicity (Green et al. 1988; Green
1997). Mechanistic studies have demonstrated that metabolism of methylene chloride by
the glutathione-S-tfransferase-dependent reductive pathway is highest in the mouse. This
pathway is mediated by the isoenzyme GSTT1-1 and produces reactive infermediates
that are held responsible for the liver and lung tumour formation (Thier et al. 1993, 1996,
1998, Wheeler et al. 2001, Marsch et al. 2004). Upon incubation of isolated hepatocytes
from mice, rats, Syrian golden hamsters and humans with methylene chloride, only
mouse hepatocytes formed detectable amounts of DNA-protein crosslinks (DPX;
Casanova et al. 1997). When V79 cells were transfected with the mouse enzyme
(mMGSTT1-1) and incubated with high concentrations (2.5-10 mM) methylene chloride,
DPX were formed that were typical for formaldehyde (Hu et al. 2006). For the
development of lung fumours in the mouse, damage to mouse lung Clara cells and
increased cell division were seen as decisive components. The susceptibility of the mouse
was seen as a consequence of very high activity and specific cellular and nuclear
localisation of the theta class GST, unique to the mouse (Green 1997).

The markedly lower levels of the methylene chloride metabolising GST in rats and
hamsters are consistent with the lack of liver and lung fumours in these species. The levels
of this enzyme in humans are even lower than found in rats and hamsters. Hence, the
mouse model may not be informative about cancer risks in humans because of the
differences in the metabolism of methylene chloride (IARC, 1999).

Recently, this concept has received further experimental support. Sherratt et al. (2002)
directly compared the relative capacity and locality of methylene chloride activation in
mouse and human fissues. The results showed that the mouse mGSTT1-1 was more
efficient in catalysing the conjugation of methylene chloride with GSH than the
orthologous human enzyme (hGST1-1). In addifion, the mouse expressed higher levels of
the enzyme than humans in the liver. Histochemical analysis confirmed the presence of
GSTT1-1 in the nucleus of mouse liver cells. In human liver lower levels of GSTT1-1 were
detected in bile duct epithelial cells and hepatocyte nuclei, but the enzyme was also
present in the cytoplasm. The species differences (mouse/humans) of a higher metabolic
efficiency of mGSTT1 vs. hGSTT1-1 are also explained by differences in the primary
structure. The amino acid residue 234 is the determinant of these differences. The
replacement of TRP234 in hGST1-1 by arginine, as found in the rodent enzyme, enhanced
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the enzymatic activity by an order of magnitude (Shokeer et al. 2005). The enzymatic
differences are paralleled by differences in the crystal structures of the proteins (Tars et
al. 2005).

Some peculiarities of human GSTT1-1 are also relevant. The hGST1 gene is polymorphic;
about 20% of the European populafion shows a complete deletion (GSTT1*0).
Furthermore, GSTT1-1 metabolising methylene chloride is present in human erythrocytes,
which is not the case in other species including rodents (review: Bolt and Thier 2006).
Hence, part of the human population (GSTT1*0) does not possess the activating pathway
leading to reactive metabolites, and for the rest of the population (GSTT1*1) the blood
compartment may act as an additional "sink” to eliminate methylene chloride (Sherratt
et al. 2002).

Published assessments of carcinogenic risks

Since the 1980s a number of arficles have presented quantitative comparisons of
methylene chloride metabolism, in order to derive calculations and argumentations
regarding possible carcinogenic risks in humans (Andersen et al. 1987, Green et al. 1988,
Liteplo et al. 1998, El Masri et al. 1999, Jonsson et al. 2001, Jonsson and Johanson 2001,
Preston and Williams 2005). An improved procedure has been adopted recently (Starr et
al. 2006).

Against the background of the previous developments, David et al. (2006) recently
presented an updated and refined physiologically-based pharmacokinetic (PBPK)
model for methylene chloride in humans. This model was based on the PBPK model
developed by Andersen et al. (1987) and later developments, and it was supplemented
by a Bayesian modelling using the Markov Chain Monte Carlo (MCMC) technique
(Marino et al. 2006). The modelling incorporated the advances in understanding the
metabolism and in statistical approaches, in order to better reflect the variability in
humans. By this way, the new information on human GSTT] polymorphism was
incorporated using the probabilistic design (El Masri et al. 1999, Jonsson and Johansson
(2001). Physiological parameters for input info the MCMC analysis were selected
according fo current scientific evidence for each parameter. Metabolic data for
individual subjects from five human studies were combined into a single data set and
population values were derived. These were used for calibrafion of the human model.
The PBPK model, using the calibrated metabolic parameters was then taken to perform
a cancer risk assessment for methylene chloride, relying on the experimental tumour
incidence in mice and on human exposure data of current IRIS enftries. Unit risks, i.e., the
risk of cancer from exposure to 1 microg/m?3 over a lifetime, were estimated using the
calibrated human model. The results indicated skewed distributions for liver and lung
tumour risks, alone or in combination, with a mean unit risk (per microg/m3) of 1.05 x 107,
considering both liver and lung fumours. Adding the distribution of genetic GSTTI
polymorphisms for metabolism fo the presumed ultimate carcinogen, the unit risks
ranged from 0 (which is expected given that approximately 20% of the population is
estimated to be GSTTI*0 “"non-conjugators”) up to a unit risk of 2.70 x 109 af the 95th
percentile. The median, or 50th percentile, was 9.33 x 10-10,

If one takes such a unit risk of 109, the risk of exposure to 1 microg/m3 methylene chloride
for human working lifetime (assumed as14% of lifetime) would be 1.4 x 10-19. Accordingly,
a lifetime risk for exposure at 100 ppm [353 mg/m3] would be 4.9 x 105, This is a risk level
that will never be detected in epidemiological studies. Even this estimate represents an
over-estimation of the human risk, as the “sink function” of the human erythrocytes (v.s.)
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in persons possessing the active GSTTT gene and GSTTI-1 enzyme has not been
considered.

Conclusion

Taking together the current knowledge on the potfential of human metabolic activation
of dichloromethane, it appears unlikely that this compound poses a practical
carcinogenic risk to humans, under conditions of current occupational exposures. In
consequence, SCOEL has decided to assign dichloromethane to the SCOEL carcinogen
group C with a “practical” threshold (Bolt and Huici-Montagud 2008) and to derive an
OEL based on non-cancer endpoints.
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Table é: Epidemiological investigations of the carcinogenicity of methylene chloride in humans

Exposed population Description of study Findings Study
119 cases and 108 conirols | Case control study of astrocytic | Risks increased with increased potential | Heineman et
potentially exposed to methylene | brain cancer intensity of exposure and duration of | al (1994)
chloride employment; exposure assessment

severely criticised by Norman (1996)
Mortality records from 24 states, | Case-contfrol study of breast | After adjusting for socioeconomic status, | Cantor et al
gathered from 1984 to 1989 coded | cancer with separate analyses | suggestive  associations for styrene, | (1995)
for occupation and industry. After | for blacks and whites. several organic solvents (methylene
excluding homemakers, 33509 cases chloride, carbon tetrachloride,
and 117794 controls remained. formaldehyde), and several

metals/metal oxides and acid mists.

3630 histologically confirmed cancer

Case-control study investigating

Possible association between methylene

(Dumas et al,

cases, of whom 257 had rectal | the relationship between solvent | chloride and rectal cancer, not possible | 2000)

cancer, 533 population confrols, | exposure and rectal cancer | to separate the relative importance of

1295 subjects with cancers at sites | (building on earlier study by | different potential risk factors

other than the rectum, lung, colon, | Siemiatycki, 1991)

rectosigmoid junction, small

intestine, and peritoneum

12980 female cases of CNS cancer | Death certificate-based case- | 20-30% CNS cancer increase in women | Cocco et al
in 24 US states in 1984-1992 and | control study exposed to electromagnetic fields (EMF), | (1999)

51920 female controls who died

from diseases other than
malignancies and  neurological
disorders

methylene chloride, insecticides,
fungicides, and contfact with the public.
Risk unrelated to probability and intensity
of exposure.
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Table 6: Investigations of carcinogenicity in long term animal experiments [conversion factor: 1 mgm-= = 0.28 ppm]

Species | Exposure regime Concentrations | Observed effects Study

mgm-3

Rats for 6 hours per day, 5 days | 0, 3530, 7060 | Reduced survival of exposed and unexposed male rats | NTP (1986)
per week for 2 years and 14120 due to leukaemia. Reduced survival of high dose females.

Increased incidences of benign mammary gland
adenomas and fibroadenomas in exposed males and
females. Liver damage in exposed animals with a dose-
related increase in the incidence of hepatocellular
neoplastic  nodules or hepatocellular carcinomas
(combined) in females. Increased incidence of squamous
metaplasia of the nasal cavity in high dose females. In
males, increased incidence of mesotheliomas (arising
primarily from the tunica vaginalis)

Rats 6 hours/day, 5 days/ week | 0, 1770, 5300, | Increase in sarcomas in the mid-cervical area in the region | Burek et al
for 2 years 12400 of the salivary gland in mid and high-dose males. Slight | (1984)

dose-related increase in benign mammary tumours in
males, dose related increase in benign mammary tumours
in females

Rats 6 hours/day, 5 days/ week | 0,177,710, 1770 | Increase in benign mammary tumours in females at 1770 | Nitschke et
for 20 months (males), 24 mgm-3. NOEL 710 mgm al (1988a)
months (females)

Rafts 4 hours/day, 5 days/week | 350 No effect on incidence of benign or malignant fumours Maltoni et
for 7 weeks, then 7 al (1988)
hours/day, 5 days/week
for 97 weeks

Rafts As above for 15 and 104 | 350 No effect on incidence of benign or malignant fumours Maltoni et
weeks al, 1988)
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Mice 6 hours/day, 5 days/week | 7100 An excess of lung and liver tumours observed in mice | Kari et al
for various periods up to exposed for over 1 year (1992)
104 weeks
Mice 6 hours/day, 5 days/week | 7100 All exposed groups showed excesses of lung and liver | Kari ef al
for 26, 52, 78 or 104 weeks fumours (1992)
Mice 6 hours per day, 5 days per | 0, 7060, 14120 The survival of exposed males and high dose females was | NTP (1986)
week for 2 years reduced. Increased incidences of lung fumours were
observed in exposed mice. Cytologic degeneration of the
liver and increased Incidences of hepatocellular
adenomas or hepatocellular carcinomas (combined)
were observed in high dose male and exposed female
mice. Dose-related increases in the numbers of mice
bearing multiple lung or liver neoplasms and in the
incidences of testicular atrophy in male mice and uterine
and ovarian atrophy in female mice.
Mice 6 h per day, for varying | 7060 Exposure caused an increase in liver and lung neoplasia in | Maronpot
durations up to 104 weeks. the absence of overt cytotoxicity. Measurement of | et al (1995)
replicative DNA synthesis after 13, 26, 52 and 78 weeks of
exposure showed a significant decrease in the hepatocyte
labelling index at 13 weeks. Replicative DNA synthesis in
pulmonary airways after 1, 2, 3, 4, 13 and 26 weeks of
exposure was significantly lower than in conftrols.
Hamster | 6 hours/day, 5 days/week | 0, 1770, 5300, | No significant increase in tumours Burek et al
for 2 years 12400 (1984)
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2.8. Reproductive toxicity

Humans

Methylene chloride crosses the placenta and is also excreted in breast milk.

A case control study of 44 women within a cohort of workers employed in Finnish
Pharmaceutical factories reported that methylene chloride was associated with an
increased risk of spontaneous abortion (Odds Ratio of 2.3 with a 95% confidence interval
of 1.0-5.7). There was weak evidence that risk increased with increasing frequency with
which methylene chloride was handled but the odds ratios for other solvents were also
raised, so the significance of the findings for methylene chloride is uncertain (Taskinen ef
al, 1986).

A study of 50 men working on aircraft maintenance at an US Air Force installation exposed
to jet fuel and solvent concentrations below é ppm (i.e. 21 mgm-3 for methylene chloride)
for individual solvents found some effects on sperm generation but no clear association
was found between biological exposure measurements and spermatogenic changes
(Lemasters et al 1999).

Animals

The IPCS (1996) reviewed several studies. Slight skeletal malformations but no significant
teratogenic effects or evidence of foetal toxicity was observed in rats and mice exposed
to concentrations of methylene chloride of 1230 ppm [4400 mgm-3] for 7 hours/day on
days 6 to 15 of pregnancy (Schwetz et al, 1975). Maternal COHb levels of 12% were
measured during exposure. No teratogenic effects were observed in rats exposed to 4550
ppm [16260 mgm-3] for é hours/day during 17 days of pregnancy but foetal body weights
were reduced (Hardin and Manson, 1980). No effects were seen in behavioural assays but
there were changes in the general activity level of pups from about 10 days that were sfill
present at 150 days. It was unclear whether this was a result of exposure. Maternal COHb
levels during exposure ranged from 7.1-10.1 %.

In a two generation study, rats were exposed to 0, 100, 500, or 1500 ppm [0, 350, 1770 or
5300 mgm3] for 6 hours per day for 5 days each week. No evidence was found of any
adverse effect on any reproductive parameter, neonatal survival or neonatal growth in
either the Fo or F1 generation (Nitschke et al, 1988a and b).

Recommendation

High levels of exposure methylene chloride have led to unconsciousness and, in some
cases, death.

The formation of COHb as a result of methylene chloride metabolism decreases the
oxygen-carrying capacity of the blood, giving symptoms of oxygen deprivation such as
light-headedness, headache or loss of consciousness. In non-smoking workers, COHb levels
in blood of more than 8% were found following exposure to about 250 ppm [880mg/m3] for
7.5 hours.

Other effects include irritation of the eyes and respiratory fract, lung oedema and acute
effects on the heart, liver and kidneys. Experiments in human volunteers have found
neurobehavioral changes following exposure to 250 ppm [694 mg/m3] for 1.5 to 3 hours
and effects on liver function at 460 ppm [1650 mg/m3].
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At the workplace, no evidence of adverse effects on health has been found following
exposure concentrations of about 100 ppm [350 mg/m3] over several years.

In animals, repeated or long-term exposure to high concentrations of methylene chloride
is associated with reversible CNS effects, slight eye irritation, liver effects and mortality. The
lowest exposure concentration reported to cause liver effects is 25 ppm [88 mg/m3] (for
continuous exposure). No effects were found on the liver following exposure to 250 ppm
[880 mg/m3] for 5 hours per day. The lowest exposure concentration associated with
reversible CNS effects is 2000 ppm [17700 mg/m3] (6 hours/day) with no effects at 500 ppm
[7100 mg/m3]. Effects on brain chemistry were reported following exposure to 70 ppm [250
mg/m?3] (6 hours/day).

Despite a large number of epidemiological investigations, no clear association between
methylene chloride and cancer in humans has been demonstrated. The studies with the
largest cohorts and longest follow up times are those published by Hearne and Pifer (1999),
Lanes et al (1993) and Tomenson et al (1997).

Inhalation exposure to methylene chloride is associated with the development of cancers
in mice but not in rats and hamsters. The mouse model may not be informative about
cancer risks in humans because of large quantitative differences in the metabolism of
methylene chloride. IARC (1999) concluded that that methylene chloride is possibly
carcinogenic fo humans (Group 2B).

Human reproductive data are limited and do not provide clear evidence of an effect. No
teratogenic effects were observed in rats exposed to 4560 ppm [16300 mg/m3] but foetal
body weights were reduced. Slight skeletal malformations have been reported at 1230
ppm [4400 mg/m3]. No effects were found in a two generation study at concentrations of
up fo 1480 ppm [5300 mg/m3].

As mentioned above, no evidence of adverse effects on health has been found at the
workplace following occupational exposure concentrations of about 100 ppm
[350 mg/m3] over several years. Experimental studies appear consistent with this figure.

A relevant toxic metabolite of methylene chloride is carbon monoxide. For carbon
monoxide SCOEL has recommended an OEL of 20 ppm, compatible with a biological limit
(BLV) of 4% COHb (SCOEL/SUM/57D).

Experimental exposures of human volunteers to 100 ppm methylene chloride have resulted
in 3% COHb at the end of an 8 h exposure period (Figure 1). This is basically supported by
field studies in exposed workers (Soden 1993, Soden et al. 1996; Figure 2)

Taking these informations together, an OEL (8 h TWA) of 100 ppm is recommended for
methylene chloride. Based on possible short-term prenarcotic effects, a STEL (15 min) is set
fo 200 ppm.

The biological limit (BLV) recommended for carbon monoxide (4%COHb) also to
methylene chloride. It should be observed that this limit may be exceeded in cases of
heavy smokers, due to the COHb increment by tfobacco smoking. Therefore, for practical
purposes the determination of methylene chloride in blood or urine (both at end of the
shift) may be advantageous. According to the explanations given in chapter 5.1, BLVs are
proposed for methylene chloride in blood of 1 mg/liter, and for methylenhe chloride in
urine of 0.3 mg/liter.

Methylene chloride is carcinogenic to mice, producing lung and liver tumours. This
carcinogenicity is conferred by a reductive, GST-dependent, metabolic pathway.
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Quantitative comparisons of the toxicokinetics in several experimental animal species and
in humans indicate that this toxifying pathway is not relevant in humans (see chapter 5.7
for details). This conclusion is also compatible with epidemiological data, which did not
point to clear carcinogenic effects in humans, although there have been significant
occupational exposures to methylene chloride since many decades. The compound is
assigned to the SCOEL carcinogen group C, implying the existence of a “practical
threshold (see chapter 5.7).

As specified in chapter 5.1, there may be a significant contribution of skin to the total
uptake of methylene chloride under workplace conditions. Consequently, a skin notation
is applied.
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