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2. HEALTH EFFECTS

2.1 INTRODUCTION

The primary purpose of this chapter is to provide public health officials, physicians, toxicologists, and
other interested individuals and groups with an overall perspective on the toxicology of methylene
chloride. It contains descriptions and evaluations of toxicological studies and epidemiological
investigations and provides conclusions, where possible, on the relevance of toxicity and toxicokinetic

data to public health.

A glossary and list of acronyms, abbreviations, and symbols can be found at the end of this profile.

2.2 DISCUSSION OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To help public health professionals and others address the needs of persons living or working near
hazardous waste sites, the information in this section is organized first by route of exposure (inhalation,
oral, and dermal) and then by health effect (death, systemic, immunological, neurological, reproductive,
developmental, genotoxic, and carcinogenic effects). These data are discussed in terms of three exposure

periods: acute (14 days or less), intermediate (15-364 days), and chronic (365 days or more).

Levels of significant exposure for each route and duration are presented in tables and illustrated in
figures. The points in the figures showing no-observed-adverse-effect levels (NOAELSs) or
lowest-observed-adverse-effect levels (LOAELSs) reflect the actual doses (levels of exposure) used in the
studies. LOAELS have been classified into "less serious" or "serious" effects. "Serious" effects are those
that evoke failure in a biological system and can lead to morbidity or mortality (e.g., acute respiratory
distress or death). "Less serious" effects are those that are not expected to cause significant dysfunction
or death, or those whose significance to the organism is not entirely clear. ATSDR acknowledges that a
considerable amount of judgment may be required in establishing whether an end point should be
classified as a NOAEL, "less serious" LOAEL, or "serious" LOAEL, and that in some cases, there will be
insufficient data to decide whether the effect is indicative of significant dysfunction. However, the
Agency has established guidelines and policies that are used to classify these end points. ATSDR
believes that there is sufficient merit in this approach to warrant an attempt at distinguishing between

"less serious" and "serious" effects. The distinction between "less serious" effects and "serious" effects is
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considered to be important because it helps the users of the profiles to identify levels of exposure at which
major health effects start to appear. LOAELSs or NOAELSs should also help in determining whether or not
the effects vary with dose and/or duration, and place into perspective the possible significance of these

effects to human health.

The significance of the exposure levels shown in the Levels of Significant Exposure (LSE) tables and
figures may differ depending on the user's perspective. Public health officials and others concerned with
appropriate actions to take at hazardous waste sites may want information on levels of exposure
associated with more subtle effects in humans or animals (LOAEL) or exposure levels below which no
adverse effects (NOAELSs) have been observed. Estimates of levels posing minimal risk to humans

(Minimal Risk Levels or MRLs) may be of interest to health professionals and citizens alike.

Levels of exposure associated with carcinogenic effects (Cancer Effect Levels, CELs) of methylene
chloride are indicated in Tables 2-1 and 2-2 and Figures 2-1 and 2-2. Because cancer effects could occur
at lower exposure levels, Figures 2-1 and 2-2 also show a range for the upper bound of estimated excess

risks, ranging from a risk of 1 in 10,000 to 1 in 10,000,000 (10~ to 107", as developed by EPA.

Estimates of exposure levels posing minimal risk to humans (Minimal Risk Levels or MRLs) have been
made for methylene chloride. An MRL is defined as an estimate of daily human exposure to a substance
that is likely to be without an appreciable risk of adverse effects (noncarcinogenic) over a specified
duration of exposure. MRLs are derived when reliable and sufficient data exist to identify the target
organ(s) of effect or the most sensitive health effect(s) for a specific duration within a given route of
exposure. MRLs are based on noncancerous health effects only and do not consider carcinogenic effects.
MRLs can be derived for acute, intermediate, and chronic duration exposures for inhalation and oral

routes. Appropriate methodology does not exist to develop MRLs for dermal exposure.

Although methods have been established to derive these levels (Barnes and Dourson 1988; EPA 1990d),
uncertainties are associated with these techniques. Furthermore, ATSDR acknowledges additional
uncertainties inherent in the application of the procedures to derive less than lifetime MRLs. As an
example, acute inhalation MRLs may not be protective for health effects that are delayed in development
or are acquired following repeated acute insults, such as hypersensitivity reactions, asthma, or chronic
bronchitis. As these kinds of health effects data become available and methods to assess levels of

significant human exposure improve, these MRLs will be revised.
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A User's Guide has been provided at the end of this profile (see Appendix B). This guide should aid in
the interpretation of the tables and figures for Levels of Significant Exposure and the MRLs.

2.2.1 Inhalation Exposure

2.2.1.1 Death

Case studies of methylene chloride poisoning during paint stripping operations have demonstrated that
inhalation exposure can be fatal to humans (Bonventre et al. 1977; Hall and Rumack 1990; Stewart and
Hake 1976). Although quantitative estimates of exposure levels were not reported for these cases, levels
of methylene chloride in various tissues were reported: liver (14.4 mg/dL), blood (51 mg/dL), serum

(29 pg/mL), and brain (24.8 mg/100 g) (Bonventre et al. 1977; Hall and Rumack 1990). The cause of
death in these cases was uncertain; however, myocardial infarction was reported in one case (Stewart and
Hake 1976). Death also occurred in two workers involved in oleoresin extraction processes and liquid
cleaning operations (Moskowitz and Shapiro 1952; Winek et al. 1981). Exposure reportedly occurred
from less than 1 hour up to 3 hours, but the concentration of methylene chloride was not reported. The
compound was detected in the lung (0.1 mL/500 g wet tissue), brain (0.27 g/L), and blood (29.8 mg%)
(Moskowitz and Shapiro 1952; Winek et al. 1981). Two cases of lethal poisoning following acute
inhalation of extremely high concentrations of methylene chloride in air (estimated as up to 168,000 ppm)
occurred in two workers burying barrels containing mixed solvents and solid chemical waste in a well
about 2 meters below ground level (Manno et al. 1992). Methylene chloride concentrations in blood of
the two workers were 572 and 601 mg/L, respectively. Blood carboxyhemoglobin (COHb) concen-
trations were about 30% higher than normal. Death appears to have been caused by narcosis and
respiratory depression due to the acute effects of high concentration methylene chloride on the central
nervous system. One death in the United Kingdom resulting from acute inhalation occupational exposure
to methylene chloride (concentration not provided) was attributed to acute narcosis resulting in
respiratory depression (Bakinson and Jones 1985); necropsy revealed evidence of liver and spleen
congestion. One case of fatal gassing occurred during paint-stripping of a chemical tank (Tay et al.
1995). The paint stripper contained 74% w/w (weight by weight) of methylene chloride; the
concentration of methylene chloride vapor within the tank was later estimated to have been well above
100,000 ppm. The worker did not wear a respirator and did not engage a forced ventilation system into
the confined space of the tank. He was found unconscious and died 4 days later. His methylene chloride

blood concentration was 281 mg/L.
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Another case of fatal poisoning was reported in Korea: the body of the chief executive of a painting and
coating factory was discovered in an underground trichloroethylene tank in which methylene chloride was
being used to removed rust from iron sheets (Kim et al. 1996a). Autopsy revealed pronounced organ
congestion in the brain, kidneys, liver, and lungs; blood tissue samples contained 3% COHb and

252 mg/L of methylene chloride. This methylene chloride blood concentration is similar to that reported
for other fatalities (Manno et al. 1992; Tay et al. 1995). Concentrations of methylene chloride in other
tissues ranged from 26 mg/kg in the lungs to 75 mg/kg in the brain (Kim et al. 1996a). The data were

sufficient to confirm that the death was due to methylene chloride poisoning.

In another study, no increase in deaths in methylene chloride workers, assessed by life table analysis, was
found after exposure to 30—120 ppm (time weighted averages) for over 30 years (Friedlander et al. 1978).
Fiber production workers exposed to methylene chloride (140—475 ppm) for at least 3 months did not
have a significant increase in mortality (Lanes et al. 1993; Ott et al. 1983b).

Studies in animals confirm that methylene chloride may be lethal after inhalation exposure at high
concentrations. Acute exposure to 16,000—-19,000 ppm of methylene chloride for 4-8 hours caused death
in rats and mice (NTP 1986; Svirbely et al. 1947). Also, one of four female monkeys died after 10 days
of continuous exposure to 5,000 ppm methylene chloride (MacEwen et al. 1972). Data suggest there is a
narrow margin between concentrations causing anesthesia and death. An LC,, of 16,189 ppm was
reported in mice acutely exposed to methylene chloride (Svirbely et al. 1947). No deaths were found in
mice exposed for 4 hours to 16,800 ppm, but 70% of the mice exposed to 17,250 ppm died (NTP 1986).
Repeated exposure from intermediate to lifetime duration at levels ranging from 1,000 to 16,000 ppm can
cause increased deaths in rats, mice, guinea pigs, rabbits, and dogs (Burek et al. 1984; Heppel et al. 1944;
NTP 1986). Results of the different inhalation studies described in the NTP (1986) report illustrate that
with increasing duration, the lethal exposure level decreases. A 19-day intermittent exposure to

6,500 ppm of methylene chloride or a 13-week exposure to 4,200 ppm were not lethal to rats or mice, but
exposure for 2 years at 4,000 ppm reduced survival in female rats and in mice of both sexes (NTP 1986).
Although the same target organs (central nervous system, lungs, liver) are affected in mammals, the
available mortality data suggest differences in sensitivity among species, with dogs being more sensitive

than mice and rats.

An LC,, value and all reliable LOAEL values for lethality in each species and duration category are

recorded in Table 2-1 and plotted in Figure 2-1.



TABLE 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation

a Exposure/ LOAEL
K?y 10 Species  duration/ NOAEL Less serious Serious
figure (strain)  frequency System (ppm) (ppm) (ppm) Reference
ACUTE EXPOSURE
Death
1 Monkey 10d - 5000 F (1/4 died) MacEwen et al.
(Rhesus) 24 hrid 1972
2 Rat 4hr 17250  death in 2/15 NTP 1986 -
(Fischer- 344)
3 Mouse 4 hr 17250  death in 7/10 NTP 1986
(B6C3F1)
4 Mouse 8hr 16189 (LC ) Svirbely et al.
; 50 1947
(Swiss-
Webster)
Systemic
5 Human 8 hr/d Cardio 100 M Cherry et al. 1981
: 3d
6 Human 8 hr Cardio 475 Ott et al. 1983¢
7 Rat Gd 6-15 Hepatic 1250 F Schwetz et al.
(Sprague- 7 hr/d 1975
Dawley)
8 Mouse Gd 6-15 Hepatic 1250 F {increased absolute liver Schwetz et al.
(Swiss- 7 hrid weight) 1975
Webster)
9 GnPig 6 hr Hepatic 5200 M (increased hepatic Morris et al. 1979
(Hartley) triglycerides)
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TABLE 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation (continued)

Kev to® Exposure/ LOAEL
ey to Species  duration/ NOAEL Less serious Serious
figure (strain)  frequency System (ppm) (ppm) (ppm) Reference
10 Dog 6d Hepatic 10000 F (moderate centrilobufar Heppe! et al. 1944
(NS) 4 hr/d fatty degeneration)
11 Rabbit 10 min Ocular 490M (increased corneal Ballantyne et al.
(New thickness and intraocular 1976
Zealand) fension)
Neurological
12 Human 24 hr 300 F (decreased critical Fodor and
flicker frequency) Winneke 1971
13 Human 4 hr 200 (decreased eye-hand Putz et al. 1979
coordination and
peripheral visual
response and auditory
function)
14 Human 1-2 hr 515M (altered visual evoked Stewart et al.
response) 1972
15 Human 3-4 hr 300° F (decreased critical Winneke 1974
flicker frequency and
auditory vigilance)
16 Monkey 1d 10000 F (reduced activity; Heppel et al. 1944
(NS) 4 hr/d incoordination)
17 Rat 5 diwk 10000  (gait disturbance, Heppel et al. 1944
(NS) 4 hr/d somnolence, prostration,
respiratory depression)
18 Rat 60 min 5000 M (increased latency of Rebert et al. 1989

(Fischer- 344)

auditory evoked
potential)
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TABLE 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation (continued)

Kev to® ) Exposure/ LOAEL
fV to Spec!es duration/ _ NOAEL Less serious Serious
figure (strain)  frequency System (ppm) (Ppm) (Ppm) Reference
19 Rat 2wk 500 M (decreased succinate Savolainen et al.
(Wistar) 5 d/wk dehydrogenase activity in 1981
6 hrid cerebellum)
20 Gn Pig 5 d/iwk 10000 M (somnolence) Heppel et al. 1944
(NS) 7 hr/d
21 Dog 6d 10000 (incoordination, excitability, —Heppel et al. 1944
(NS) 4 hr/d hyperactivity)
22 Rabbit 5 d/wk 10000 M (excitement, inactivity, Heppel et al. 1944
(NS) 4 hr/d postural disturbance)
Developmental
23 Rat Gd 6-15 1250 (increased incidence of Schwetz et al.
(Sprague- 7 hr/d diiated renal pelvis and 1975
Dawley) delayed ossification of
sternebra)
24 Mouse Gd6-15 1250 (increased incidence of Schwetz et al.
(Swiss- 7 hrid extra sternal ossification 1975
Webster) center)
INTERMEDIATE EXPOSURE
Death
25 Rat 8 wk 10000 (death in 2/16) Heppel et al. 1944
(NS) 5 diwk
4 hr/d
26 Rat 19d 16000 (death in 9/10) NTP 1986

(Fischer- 344) 5 d/wk

6 hr/d
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TABLE 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation {continued)

Kev t0® <ot Exposure/ : LOAEL
ey to Species  duration/ NOAEL Less serious Serious
figure (strain) frequency System (ppm) (ppm) (ppm) Reference
27 Mouse 4 wk 5000 F (LC,,) MacEwen et al.
(ICR) 7 diwk 1972
24 hr/d
28 Mouse 19d 13000 (death in 7/10) NTP 1986
(B6C3F1)  Sdiwk
6 hr/d
(B6C3F1) 5 dwk %
6 hr/d
30 Gn Pig 6 mo 5000 M (death in 3/8) Heppel et al. 1944
(NS) 5 d/wk
7 hrid
31 Dog 14 wk 1000 F (death in 6/8) MacEwen et al.
(Beagle) 7 diwk 1972
24 hr/d
32 Rabbit 8 wk 10000 (deathin 3/5). - Heppel et al. 1944
(NS) 5 d/wk
4 hr/d
Systemic
33 Monkey 100d Hemato 100 Haun et al. 1972
(NS) 24 hrid
Hepatic 100
Renal 100
34 Monkey 14 wk Hepatic 1000 F (fat accumulation) MacEwen et al.
(Rhesus) ; f{jwlié 1972
; Bd Wt 1000 F (decreased weight gain)
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TABLE 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation (continued)

=
m
a Exposure/ LOAEL T
Keyto Species  duration/ NOAEL Less serious Serious m
figure (strain)  frequency System {ppm) (ppm) (ppm) Reference &
0
35 Monkey 4 wk Hepatic 5000 F (atrophy; fatty change) MacEwen et al. ,25
(Rhesus) 7 d/wk 1972 9
24 hrid 5
m
36 Rat 100 d Hepatic 25°  (cytoplasmic Haun et al. 1972
(NS) 24 hr/d vacuolization, faity
infiltration)
Renal 25 (fatty infiltration,
degenerative changes)
37 Rat 8 wk Resp 10000  (pulmonary congestion, Heppel et al. 1944 o
(NS) 5 diwk edema, focal extravasion of <
4 hr/d blood) ]
2
38 Rat 14 wk Hepatic 5000M (iron pigmentation) MacEwen et al. m
(Sprague- 7 d/wk 1972 ﬁ
Dawley) 24 hr/d 9'
Renal 5000 M (cortical tubular v
degeneration)
39 Rat 4 wk Hepatic 5000 M (iron pigmentation, MacEwen et al.
(Sprague- 7 diwk cellular vacuolization) 1972
Dawley) 24 hr/d
40 Rat 28d Hepatic 250 M Norpoth et al.
(Wistar) 5 hr/d 1974
41 Rat 13 wk Resp 8400 (pneumonia) NTP 1986
(Fischer- 344) S d/wk
6 hr/d
42 Mouse 100d Hepatic 25 Haun et al. 1972
(NS) 24 h/d N



TABLE 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation (continued)

K a . Exposure/ LOAEL
f;:;yulr‘; ?ptec!es duration/ Sve NOAEL Less serious Serious
strain)  frequency ystem (ppm) (ppm) {ppm) Reference
43 Mouse 20d Hepatic 75 (fatty infiltration; Kjellstrand et al
(NMRI) 24 hr/d increased liver weight) 1986
44 Mouse 14 wk Hepatic 1000 F (iron pigmentation MacEwen et al.
(ICR) 7 diwk ‘ nuclear degeneration; 1972
24 hr/d pyknotic cells)
45 Mouse 13 wk Hepatic 4200 (centrilobular hydropic NTP 1986
(BBC3F1) 5 d/wk degeneration)
6 hr/d
46 Gn Pig 6 mo Resp 5000 M (pneumonia) Heppel et al. 1944
NS 5 diwk '
(NS)
7 hr/d . .
Hepatic 5000 M (centrilobular fatty
degeneration)
47 Gn Pig 8 wk Hepatic 10000 (slight to moderate fatty Heppel et al. 1944
N 5 d/wk degeneration)
(NS)
4 hr/d
48 Dog 100 d Hemato 100 Haun et al. 1972
(NS) 24 hr/d
Hepatic 100
Renal 100
49 Dog 14 wk Hepatic 1000 F (fatty changes, MacEwen et al.
7 diwk increased enzyme) 1972
24 hr/d Renal 1000 F (renal tubular
vacuolization)
50 Rabbit 8 wks Resp 10000 M (pulmonary congestion, Heppel et al. 1944
(NS) 5 d/iwk edema, focal necrosis) :

4 hr/d
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TABLE 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation (continued)

Exposure/ ' LOAEL

':gutrf ?:t?ac:ﬁ)s fduration/ NOAEL Less serious Serious .
requency System (ppm) (ppm) {(ppm) Reference
immunological/Lymphoreticular _
51 Rat 28d 5187 , Halogenated
(Sprague- 5 d/iwk _ Solvent Industry

Dawley) 6 hr/d .Alliance, Inc 2000

Neurological
52 Rat Gd 1-17 4500 F ’ ; Bornschein et al.
' (Long- Evans) 1980
53 Rat 13 wk 2000 Mattsson et al.
(Fischer- 344) 5 d/wk 1990
6 hr/d
54 Gerbil 3 mo 210 (alterations in brain Briving et al. 1986
(Mongolian) amino acids)
55 Gerbil 7-16 wk ' . 210 (decreased hippocampal Rosengren et al.
(Mongotian) 24 hr/d DNA concentrations) 1986
Reproductive
56 Rat 2gen 1500 Nitschke et al.
(Fischer- 344) 1988b
57 Mouse 6 wk 200 M Raje et al. 1988
(Swiss- 5 d/wk
Webster) 2 hr/d
CHRONIC EXPOSURE
Death _
58 Rat 2yr _ 3500 (90% mortality) Burek et al. 1984

(Sprague- 5 diwk
Dawley) -6 hr/d

AAHOTHO INITTAHLIN
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TABLE 2-1. Levels of Significant Exposure to Methyléne Chloride - Inhalation (continued)

Kev to® ) Exposure/ LOAEL
f;;yutrz ?ptec:es duration/ NOAEL Less serious Serious
strain)  frequency System (ppm) _ (ppm) {ppm) Reference
Systemic =
59 Human >1-5yr Hemato 475 Ott et al. 1983a
8 hr/d
60 Human >10yr Cardio 475 Soden 1993
‘ Hemato 475
Hepatic 475
61 Rat 2yr Hemato 3500 Burek et al. 1984
(Sprague- S d/wk '
Dawley) 6 hr/id
Hepatic 500 (hepatocellular
vacuolization,
multinucleated
hepatocytes)
62 Rat 102 wk Resp 1000 (nasal cavity squamous Mennear et al.
(Fischer- 344) 2,‘1‘%" metaplasia) 1988; NTP 1986
f Renal 2000 F (tubular cell
degeneration)
63 Rat 2yr Hemato 50 200 (significant increase in Nitschke et al.
(Sprague- 5 diwk carboxyhemaglobin) 1988a
Dawley) 6 hrid
Hepatic 50¢ 200 F {multinucleated
hepatocytes)
64 Mouse 102 wk Renal 4000 (increased incidence of Mennear et al.
(B6C3F1) g g/\/lzjk kidney/tubule casts) 1988; NTP 1986
I
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TABLE 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation (continued)

a Exposure/ LOAEL
Keyto " species  duration NOAEL Less serious Serious
figure (strain) frequency System (ppm) (PpmM) (ppm) Reference
Cancer
65 Rat 102 wk 1000  (CEL: mammary Mennear et al
(Fischer- 344) 5 diwk fibroadenoma or 1988; NTP 1986
6 hr/d adenocarcinoma)
66 Rat 2yr 500 (CEL mammary gland Nitschke et al.
(Fischer- 344) S d/wk tumors) 1988a
6 hr/d
67 Mouse 102 wk 2000 (CEL: liver and lung Mennear et al.
(B6C3F1) g g/\;ék adenoma and carcinomas) ~ 1988; NTP 1986
r

*The number corresponds to entries in Figure 2-1.

*Used to derive an acute inhalation MRL of 0.6 ppm; the LOAEL was adjusted for a 24-hour exposure by Rietz et al. (1997), yielding a duration-adjusted LOAEL of 60 ppm which was
divided by an uncertainty factor of 100 (10 for use of a LOAEL and 10 for human variability).

“Used to derive an intermediate inhalation MRL of 0.3 ppm, human equivalent concentration divided by an uncertainty factor of 90 (3 for the use of a minimal LOAEL, 3 for
extrapolation from animals to humans, and 10 for human variability).

4Jsed to derive a chronic inhalation MRL of 0.3 ppm; human equivalent concentration adjusted for intermittent exposure and divided by an uncertainty factor of 30 (3 for
extrapolation from animals to humans and 10 for human variability).

Cardio = cardiovascular; CEL = cancer effect level; d = day(s); Derm/oc = dermal/ocular; DNA = deoxyribonucleic acid; Gd = gestation day; gen = generation; Gn pig = guinea pig;
Hemato = hematological; hr = hour(s); LC50 = lethal concentration, 50% kill; LOAEL = lowest-observed-adverse-effect level; min = minute(s); mo = month(s); NOAEL =
no-observed-adverse-effect level; wk = week(s); yr = year(s)

S103443 HiTV3aH ¢

3AI™YOTHD ANTTAHLIN

14



Figure 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation
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Figure 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation (continued)
Intermediate (15-364 days)
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Figure 2-1. Levels of Significant Exposure to Methylene Chloride - Inhalation (continued)
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2.2.1.2 Systemic Effects

No studies were located regarding musculoskeletal or dermal effects in humans or animals after inhalation
exposure to methylene chloride. Effects of methylene chloride on the respiratory, cardiovascular,

gastrointestinal, hepatic, renal, and ocular systems are discussed below.

The highest NOAEL values and all reliable LOAEL values for systemic effects in each species and
duration category are recorded in Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Asphyxia was determined to be the cause of death in the case of a male worker
who was subjected to acute inhalation exposure (concentration unknown) for 1 hour (Winek et al. 1981);
the autopsy revealed bilateral pulmonary congestion with focal hemorrhage. Respiratory symptoms
(cough, breathlessness, chest tightness) were reported in only 4 of 33 cases of acute inhalation exposure
to methylene chloride that were reported to occupational health authorities in the United Kingdom
between 1961 and 1980 (Bakinson and Jones 1985); no exposure levels were provided in this study. No
pulmonary function abnormalities were found in humans exposed to methylene chloride vapors

(50-500 ppm) for 6 weeks (NIOSH 1974). Irritative symptoms of the respiratory tract were more
prevalent among 12 Swedish male graffiti removers, employed to clean underground stations by using
methylene chloride-based solvent, than those of the general population (Anundi et al. 1993). The 8-hour

time-weighted average (TWA) to which these workers were exposed ranged from 18-1,200 mg/m’.

Two clinical case studies (Snyder et al. 1992a, 1992b) were reported in which two men who had been
working in confined spaces with a nationally advertised brand of paint remover (consisting of >80% w/w
methylene chloride) presented to the hospital emergency department complaining of dyspnea, cough, and
discomfort in the midchest. In chest x-rays, each of the patients showed alveolar and interstitial
infiltrates. One patient was treated with oxygen and albuterol and his symptoms improved over 48 hours;
a repeat chest x-ray showed complete clearing of the infiltrates. During the next year, the patient
continued to have episodic cough with wheeze and breathlessness which improved with albuterol therapy.
The patient had no prior history of asthma or cough. A methacholine challenge test verified that he had
hyperactive airways. The second patient was treated with oxygen and his symptoms improved during the
next 48 to 72 hours; a repeat chest x-ray taken 3 days later revealed marked, but not complete, resolution

of previously-noted lung infiltrates. Ten days later he was asymptomatic and his chest x-ray was normal.
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Pulmonary effects were observed in animals that died following exposure to high concentrations of
methylene chloride (Heppel et al. 1944). Extreme pneumonia was found in 3/14 guinea pigs exposed to
5,000 ppm for up to 6 months, and pulmonary congestion and edema with focal necrosis was found in

3/5 rabbits and 2/16 rats exposed to 10,000 ppm for up to 8 weeks (Heppel et al. 1944). A high incidence
of foreign body pneumonia, involving focal accumulation of mononuclear and multinucleate
inflammatory cells, was observed in 10/20 rats exposed to methylene chloride at 8,400 ppm for 13 weeks
(NTP 1986). The significance of this finding is uncertain since the effect was observed only at the
highest concentration tested. Male B6C3F, mice exposed to 4,000 ppm methylene chloride for

6 hours/day, 5 days/week for 13 weeks showed acute Clara cell damage in the lung after a 1-day exposure
to methylene chloride, which appeared to resolve after 5 consecutive daily exposures (Foster et al. 1992).
The appearance and disappearance of the lesion in Clara cells correlated well with the activity of
cytochrome P-450 monooxygenase in Clara cells, as assessed immunocytochemically in the whole lung,
and biochemically in freshly isolated Clara cells. Nasal cavity squamous metaplasia was observed in rats

exposed intermittently to 1,000 ppm methylene chloride in the NTP (1986) bioassay.

Cardiovascular Effects. Studies in humans exposed to methylene chloride vapors between 50 and
500 ppm have not reported significant electrocardiographic abnormalities (Cherry et al. 1981; Ott et al.
1983c; NIOSH 1974). In cohort studies of methylene chloride workers, no increased ischemic heart
disease mortality was observed with chronic time-weighted average exposures from 26 to 1,700 ppm
(Hearne et al. 1990; Lanes et al. 1993; Ott et al. 1983b). There were no differences in cardiac effects, as
measured by a health history questionnaire relating to heart problems (e.g., chest discomfort with
exercise; racing, skipping, or irregular heartbeat), between 150 workers occupationally exposed for more
than 10 years to relatively high levels of methylene chloride (8-hour TWA of 475 ppm), and a similar,
nonexposed group of employees at a polyester staple plant (Soden 1993). The exposed cohort were also

exposed to mean 8-hour TWA concentrations of 900 and 100 ppm of acetone and methanol, respectively.

Data in animals are limited to one study evaluating cardiac arrhythmia in the mouse (Aviado and Belej
1974). Atrioventricular block was observed following acute exposure to methylene chloride at
concentrations greater than 200,000 ppm. Exposure to high concentrations of this sort is not likely to

occur in the environment under normal conditions.
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Gastrointestinal Effects. Nausea and vomiting were reported in 13 out of 33 cases of acute
inhalation exposure to methylene chloride that were registered with occupational health authorities in the
United Kingdom between 1961 and 1980 (Bakinson and Jones 1985); concentration levels were not
provided in this study. Dilatation of the stomach was reported in mice after inhalation exposure to

4,000 ppm methylene chloride for 2 years (NTP 1986).

Hematological Effects. In humans, average blood COHb levels measure less than 1% in an
atmosphere free of carbon monoxide, and less than 4% in a normal atmosphere. Blood COHb
concentrations were about 30% higher than normal in two cases of lethal poisoning following acute
inhalation of extremely high concentrations of methylene chloride in air (estimated ~168,000 ppm) in
workers who were burying barrels containing mixed solvents and solid chemical waste in a well about

2 meters below ground level (Manno et al. 1992). Employees monitored at the end of 1 work day
following exposure to methylene chloride at 7-90 ppm (8-hour TWA) had average COHb concentrations
between 1.7 and 4.0% for nonsmokers, and between 4.95 and 6.35% for smokers (Soden et al. 1996).
Additional daily cumulative exposure to methylene chloride did not produce increased levels of COHbD.
In volunteers who were exposed to methylene chloride at 200 ppm for 4 hours, blood COHb levels rose to
approximately 5% (Putz et al. 1979); this was equivalent to the levels seen in volunteers after inhaling

70 ppm of carbon monoxide for 4 hours. In nonsmoking volunteers exposed to 50, 100, 150, or 200 ppm
of methylene chloride for 7.5 hours, blood COHb levels rose to 1.9, 3.4, 5.3, and 6.8%, respectively, and
blood COHb levels declined immediately following exposure (DiVincenzo and Kaplan 1981).

Other studies in humans reported increases in the red cell count, hemoglobin, and hematocrit in women
occupationally exposed to concentrations up to 475 ppm during an 8-hour workday, but no effects were
found in men. These effects were judged by the authors to be suggestive of compensatory hematopoiesis
(Ott et al. 1983d). It may be anticipated that stress polycythemia will occur in the majority of individuals,
especially cigarette smokers, who are chronically exposed to methylene chloride vapor concentrations in

the 500 ppm range.

In animals, no significant hematologic or clinical chemistry alterations were reported in dogs and

monkeys exposed continuously to up to 100 ppm methylene chloride for 100 days (Haun et al. 1972). In
the dogs, COHD increased from 0.5 to about 2% during exposure to 100 ppm methylene chloride, but no
significant increase was seen at 25 ppm. In the monkeys, COHD levels were approximately 0.5, 1.7, and

4.5% in controls, 25 ppm, and 100 ppm exposed groups, respectively. No treatment-related effects on
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common hematologic parameters (cell counts, hemoglobin concentration differentials, white cell counts,
etc.) were observed among rats chronically exposed to methylene chloride at concentrations up to

3,500 ppm (Burek et al. 1984; Nitschke et al. 1988a).

Musculoskeletal Effects. No musculoskeletal effects have been reported in either animals or humans

after inhalation exposure to methylene chloride.

Hepatic Effects. There is very little published information on the hepatic effects of methylene chloride
in humans. One autoworker, who was exposed to methylene chloride by inhalation and dermally for

1.5 years, was reported to have an enlarged liver in addition to adverse neurological and reproductive
effects (Kelly 1988). NIOSH found workplace levels of methylene chloride to average 68 ppm (range of
3.3-154.4 ppm), which may be an underestimate given evaporation of the volatile liquid from the
applicator pads and cotton gloves that were used; the worker was also exposed to low levels of styrene
(7.2 ppm, range of 1.5-10.4 ppm). Exposure to methylene chloride was verified by a blood COHb level
of 6.4% in a sample taken more than 24 hours after work. The relative contributions of the inhalation and
dermal exposures to the hepatic effect was not determined. There were no alterations in serum enzyme
activity (alkaline phosphatase, alanine aminotransferase [ALT], or lactic dehydrogenase) or in serum
bilirubin, calcium, and phosphorus in humans exposed to methylene chloride vapors (50-500 ppm) for

6 weeks (NIOSH 1974). In a clinical epidemiologic assessment of methylene chloride workers, an
exposure-related increase (not clinically significant) in serum bilirubin was observed in workers exposed
to methylene chloride (up to 475 ppm) and methanol, but there were no concentration-related changes in
serum enzyme levels that could indicate liver injury (Ott et al. 1983a). In Swedish graffiti removers
employed to clean underground stations using methylene chloride solvent, no exposure-related deviations
in serum concentrations of creatinine, aspartate transaminase (AST), ALT, or gamma-glutamyl
transpeptidase were observed (Anundi et al. 1993). Based on these data, the liver appears to be a less

sensitive target organ in humans than it is in rodents (see below).

In animals, the effects of methylene chloride have been studied more extensively. For the most part,
exposure to methylene chloride has resulted in fatty changes in the liver and elevated plasma enzymes.
These effects were reversible when exposure ceased. No histopathological changes were observed in
guinea pigs following acute exposure to 5,200 ppm; however, there was a 2.5-fold increase in hepatic
triglycerides (Morris et al. 1979). When male guinea pigs were exposed to 5,000 ppm of methylene

chloride for up to 6 months, 3/8 died and exhibited moderate centrilobular fatty degeneration of the liver
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(Heppel et al. 1944); no deaths, but similar liver histopathology was observed after exposure to

10,000 ppm for 8 weeks (guinea pigs) or 1 week (dogs). Fatty changes in the liver were noted in
monkeys, mice, and dogs continuously exposed to 5,000 ppm for 4 weeks (MacEwen et al. 1972). In
addition, mice exposed to 1,000 ppm exhibited iron pigmentation, nuclear degeneration, and pyknotic
cells (MacEwen et al. 1972). Hepatic microsomal enzymes were elevated at 500 ppm (p<0.01) following
10 days of exposure, but were not increased significantly over control levels in rats exposed to methylene
chloride at 250 ppm for 28 days (Norpoth et al. 1974). Continuous exposure of mice and rats for

100 days to 25 or 100 ppm caused fatty changes in the liver (Haun et al. 1972; Kjellstrand et al. 1986;
Weinstein and Diamond 1972). No effects were seen in mice continuously exposed at 25 ppm, but
cytoplasmic vacuolization was reported in rats at this exposure level (Haun et al. 1972). No adverse liver
effects were reported in dogs or monkeys exposed to up to 100 ppm methylene chloride in the Haun et al.
(1972) study. Using results from the Haun et al. (1972) study, an intermediate inhalation MRL of

0.3 ppm was derived based on the LOAEL of 25 ppm for liver effects in rats. In 13-week studies,
centrilobular hydropic degeneration was observed in female mice exposed to 4,200 ppm, and in both
sexes at 8,400 ppm (NTP 1986). Repeated exposure of rats to 200—500 ppm or greater for 2 years
resulted in increased incidences of hepatocellular vacuolization and multinucleate hepatocytes (Burek et
al. 1984; Nitschke et al. 1988a; NTP 1986), but not at 50 ppm (Nitschke et al. 1988a). In the 2-year NTP
(1986) study, other liver effects in rats included hemosiderosis, focal necrosis of hepatocytes, basophilic
change (females only), hepatocytomegaly, bile duct fibrosis in males, and granulomatous inflammation in
females. The NOAEL of 50 ppm identified in the Nitschke et al. (1988a) study was used as the basis for

derivation of a chronic inhalation MRL of 0.3 ppm.

Renal Effects. Daily exposures to concentrations up to 500 ppm methylene chloride for 6 weeks did
not alter blood urea nitrogen or urine urobilinogen levels in humans (NIOSH 1974). In Swedish graffiti
removers employed to clean underground stations using methylene chloride solvent, no exposure-related
deviations in urinary concentrations of microglobulins or N-acetyl-beta-glucosaminidase were observed

(Anundi et al. 1993).

Renal tubular vacuolization was observed in dogs following continuous inhalation exposure to 1,000 ppm
for 4 weeks and in rats following exposure at 5,000 ppm for 14 weeks (MacEwen et al. 1972).
Nonspecific renal tubular degenerative and regenerative changes were observed after continuous exposure
in rats at 25 and 100 ppm for 100 days (Haun et al. 1972). No significant gross or histopathologic

alterations in the kidneys were reported in dogs or monkeys exposed continuously to up to 100 ppm



METHYLENE CHLORIDE 34

2. HEALTH EFFECTS

methylene chloride for 100 days (Haun et al. 1972). Inhalation exposure to 2,000 ppm for 2 years
resulted in statistically significant increases in the incidences of kidney degeneration in female rats and of

kidney/tubule casts in mice of both sexes (NTP 1986).

Ocular Effects. One human study reported mild eye irritation in males exposed to 500 ppm methylene
chloride vapors after 1 hour (NIOSH 1974). This was most likely due to direct contact of methylene
chloride vapor with the eyes. Irritative symptoms of the eyes were more prevalent among 12 Swedish
male graffiti removers (employed to clean underground stations using a methylene chloride-based
solvent) compared to the general population (Anundi et al. 1993). The 8-hour TWA to which these

workers were exposed ranged from 5 to 340 ppm.

One study reported transient increases in the thickness of the cornea in rabbits that were acutely exposed
to vapors of methylene chloride at 490 ppm (Ballantyne et al. 1976). It is likely that the effects observed

were due to direct effect of vapors on the cornea (see Section 2.2.3.2).

2.2.1.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological effects in humans after inhalation exposure to

methylene chloride.

Some animal studies have reported alterations in secondary lymphoid organs following exposure to
methylene chloride. Splenic fibrosis was observed in a chronic rat study (Mennear et al. 1988) and
splenic atrophy in an intermediate dog study (MacEwen et al. 1972) at exposure concentrations of

1,000 ppm or greater. The significance of these effects on the spleen as an indicator of chemical insult to
the immune system is not clear since no information was obtained on alterations in germinal cell
proliferation, the lymphocyte subpopulation, or other immunological parameters. For these reasons, these
studies are not presented in Table 2-1. However, a recent study by the Halogenated Solvent Industry
Alliance, Inc. (2000) in which male and female rats were exposed whole body to 5,187 ppm methylene
chloride 6 hours/day, 5 days/week, for 28 days found no evidence of immunotoxicity as judged by gross
and microscopical examination of lymphoid tissues, hematology, or IgM antibody response to sheep red

blood cells (SRBC). This NOAEL is listed in Table 2-1 and plotted in Figure 2-1.
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2.2.1.4 Neurological Effects

A number of human studies reveal that the nervous system is perhaps the most important target of acute
methylene chloride toxicity. All 33 cases of acute inhalation exposure to methylene chloride that were
reported to occupational health authorities in the United Kingdom between 1961 and 1980 involved
depression of the central nervous system (Bakinson and Jones 1985). Unconsciousness occurred in 13 of
these cases and other common effects included headache and dizziness; a few instances of confusion,
intoxication, incoordination, and paresthesia were also reported. Acute inhalation exposure to methylene-
chloride-based paint strippers in rooms with inadequate ventilation led to unconsciousness in four cases
and to generalized seizures in one of these (Hall and Rumack 1990); 10/21 respondents to an occupational
health questionnaire reported experiencing dizziness and headache while working in these conditions, but
the symptoms abated when they moved to fresh air. In volunteers, a single 4-hour exposure to 200 ppm
methylene chloride significantly decreased visual and psychomotor performance and auditory function
(Putz et al. 1979). Auditory monitoring, eye-hand coordination, and high-difficulty peripheral brightness
test performances were not degraded until the final hour of exposure, by which time, the level of carbon
monoxide in exhaled breath had risen to 50 ppm and the level of COHD in blood had risen to 5%. A
single 3- to 4-hour exposure to methylene chloride at 300 ppm caused decreased visual and auditory
functions in volunteers, but the adverse effects were reversible once exposure ceased (Fodor and Winneke
1971; Winneke 1974). Winneke (1974) attributed these effects to methylene chloride rather than its
metabolite COHb, since exposure to carbon monoxide at concentrations up to 100 ppm did not cause
similar effects. At the lowest exposure level (300 ppm of methylene chloride), critical flicker fusion
frequency (visual) and auditory vigilance tasks were impaired. These higher-order functions involved
complex visual and central nervous system processes that are assumed to be influenced by the degree of
“cortical alertness” mediated by subcortical structures, especially the reticular formation (Fodor and
Winneke 1971). Similarly, psychomotor performance (reaction time, hand precision, steadiness) was
impaired, but this occurred at higher exposure levels (800 ppm for 4 hours) (Winneke 1974). Since these
parameters are sensitive indicators of overt central nervous system-related depression, drowsiness, or
narcosis, the Winneke (1974) study was selected as an appropriate basis for deriving an MRL for acute
inhalation effects of methylene chloride. Alterations in visual evoked response were observed in humans
exposed to methylene chloride at 515-986 ppm for 1-2 hours (Stewart et al. 1972). In another study,
there were no effects on spontaneous electroencephalogram, visual evoked response, or a battery of

cognitive effects in humans exposed to concentrations of methylene chloride up to 500 ppm (NIOSH
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1974). While some changes in tests related to mood have been reported in humans after acute combined
exposure to methylene chloride (28—173 ppm) and methanol (Cherry et al. 1983), no evidence of
neurological or behavioral impairment was observed at exposure levels of 75—100 ppm (Cherry et al.
1981). Dementia and gait impairment were reported in one case of a person exposed to methylene
chloride (500-1,000 ppm) for 3 years (Barrowcliff and Knell 1979). Based on a LOAEL of 300 ppm for
neurological effects (Winneke 1974), an acute inhalation MRL of 0.6 ppm was calculated as described in

Table 2-1 and Section 2.5.

No acute central nervous system effects were observed among 12 Swedish male graffiti removers
employed to clean underground stations using methylene-chloride-based solvent compared to the general
population (Anundi et al. 1993). The 8-hour TWA to which these workers were exposed ranged from

5 to 340 ppm. Two cases of men using a paint remover (>80% methylene chloride by weight) in small
confined spaces were studied by Snyder et al. (1992a, 1992b) in a hospital emergency room. One
reported symptom was severe headache, which disappeared within 24 hours after cessation of exposure.
The authors considered this symptom to be associated with methylene chloride neurotoxicity. No
neurologic effects, as measured by responses to questions relating to neurotoxicity (e.g., recurring severe
headaches, numbness/tingling in hands of feet, loss of memory, dizziness) were reported in a group of
150 employees in a fiber plant occupationally exposed to methylene chloride (mean 8-hour

TWA=475 ppm) for more than 10 years, when compared to a similar, nonexposed cohort (Soden 1993).
In a retrospective epidemiology study, there were no significant associations between potential solvent
exposure and self-reported neurological symptoms (based on a standard battery of medical surveillance
questions) among workers exposed to a variety of solvents, including methylene chloride, at a
pharmaceutical company (Bukowski et al. 1992). However, Bukowski et al. (1992) concluded that
questionnaires were not the most appropriate tool to investigate potential neurobehavioral changes caused
by low-level exposure to solvents, and recommended the use of neurological test batteries. This caveat

would also apply to the study of Soden (1993).

In a group of 34 autoworkers, which included a subgroup of 26 ‘bonders’, complaints of central nervous
system dysfunction were common following occupational exposure to methylene chloride for up to

3 years (Kelly 1988); the precise number of individuals with neurological complaints was not provided,
since the report focused on reproductive effects. The bonding job involved soaking pads from open
buckets of methylene chloride using ungloved hands, so exposures were both by inhalation and by the
dermal route; exposure to methylene chloride was confirmed by analysis of blood COHb levels. In

workplace air samples, NIOSH measured 3.3—154.4 ppm (average=68 ppm) of methylene chloride, but
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worker exposure is likely to have been sometimes higher from the evaporation of liquid spilled onto
clothing; bonders were also exposed to styrene at 1.5-10.4 ppm (average=7.2 ppm), which is less than the
threshold limit value (TLV) for that chemical (ACGIH 1999). The neurological complaints reported in
this group included dizziness, lightheadedness, memory loss, personality changes, and depression.

Affected individuals were recommended for further neurological testing, but no test results were reported.

The neurotoxicity of occupational exposure to methylene chloride was examined in a cohort study of
retired airline mechanics who had been chronically exposed to methylene chloride at concentrations
ranging from a mean 8-hour TWA of 105 to 336 ppm, with short-term high exposures ranging from

395 to 660 ppm (Lash et al. 1991). Five categories of variables were assessed: demographic and some
potential confounders, health symptoms, and physiological, psychophysical, and psychological variables.
There were three tests of physiological characteristics (each measuring olfactory, visual, and auditory
parameters) and four tests of psychophysical variables (finger tapping, simple reaction time, choice
reaction time, and complex choice reaction time). Six psychological variables were assessed, most by
more than one test: short-term visual memory, retention measure of visual memory, short-term verbal
memory, and retention measures of verbal memory, attention, and spatial ability. None of the measured
variables were statistically different between the exposed and control groups. However, trends in the
effect sizes appeared within clusters of some variables. In the group of psychological variables showing
effects on memory and attention, the exposed group scored higher than the unexposed group on the verbal
memory tasks but lower on the attention tasks. The major potential confounder was exposure
misclassification. Lack of precision, sampling biases, and random measurement errors might also have
affected the results. However, the authors concluded that overall no effects on the central nervous system
were attributable to chronic, low-level exposures to methylene chloride, a finding they reported as being

consistent with that of Cherry et al. (1981).

White et al. (1995) conducted a 2-year prospective study among workers in the screen printing industry to
investigate the association between exposure to mixed solvents with known neurotoxic properties and
neurobehavioral deficits. Thirty subjects participated in the study which involved medical, demographic,
occupational, and neurological screening, completion of a questionnaire on medical history, life style, and
occupational history, and neurobehavioral assessment using a standard battery of neuropsychological
tests. Subjects were evaluated and tested twice. Air monitoring studies identified workplaces within the

plant that were most exposed to the following chemicals: toluene, methyl ethyl ketone (MEK), mineral
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spirits, B-ether, methylene chloride, diacetone alcohol, acetic acid, and lead. A measure of total
hydrocarbon content (THC) was also assessed to account for unidentified solvents in the workplaces.
Generally, exposure to each of the major airborne chemical constituents was below the TLV. Among the
12 subjects classified as having high-acute exposure, performance, adjusted for age and education, was
poorer for tasks involving visual memory and manual dexterity. Whether or to what degree exposure to

methylene chloride contributed to these neurological effects cannot be determined.

Acute studies in animals are consistent with findings in humans that methylene chloride affects the central
nervous system. Narcotic effects of methylene chloride (incoordination, reduced activity, somnolence)
were observed in monkeys, rabbits, rats, and guinea pigs exposed to 10,000 ppm for up to 4 hours
(Heppel et al. 1944); reduced activity was measured in rats exposed to 5,000 ppm (Heppel and Neal
1944). Dogs exposed to 10,000 ppm for 4 hours, first became uncoordinated, then excited and
hyperactive to the extent of bruising themselves, but rapidly recovered afterwards (Heppel et al. 1944).
Somatosensory-evoked potentials were altered in rats after 1 hour of exposure to methylene chloride at
concentration levels of 5,000 ppm or greater (Rebert et al. 1989). Decreased levels of succinate
dehydrogenase were measured in the cerebellum of rats exposed to 500 ppm of methylene chloride for

2 weeks (Savolainen et al. 1981).

Changes in neurotransmitter amino acids and brain enzymes were observed in gerbils after continuous
exposure to 210 ppm for 3 months (Briving et al. 1986; Karlsson et al. 1987; Rosengren et al. 1986). The
DNA concentration decreased in the hippocampus and cerebellum in gerbils exposed to $210 ppm of
methylene chloride, indicating decreased cell density in these brain regions, probably due to cell loss
(Karlsson et al. 1987; Rosengren et al. 1986). Methylene chloride (4,500 ppm) did not affect wheel
running activity and avoidance learning in rats born to dams exposed prior to and/or during gestation
(Bornschein et al. 1980). No treatment-related alterations in sensory evoked potentials, reflexes, posture,

or locomotion were observed in rats exposed at 2,000 ppm (Mattsson et al. 1990).

The highest NOAEL values and all reliable LOAEL values for neurological effects for each species and
duration category are recorded in Table 2-1 and plotted in Figure 2-1.
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2.2.1.5 Reproductive Effects

Exposure to methylene chloride has been reported to result in adverse reproductive effects in humans and

animals.

One group of case studies reported reproductive effects in 8 out of 34 men who complained of central
nervous system dysfunction following occupational exposure to methylene chloride for 0.4-2.9 years
(Kelly 1988). The eight men (ages 20—47) were part of a subgroup of 26 ‘bonders’ who applied
methylene chloride to automobile parts during assembly; this involved soaking pads from open buckets of
methylene chloride using ungloved hands, so exposures were both by inhalation and by the dermal route.
In workplace air samples, NIOSH measured 3.3—154.4 ppm (average=68 ppm) of methylene chloride, but
worker exposure is likely to have been sometimes higher from the evaporation of liquid spilled onto
clothing; bonders were also exposed to styrene at 1.5-10.4 ppm (average=7.2 ppm), which is less than the
TLV for that chemical (ACGIH 1999). Exposure to methylene chloride within the group was suggested
by blood COHb levels of 1.2—-11% for six nonsmokers and 7.3 and 17.3% for two smokers. All eight men
had recent histories of infertility and complained of genital pain (testicular, epididymal, and/or prostatic);
the testes were atrophied in two workers (ages 27 and 47). Infectious disease was eliminated as a cause of
these reproductive effects. Four men who submitted to testing had reduced sperm counts and the
proportion of sperm with abnormal morphology ranged from 38 to 50%. Uncertainty regarding this study
involves the small number of subjects, the multiple exposure to other organic chemicals, the lack of blood
or urine samples quantifying exposure to methylene chloride, and the lack of a control group. No other
studies were located that reported similar male reproductive effects from exposure to methylene chloride.
Contrary to Kelly’s (1988) findings, Wells et al. (1989) found no evidence of oligospermia in four
workers who had been exposed to levels of methylene chloride that were twice as high as in the Kelly
study, while involved in furniture stripping for at least 3 months. It is not certain whether the longer
duration of exposure (minimum occupational exposure 1.4 years) or exposure to other chemicals in the

Kelly (1988) study contributed to the different outcomes in the two studies.

In a retrospective study of pregnancy outcomes among Finnish pharmaceutical workers during the late
1970s, female workers at eight factories had a higher rate of spontaneous abortions compared to the
general population (Taskinen et al. 1986). It is likely that the women were exposed to multiple solvents,

including methylene chloride, prior to conception, as well as during pregnancy. In the case-control study
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of 44 pharmaceutical workers who had spontaneous abortions, exposure to various solvents, including
methylene chloride, was associated with a slightly higher abortion rate (Taskinen et al. 1986). Exposure
to methylene chloride was associated with an odds ratio (OR) for spontaneous abortion of 2.3, but the
increase was of borderline significance (p=0.06; 95% confidence interval [CI]=1.0-5.7). In a logistic
regression model, the odds ratio of spontaneous abortion increased with increasing frequency of exposure
to methylene chloride, but the sample size was too small for statistical significance. In addition, smoking
and alcohol consumption were not considered. The authors mentioned that improved industrial hygiene
procedures that eliminated solvent vapors in the workplace may have contributed to an overall decline in

rates of spontaneous abortion among pharmaceutical workers during the period in question.

No adverse effects on reproduction were observed in rats exposed to concentrations up to 1,500 ppm of
methylene chloride for two generations (Nitschke et al. 1988b). In dominant lethal tests involving male
mice exposed to #200 ppm methylene chloride for up to 6 weeks, no microscopic lesions were found in
the testes (Raje et al. 1988). Uterine, ovarian, and testicular atrophy was observed in rats and mice
exposed to vapors of methylene chloride (4,000 ppm) for 2 years (NTP 1986), but the authors considered
this effect to be secondary to malignant hepatic and alveolar neoplasms, as described in Section 2.2.1.8
Cancer. Existing data suggest reproductive toxicity may occur following chronic exposure to relatively

high concentrations of methylene chloride.

The highest NOAEL values and all reliable LOAEL values for each study for reproductive effects are
recorded in Table 2-1 and plotted in Figure 2-1.

2.2.1.6 Developmental Effects

The only information reported on potential developmental effects of methylene chloride in humans was
part of retrospective study of pregnancy outcomes among Finnish pharmaceutical workers (Taskinen et al.
1986). In the case-control study of these workers, exposure to methylene chloride (probably both before
and during pregnancy) was associated through an odds-ratio prediction with a higher risk of spontaneous

abortion (Taskinen et al. 1986). (See Section 2.2.1.5 Reproductive Effects for additional details).

In a study examining the relationship between birth weights and environmental exposures to methylene

chloride from Kodak manufacturing processes in Monroe Country, New York, no significant adverse
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effects on birth weight were found among 91,302 single births from 1976 through 1987 (Bell et al. 1991).
The highest predicted environmental concentration of methylene chloride was 0.01 ppm, which is
substantially lower than levels found in occupational settings, but significantly higher than the average

ambient background level of 50 parts per trillion.

A study in rats demonstrated that methylene chloride crosses the placental barrier (see Section 2.3.2.1;
Anders and Sunram 1982). No treatment-related visceral abnormalities were reported in fetuses of mice
and rats exposed to 1,250 ppm of methylene chloride during gestation, but an increase in the incidence of
minor skeletal variants (e.g., delayed ossification of sternebra or extra sternebrae) was observed in both
species; rats also exhibit an increased incidence of dilated renal pelvis. A maternal effect of increased
liver weight was observed (Schwetz et al. 1975). When rats were exposed to 4,500 ppm, maternal liver
weights increased and fetal body weights decreased, but teratogenic effects were not observed and
viability and growth were not affected (Bornschein et al. 1980; Hardin and Manson 1980). Wheel
running activity and avoidance learning were not affected in rats born to dams exposed prior to and/or
during gestation to methylene chloride at 4,500 ppm (Bornschein et al. 1980). Longer-term exposure (for
two generations) to concentrations of 1,500 ppm of methylene chloride did not affect neonatal survival or
neonatal growth in rats (Nitschke et al. 1988b). Although fetal body weights were decreased, the absence
of other fetotoxic effects, major skeletal variants, or significant embryolethality suggests that

developmental toxicity is not a major area of concern following exposure to methylene chloride.

The highest NOAEL values and all reliable LOAEL values for developmental effects for each species and
duration category are recorded in Table 2-1 and plotted in Figure 2-1.

2.2.1.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after inhalation exposure to methylene

chloride.

Results of in vivo assays following inhalation exposure in animals were mixed. Inhalation exposure of
mice to methylene chloride for 10 days at concentrations of 4,000 ppm or higher resulted in significant
increases in frequencies of sister chromatid exchanges in lung cells and peripheral blood lymphocytes,
chromosomal aberrations in lung and bone marrow cells, and micronuclei in peripheral blood erythrocytes

(Allen et al. 1990). However, no evidence of chromosomal abnormalities was seen in bone marrow cells
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of rats exposed by inhalation to concentrations up to 3,500 ppm for 6 months (Burek et al. 1984). The
difference in responses observed may be due, in part, to species differences or test methodology. The

relevance of these two studies to clastogenic mechanisms in humans is not certain.

More recent in vivo genotoxicity studies have attempted to elucidate the mechanism(s) of genotoxic
action of methylene chloride. Casanova et al. (1992) pre-exposed male B6C3F, mice and Syrian Golden
hamsters for 2 days (6 hours/day) to 4,000 ppm of methylene chloride. On the third day, animals were
exposed for 6 hours to a decaying concentration of ['*C] methylene chloride and then examined for the
presence of DNA-protein crosslinks. DNA-protein crosslinks were detected in mouse liver, but not in
mouse lung, hamster liver, or hamster lung. Similar results were observed in a second experiment
(Casanova et al. 1996). B6C3F, mice, exposed to methylene chloride for 6 hours/day for 3 days at
concentrations ranging from approximately 500 to 4,000 ppm formed DNA-protein crosslinks in the liver.
The formation of DNA-protein crosslinks was a nonlinear function of airborne concentrations of
methylene chloride. In addition, mice exposed for 6 hours/day for 3 days to concentrations ranging from
approximately 1,500 to 4,000 ppm showed an increased rate of DNA synthesis in the lung, indicating cell
proliferation, but increased cell turnover was not detected in mouse lung at exposure concentrations of
150 or 500 ppm. Hamsters showed no evidence of cell proliferation in the lung at any concentration, nor

did cell proliferation occur in the livers of either species.

Devereux et al. (1993) analyzed liver and lung tumors induced in female B6C3F, female mice by
inhalation of 2,000 ppm of methylene chloride for 6 hours/day, 5 days/week exposure for up to

104 weeks for the presence of activated ras proto-oncogenes. In methylene chloride-induced liver
tumors, mutations, mainly transversions or transitions in base 1 or base 2, were detected, and were similar
to those observed for the H-ras gene in spontaneous liver tumors. Mutations were also identified in the
lung. The K-ras activation profiles in the methylene chloride-induced tumors were not significantly
different from those in spontaneously occurring tumors. No other transforming genes were found in the
nude mouse tumorigenicity assay. The authors were unable to identify any transforming genes other than
ras genes in either mouse liver or lung tumors. Based on liver tumor data, they suggested that methylene

chloride may affect the liver by promoting cells with spontaneous lesions.

Hegi et al. (1994) generated allelotypes of 38 methylene chloride-induced lung carcinomas from female
B6C3F, mice exposed 6 hours/day, 5 days/week for 2 years to 2,000 ppm. The allelotypes were

examined for various genotoxic endpoints, and the results compared to genotoxicity findings in two other
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reciprocal-cross mouse strains. Throughout the genome, allelic losses occurred infrequently, except for
markers on chromosome 4, which were lost in approximately half of the carcinomas. In lung adenomas,
chromosome 4 losses were associated with malignant conversion. Methylene chloride-induced liver
tumors did not demonstrate chromosome 4 loss, which indicated that this finding was specific for lung
carcinomas. Preferential loss of the maternal chromosome 4 was also observed in carcinomas in B6C3F,
mice. On chromosome 6, an association between K-ras gene activation and allelic imbalances was also
found in B6C3F, mouse lung tumors. When allelotypes of tumors in mice from two reciprocal cross
strains, AC3F, and C3AF,, were examined and compared with the findings in B6C3F, mice, one allele of
the putative chromosome 4 tumor suppressor gene was shown to be inactivated. Whereas the results in
B6C3F, mice suggested that nondisjunction events were responsible for the chromosome 4 losses, tumors
from both reciprocal-cross mouse strains appeared to show small interstitial deletions in a chromosomal
region that is homologous with a region in human chromosomes which is often lost in a variety of tumors,
including lung cancers. In human chromosomes, a candidate tumor suppressor gene, MTS]1, is located in

this region.

In another genotoxic analysis with the same cohort (Hegi et al. 1994), loss of heterozygosity at markers
near the p53 gene on chromosome 11 and within the retinoblastoma tumor suppressor gene were

examined in methylene chloride-induced liver and lung tumors and compared to spontaneous tumors in
control mice. The authors concluded that inactivations of p53 and the retinoblastoma tumor suppressor

gene were infrequent events in lung and liver tumorogenesis in mice exposed to methylene chloride.

Replicative DNA synthesis was examined by Kanno et al. (1993) to evaluate the potential role of
treatment-induced lung cell proliferation on pulmonary carcinogenicity in female B6C3F, mice exposed
to 2,000 or 8,000 ppm of methylene chloride for 6 hours/day, 5 days/week for 2 years. By the end of the
study, there was a statistically significant increase in lung tumors in exposed animals when compared to
controls. Cell proliferation was assessed in the lung after 1, 2, 3, or 4 weeks of inhalation exposure to
2,000 or 8,000 ppm, and after 13- and 26-week exposures to 2,000 ppm, as measured by changes in
labeling indices (LI). The LI of both bronchiolar epithelium and terminal bronchioles were substantially
decreased in mice exposed to 2,000 ppm of methylene chloride for 2-26 weeks. Similar findings, but not
as severe, were observed in mice exposed to 8,000 ppm. The decreases in LI were not accompanied by
cytotoxicity. The authors concluded that high-concentration exposure to methylene chloride for up to

26 weeks reduces cell proliferation in lung epithelial cells in female B6C3F, mice.
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Maronpot et al. (1995b) assessed replicative DNA synthesis after 13, 26, 52, and 78 weeks of inhalation
exposure of female B6C3F, mice to 2,000 ppm of methylene chloride for 6 hours/day, 5 days/week. A
statistically significant decrease in the hepatocyte LI was only observed at 13 weeks. In lung epithelial
cells, the results were similar to those observed by Kanno et al. (1993). No increases in replicative DNA
synthesis were found in liver foci cells or lung parenchymal cells. K-ras gene activation in liver tumors
and H-ras gene activation in lung tumors did not differ among methylene chloride-induced tumors and
those observed in control animals. The authors concluded that these oncogenes were not involved in

mouse tumorigenesis.

Other genotoxicity studies are discussed in Section 2.5.

2.2.1.8 Cancer

No excess risk of death from malignant neoplasms has been detected in workers exposed to methylene
chloride at levels up to 475 ppm (Friedlander et al. 1978; Hearne et al. 1987, 1990; Lanes et al. 1993; Ott
et al. 1983a). Lanes et al. (1990) reported excess mortality associated with cancer of the buccal cavity
and pharynx (combined), and liver and biliary passages (combined) in workers occupationally exposed to
methylene chloride (#1,700 ppm) in the cellulose fiber production industry for more than 20 years.
Although the actual number of cases was small, the excess mortality for the combined liver/biliary cancer
cases was statistically significant (standard mortality rate [SMR]=5.75; 95% CI=1.82—-13.78); since three
of the four deaths were biliary cancer, the SMR was 20 (95% CI=5.2-56.0) for that site alone (Lanes et al.
1990). In a follow-up study of the same cohort (Lanes et al. 1993), no new cancer cases were found, but
there was still an excess mortality for the cohort (SMR=2.98; 95% CI=0.81-7.63). Lanes et al. (1993)
concluded that the excess death in this cohort from liver/biliary cancer was “statistically unstable”, but

warranted further monitoring.

Tomenson et al. (1997) studied mortality due to cancer in a group of workers occupationally exposed to
methylene chloride vapors at a mean exposure concentration of 19 ppm (8-hour TWA); the average
length of employment was 9 years. Compared to national and local rates, the occupationally-exposed
group had lower rates for all cancers, including those of the liver, lung, pancreas, and biliary tract. The
authors suggested that the significant reduction in mortality due to lung cancer was likely associated with

restrictions on smoking in the workplace.
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Gibbs et al. (1996) examined causes of mortality in an occupationally exposed group of workers similar
to that studied by Lanes et al. (1990, 1993). Exposure was classified categorically, with the airborne
concentrations in the high-exposure group ranging from 350 to 700 ppm, and in the low exposure group
from 50 to 100 ppm. Because there were no jobs in this cohort that did not involve methylene chloride
exposure, a “0” exposure category was created as an internal control. There was no increase in mortality
from cancers of the lung, liver, pancreas, or biliary tract. An unexpected finding was a concentration-
related increase in mortality from prostate cancer among men with 20 or more years of employment.
Another unexpected finding was an increase in mortality from cervical cancer among women with 20 or
more years of employment, although the increase in women was not concentration-related. These results
are not consistent with those from other studies. It should be noted that the confidence intervals were
very large and no potentially confounding variables were measured. The authors concluded that the

results were difficult to interpret biologically and required further investigation.

In a case control study, Heineman et al. (1994) evaluated exposures of men in the petroleum refining and
chemical manufacturing industries to chlorinated aliphatic hydrocarbons (CAHs), including methylene
chloride, as potential risk factors for astrocytic brain tumors. Job-exposure matrices for six individual
CAHs, including methylene chloride, and for total organic solvents, were developed by estimating the
probability of exposure and the frequency and magnitude of exposure to CAH solvents by industry and
by job classification, based on likely solvent usage over 6 decades (1920-1980). An increase in the
incidence of mortality due to astrocytic brain cancer was observed for exposure to four CAHs (carbon
tetrachloride, methylene chloride, tetrachloroethylene, and trichloroethylene); the strongest association
was with methylene chloride. In occupations judged to be associated with methylene chloride exposure,
risk of astrocytic brain cancer increased with increasing exposure, as measured by the job exposure matrix
in conjunction with duration of employment. The authors stated that these trends could not be explained

by exposures to the other solvents.

As first evidence of such an association, these results should be interpreted very cautiously. The principal
limitation of the study was the lack of direct information on exposure to solvents; no quantitative
measurements were made, nor were specific-use records available. Instead, qualitative estimates of
exposure were made by industrial hygienists based on work histories provided by next-of-kin; there were
no workplace records. A lack of quantitative information on the use of specific solvents in various
occupations, the ability of solvents to be used interchangeably for many industrial applications, and the

use of multiple, or mixtures of, solvents also contributed to a high potential for exposure
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misclassification. The authors stated that “few individual risks were statistically significant and most
confidence intervals were broad”; interpretation of the results was based on “patterns of trends”
(Heineman et al. 1994). The authors added that “...the trends and consistency of the methylene chloride

and brain cancer association suggest that chance seems unlikely to entirely explain the results.”

In another case-control study, Cocco et al. (1999) examined the occupational risk of central nervous
system cancer among women, using a study design similar to that described for Heineman et al. (1994).
From death certificates in a U.S. 24-state database for the period 1984—1992, the authors identified 12,980
cases of cancers of the brain and other parts of the central nervous system. For each case, four controls
were selected among women who died from nonmalignant diseases (excluding neurological disorders),
frequency-matched by state, race, and 5-year age-group. Job exposure matrices were developed for 11
occupational hazards, including methylene chloride. An estimate of intensity of exposure was developed
for each occupation and industry listed in the U.S. Census code. A final intensity level score and a
probability of exposure score were then developed for each occupation/industry combination appearing in
death certificates of the study subjects. The ORs were calculated with logistic regression for each
workplace exposure, adjusting for marital status, socioeconomic status, and age at death. The authors
found that potential exposure to methylene chloride was associated with a modest, but statistically
significant, 20-30% increase in risk of mortality from central nervous system cancer (OR=1.2; 95%
CI=1.1-1.2). However, the authors characterized the association as “equivocal”, since risk did not show
a clear increase by probability or intensity of exposure. Admitted weaknesses of the study include poor
occupational information in the death certificates, possible diagnostic bias among lower socioeconomic
status cases, and the absence of more detailed information to supplement that provided in the death

certificates.

Cantor et al. (1995) conducted a case control study with 33,509 cases and 117,794 controls, matched for
age, gender, and race, to investigate the association between occupational exposure to workplace
chemicals and the incidence of breast cancer in women. Exposure was indirectly estimated using a job
exposure matrix that ranked the probability and level of 31 workplace exposures, among them methylene
chloride. All workplace chemical exposures were evaluated separately. After adjusting for
socioeconomic status imputed from occupation, the OR in the highest exposure category of methylene
chloride (probability and level of exposure combined) was slightly greater than 1.0, and statistically
significant (OR=1.46, CI=1.2—-1.7). The authors caution that this analysis is crude and should be

considered a first-level “hypothesis-generating” evaluation rather than one which is “hypothesis testing.”
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They also noted that the study had numerous methodologic limitations, including the use of death
certificates as the primary source of individual information and the use of a job-exposure matrix rather
than quantitative workplace measurements to estimate exposure. Additionally, no adjustments were made
for other risk factors such as smoking, obesity, family history, duration of employment, or other

confounding variables.

In rats exposed to low levels of methylene chloride (100 ppm) for 2 years, there was a nonsignificant
increase in the total incidence of malignant tumors (Maltoni et al. 1988). In mice and rats, inhalation of
very high levels of methylene chloride significantly increased the incidence of liver and lung cancer
(Mennear et al. 1988; NTP 1986) and benign mammary gland tumors (fibroadenomas or adenomas)

(Mennear et al. 1988; Nitschke et al. 1988a; NTP 1986).

In the NTP (1986) study, groups of 50 animals of each sex were exposed to methylene chloride by
inhalation 6 hours/day, 5 days/week for 102 weeks. F344/N rats were exposed to 0, 1,000, 2,000, or
4,000 ppm of methylene chloride and B6C3F, mice were exposed to 0, 2,000, or 4,000 ppm. At or above
2,000 ppm, the incidence of liver tumors (mostly hepatocellular adenomas or carcinomas) in mice was
significantly higher than in chamber and historical control groups (NTP 1986); at 4,000 ppm, the
incidence of liver tumors was highly significant (p#0.001). The incidence of combined benign and
malignant liver tumors was high (67-83%) in the treated animals. There was also a statistically
significant increase in the incidence of lung tumors in mice (p<0.001) exposed at 2,000 ppm or above;
these tumors were primarily alveolar/bronchiolar adenomas or carcinomas. The incidence of combined
benign and malignant lung tumors was 54—85% in the treated animals. The NTP (1986) report concluded
that there was “some evidence of carcinogenicity” in male rats and “clear evidence of carcinogenicity” in
female rats, based on the increased incidence of benign mammary neoplasms following 2 years of
inhalation exposure to methylene chloride. The report concluded that there was “clear evidence for
carcinogenicity” for methylene chloride chronic inhalation exposure, based on the increased incidence of

alveolar/bronchiolar neoplasms and of hepatocellular neoplasms.

In two related studies, Kari et al. (1993) and Maronpot et al. (1995b) examined the progressive
development of lung and liver tumors in B6C3F, mice exposed via chamber inhalation to 2,000 ppm
methylene chloride for 6 hours/day, 5 days/week, for 104 weeks. In addition, a series of stop exposure
experiments were performed to evaluate the effects of differing exposure durations on tumor

development. Kari et al. (1993) examined histology and histopathology of lung and liver tumors, whereas
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Maronpot et al. (1995b) evaluated DNA synthesis and oncogene expression during tumor development.
(mechanistic aspects of Maronpot et al. (1995b) are discussed in Sections 2.2.1.7 and 2.4.2). Chronic
high-concentration exposure to methylene chloride resulted in: (1) an 8-fold increase in the incidence of
animals having lung adenomas or carcinomas as compared to controls; (2) a 13-fold increase in the total
number of lung tumors in each animal at risk; (3) a 2.5-fold increase in the incidence of mice having liver
adenomas or carcinomas compared to controls; and (4) a 3-fold increase in the number of liver tumors in
each animal at risk. The development of the first lung tumors in methylene chloride exposed mice
occurred 1 year earlier than in control animals. In contrast, there was no difference in the latency to first
liver tumor period between exposed and control animals. The incidences of tumors in lungs, but not liver,
continued to increase after cessation of exposure. Maronpot et al. (1995b) found that 26 weeks of
exposure was sufficient to significantly and irreversibly increase the incidence of lung tumors at 2 years,
whereas the incidence of hepatic tumors increased with 78 weeks of exposure, but not with 25 or

52 weeks of exposure. Furthermore, vulnerability to methylene chloride may have been age-related, since
no lung tumor increase was observed in mice that were kept under control conditions for 52 weeks prior
to methylene chloride exposure for 52 weeks. Based on these results, Kari et al. (1993) and Maronpot et
al. (1995b) concluded that methylene chloride is a more potent lung than liver carcinogen in female
B6C3F, mice; the differing incidence of lung and liver tumors under various exposure regimes suggests

that the mechanisms of tumorigenesis in these target organs may be different.

The EPA (1985b) reviewed the NTP data on the carcinogenic effects of methylene chloride and
calculated a human potency estimate. The potency factor (q,*) which represents a 95% upper confidence
limit of the extra lifetime human risk, is 1.4x10” (mg/kg/day)”. The unit risk estimate (the excess cancer
risk associated with lifetime exposure to 1 pg/m?) for inhalation exposures is 4.1x10°. The EPA (1987a,
1987b) lowered this risk estimate to 4.7x10” pg/m’® on the basis of pharmacokinetics data reported by
Andersen et al. (1987). Based on this value, cancer risk levels of 10, 10, 10, and 10”7 correspond to
70 years of continuous exposure to 0.06, 0.006, 0.0006, and 0.00006 ppm, respectively. The predicted
cancer risks are considered conservative upper estimates. The actual risk of cancer is unlikely to be
higher and may be substantially lower. These values are recorded in Figure 2-1. EPA is planning to re-
evaluate potential human risks associated with inhalation exposure to methylene chloride based on new
mechanistic data and more recent pharmacokinetic modeling using tissue dosimetry (see Sections 2.3.5

and 2.4).
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2.2.2 Oral Exposure

2.2.2.1 Death

Hughes and Tracey (1993) reported a case in which a woman ingested 300 mL of Nitromors, a paint
remover solvent containing 75-80% methylene chloride, and died 25 days later. Ingestion of this paint
remover is known to cause severe corrosion of the gastrointestinal tract, and the autopsy revealed that
death was due to the corrosive effects of the paint remover rather than to the metabolic consequences of

methylene chloride ingestion.

Acute oral LDy, values of 2,100 (Kimura et al. 1971) and 2,300 mg/kg (Marzotko and Pankow 1987)
were reported for methylene chloride in rats. Ninety-five percent lethality was reported in rats dosed with
4,382 mg/kg of methylene chloride (Ugazio et al. 1973). The cause of death appeared to be respiratory
failure as a result of depression of the central nervous system. Statistically significant increases in
mortality occurred among male rats gavaged with 320 mg/kg/day of methylene chloride and among male

and female mice receiving $64 mg/kg/day for more than 36 weeks (Maltoni et al. 1988).

LD, values and LOAEL values for lethality in each species and duration category are recorded in

Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systemic Effects

No studies were located regarding respiratory, cardiovascular, musculoskeletal, or dermal effects in
humans or animals following oral exposure to methylene chloride. Gastrointestinal, hematological,
hepatic, renal, endocrine, and metabolic effects after oral exposure to methylene chloride are discussed

below.

The highest NOAEL values and all reliable LOAEL values for systemic effects in each species and
duration category are recorded in Table 2-2 and plotted in Figure 2-2.

Gastrointestinal Effects. A fatal single oral dose of Nitromors, a paint solvent containing 75-80%
methylene chloride resulted in severe corrosion of the gastrointestinal tract, perforation, peritonitis,

septicemia, and death (Hughes and Tracey 1993). A man who ingested 1-2 pints of Nitromors in a



TABLE 2-2. Levels of Significant Exposure to Methylene Chloride - Oral

Exposure/ LOAEL
K a Duration/ :
eyto Species  Frequency NOAEL Less Serious Serious
figure  (Strain) (specific Route) ~ SYSteM  (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference
ACUTE EXPOSURE
Death
1 Rat once 2100  (1p,) Kimura et al. 1971
(GwW)
2 Rat once 2300 M (LD,,) Marzotko and
(albino) G) Pankow 1987
3 Rat once 4382 M (95% mortality) Ugazio et al. 1973
(Wistar) (GO)
Systemic
4 Rat once Hemato 798 M 1325 M (hemolysis) Marzotko and
(aIbino) (G) Pankow 1987
Renal 798 M 1325 M (inhibited diuresis)
Endocr 399 M 526 M (increased catecholamine
secretion)
5 Rat once Hepatic 1095 M (liver necrosis) Ugazio et al. 1973
(Wistar) (GO)
Neurological
6 Human Ahr 16°  (decreased critical Reitz et al. 1997
flicker frequency and
W) ) i
auditory vigilance
function)
INTERMEDIATE EXPOSURE
Systemic
7 Rat 90d Hepatic 166 M (hepatocellular 1200 M (centrilobular necrosis) Kirschman et al.
(Fischer- 344) (w) vacuolization; increased 1986
serum ALT)
Renal 607 F 1469 F (increased kidney

weight)
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(continued)

TABLE 2-2. Levels of Significant Exposure to Methylene Chloride - Oral

Exposure/

g LOAEL
Key o Species |P "rat;?,';g,
) - requ NOAEL Less Serious Serlous
figure (Strain) (specific Route)  System (mg/kg/day) (mg/kg/day) (mag/kg/day) Reference
8 Mouse 90d Hepatic 226 M 587 M (centrilobular fatty Kirschman et al.
(B6C3F1) (W) changes) 1986
CHRONIC EXPOSURE
Death
9 Rat 64 wk 320 M (increased mortality after 36 Maltoni et al. 1988
(Sprague- 4-5 d/wk weeks)
Dawley) 1x/d
(GO)
10 Mouse 64 wk 64 (increased mortality after 36 Maltoni et al. 1988
(Swiss- 4-5 d/iwk weeks)
Webster) 1x/d
- (GO)
~ Systemic
11 Rat 78-104 wk  Hemato 6 Serota et al.
(Fischer- 344) (W) 1'986a.
Hepatic 6° 85 (increased foci of
cellular alteration and
fatty changes)
Ocular 249
Bd Wt 55 131  (unquantified reduction
in body weight gain)
Other 55 131  (decreased food and
water consumption)
12 Mouse 104 wk Hemato 236 Serota et al.
(B6C3F1) w) 1986b
Hepatic 175 236 (histochemical evidence
of increased liver fat)
Bd Wt 236
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TABLE 2-2. Levels of Significant Exposure to Methylene Chloride - Oral

Exposure/ LOAEL
a . Duration/
K?V to Species  Frequency NOAEL Less Serious Serious
figure (Strain) (specific Route) ~ System (mg/kg) (mg/kg) (mg/kg) Reference
13 Mouse 64 wk 320 M CEL (pulmonary tumors) Maltoni et al. 1988
(Swiss- 4-5 diwk
Webster) ix/d
(GO)

*The number corresponds to entries in Figure 2-2.

*LOAEL based on PBPK modeling of inhalation-to-oral route. Used to derive an acute oral minimal risk level (MRL) of 0.2 mg/kg/day; equivalent oral dose divided by an uncertainty
factor of 100 (10 for the use of a LOAEL and 10 for human variability).

“Used to derive a chronic oral MRL of 0.06 mg/kg/day; dose divided by an uncertainty factor of 100 (10 for extrapolation from animals to humans and 10 for human variability).

d = day(s); (GO) = gavage - oil; (BW) = gavage - water; Hemato = hematological; LD50 = lethal dose, 50% kill; LOAEL = lowest-observed-adverse-effect level;
NOAEL = no-observed-adverse-effect level; (W) = water; wk = week(s); x = time(s)

S103443 H1vaH ¢

IAIMOTHO ANTTAHLINW

4]



Figure 2-2. Levels of Significant Exposure to Methylene Chlioride - Oral
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Figure 2-2. Levels of Significant Exposure to Methylene Chloride - Oral (Continued)
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Figure 2-2. Levels of Significant Exposure to Methylene Chioride - Oral (continued)

3AIHOTHO INTTAHLIN

S103443 HIAVaH ¢

Chronic (=365 days)
___Systemic
Py
x0O \& o < 0\&& C
PN N T
mg/kg/day % o i o° <° Sk Vg
1000 —
®9 *13
" Ot2m ®12m Ot1r O12m "
12m @11 1r
100 —
®10m ®11r O1r Omr
10—
O1r O1r
1 |
01 — i 1074
~ Estimated
Upper-Bound
Human Cancer
001 — 10 Risk Levels
0001 — 1078+
*Doses represent the lowest dose tested per study that produced a tumorigenic
response and do not imply the existence of a threshold for the cancer end point.
0.0001 — 107
c-Cat -Humans  f-Ferret n-Mink @ Cancer Effect Level-Animals ¥ Cancer Effect Level-Humans W[ D50/L.C50
d-Dog k-Monkey j-Pigeon 0-Other @®| OAEL, More Serious-Animals A OAEL, More Serious-Humans . Minimal Risk Level
r-Rat m-Mouse  ‘e-Gerbil D LOAEL, Less Serious-Animals ALOAEL, Less Serious-Humans ; for effects
p-Pig  h-Rabbit s-Hamster_ ONOAEL - Animals ANOAEL - Humans . other than
g-Cow a-Sheep g-Guinea Pig Cancer

°[*]




METHYLENE CHLORIDE 56

2. HEALTH EFFECTS

suicide attempt, and started treatment with diuresis and hydrocortisone 1.5 hours later, had episodic
gastrointestinal hemorrhage and duodenojejunal ulceration that developed into diverticula 6 months later
(Roberts and Marshall 1976). No studies were located regarding gastrointestinal effects in animals after

oral exposure to methylene chloride.

Hematological Effects. COHb levels were elevated to 9% in a woman following lethal ingestion of
300 mL of Nitromors, a paint remover solvent containing 75—80% methylene chloride (Hughes and
Tracey 1993). The authors reported that this case study was the first to reveal that ingestion of methylene
chloride results in the formation of COHb, as occurs with methylene chloride inhalation. A man who
ingested 1-2 pints of Nitromors in a suicide attempt exhibited gross hemoglobinuria, a symptom of

intravascular hemolysis (Roberts and Marshall 1976).

In an acute rat study, hemolysis developed within 2 days following a single gavage dose of 1,325 mg/kg
of methylene chloride (Marzotko and Pankow 1987); no such effect was seen at 798 mg/kg. In rats that
were given $420 mg/kg/day of methylene chloride in the drinking water for 3 months, mean hemoglobin
concentrations were elevated in males, and erythrocyte counts were elevated, although mean corpuscular
hemoglobin was reduced, in females (Kirschman et al. 1986); because no quantitative data were
presented, this information is not presented in Table 2-2. In rats of both sexes that were given

55-249 mg/kg/day of methylene chloride in drinking water for 2 years, red blood cell counts and
hematocrit and hemoglobin levels were increased over concurrent control levels (Serota et al. 1986a);
however, Serota et al. (1986a) indicate that half of these increases were statistically significant without
specifying which ones. A dose level of 6 mg/kg/day was a NOAEL. In mice exposed similarly to
60-236 mg/kg/day no significant hematological effects were observed after 104 weeks of treatment

(Serota et al. 1986b).

Hepatic Effects. No studies were located regarding hepatic effects in humans after oral exposure to

methylene chloride.

In rats given two doses (39—1,275 mg/kg each) of methylene chloride by gavage, there were no
significant effects (within 24 hours) in the liver on levels of glutathione, cytochrome P-450, or serum
ALT (Kitchin and Brown 1989). However, at the highest dose level, the activity of ornithine
decarboxylase, an enzyme involved in cell growth, was significantly increased, and DNA damage was

detected in the livers of rats. In another rat study, acute exposure to doses of 1,095 mg/kg/day of
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methylene chloride by gavage resulted in liver necrosis (Ugazio et al. 1973). After ingestion of
methylene chloride in drinking water at or above doses of 1,200 mg/kg/day for 3 months, hepatic effects
in rats included centrilobular necrosis, granulomatous foci, accumulation of ceroid or lipofuscin, and
dose-related hepatocytic vacuolation (Kirschman et al. 1986). Liver damage was indicated by increases
in serum ALT in males ($166 mg/kg/day) and females (1,469 mg/kg/day), and by an increase in serum
AST in the latter group. In a parallel 3-month study in mice, there were dose-related hepatic centrilobular
fatty changes over the dose range between 226 and 2,030 mg/kg/day (Kirschman et al. 1986). Chronic
ingestion of methylene chloride in drinking water has been associated with histological alterations of the
liver (cellular foci and areas of cellular alterations) of rats exposed to dose levels of 55 mg/kg/day or
greater (Serota et al. 1986a) and fatty changes in mice exposed to levels of 236 mg/kg/day (Serota et al.
1986b); the NOAELSs were 6 and 175 mg/kg/day in rats and mice, respectively. F344 rats and B6C3F,
mice were exposed for 104 weeks to methylene chloride in deionized drinking water at target doses of 0,
5, 50, 125, or 250 mg/kg/day (for rats) and 0, 60, 125, 185, or 250 mg/kg/day (for mice) (Serota et al.
1986a, 1986b). Based on the calculated intake of 6 mg/kg/day for rats (Serota et al. 1986a), a chronic oral
MRL of 0.06 mg/kg/day was calculated as described in the footnote of Table 2-2.

Renal Effects. Hemoglobinuria as a result of hemolysis was noted in the case of a suicide attempt by
ingestion of the paint remover Nitromors (Roberts and Marshall 1976); the authors indicated that the renal
damage that could have been a consequence of hemolysis was averted by treatment with diuresis and
hydrocortisone. In an acute animal study, administration of a single oral dose of 1,325 mg/kg of
methylene chloride inhibited diuresis in rats (Marzotko and Pankow 1987). In a 3-month study, the pH of
the urine was lowered in all rats that ingested methylene chloride at levels $166 mg/kg/day, and increased
kidney weights were observed in female rats receiving 1,469 mg/kg/day of methylene chloride, but not

607 mg/kg/day (Kirschman et al. 1986).

Endocrine Effects. No studies were located regarding endocrine effects in humans following oral
exposure to methylene chloride. In the only animal study that mentions endocrine effects, administration
of a single oral dose of methylene chloride ($526 mg/kg) to male rats resulted in angiectasis (dilatation of
capillaries) of the adrenal medulla and statistically significant increases in secretion of catecholamines
(epinephrine and norepinephrine) (Marzotko and Pankow 1987). The authors suggested that these

findings appeared to be stress-related.
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Ocular Effects. No studies were located regarding ocular effects in humans after oral exposure to
methylene chloride. No treatment-related ophthalmologic findings in rats administered up to 249 mg
methylene chloride/kg/day in the drinking water for 104 weeks (Serota et al.1986a). No further relevant

information was located.

Metabolic Effects. Metabolic acidosis was detected in a man who attempted suicide by drinking
1-2 pints of Nitromors paint remover that contained methylene chloride as the active ingredient (Roberts

and Marshall 1976); he recovered following treatment with diuresis and hydrocortisone.

2.2.2.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or lymphoreticular effects in humans or animals after

oral exposure to methylene chloride.

2.2.2.4 Neurological Effects

One and a half hours after drinking 1-2 pints of paint remover (9,000—18,000 mg/kg) that contained
methylene chloride as the active ingredient, a man was deeply unconscious and unresponsive to painful
stimuli; his pupils were reactive, but tendon jerks were depressed and plantar response was absent
(Roberts and Marshall 1976). He was treated by diuresis and hydrocortisone and regained consciousness
by 14 hours after the initial event; at this time, no apparent cerebral damage was detected. The authors

suggested that recovery would have been unlikely without medical intervention.

2.2.2.5 Reproductive Effects

No studies were located regarding reproductive effects in humans or animals following oral exposure to

methylene chloride.

2.2.2.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals following oral exposure to

methylene chloride.
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2.2.2.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans after oral exposure to methylene chloride.

In rats given two doses of 1,275 mg/kg of methylene chloride by gavage (17 hours apart), significant
DNA breakage was detected in the liver 4 hours after the last dose (Kitchin and Brown 1989). Methylene
chloride did not induce a statistically significant increase of micronuclei of polychromatic erythrocytes in
mice when administered at doses up to 4,000 mg/kg (Sheldon et al. 1987). In mice given a single dose of
1,720 mg/kg of methylene chloride, DNA breaks were detected in nuclei from the liver and lung, but not
from stomach, kidney, urinary bladder, brain, or bone marrow; the authors indicated that there was no
evidence of cytotoxicity that might have caused the genetic damage (Sasaki et al. 1998). The variability

in genotoxicity may reflect tissue-specific variation in the metabolism of methylene chloride.

Other genotoxicity studies are discussed in Section 2.5.

2.2.2.8 Cancer

No studies were located regarding carcinogenic effects in humans after oral exposure to methylene

chloride.

Studies in animals provide suggestive evidence that ingestion of methylene chloride may increase the
incidence of liver cancer. In an acute rat study, two doses of 1,275 mg/kg of methylene chloride (given
17 hours apart) caused an increase in the liver activity of ornithine decarboxylase, an enzyme that may
contribute to the promotion of hepatic cancer (Kitchin and Brown 1989). Liver tumors were observed in
female, but not in male rats that ingested methylene chloride (up to 250 mg/kg/day) for 2 years, but the
cancer incidence rates were within historical control ranges (Serota et al. 1986a). Although liver cancer
was observed in male mice, the incidence was not significantly elevated. Female mice did not have
increased liver tumor incidence (Serota et al. 1986b). An increased incidence of mammary tumors was
found in female rats that received methylene chloride by gavage at 500 mg/kg/day for 64 weeks but the
results were not statistically significant (Maltoni et al. 1988). Under the same exposure conditions, an
increased incidence of pulmonary tumors in male mice was statistically significant (p<<0.05) when the

increased mortality rate was taken into account (Maltoni et al. 1988). The EPA (1985b, 1987a) reviewed
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the available data on the carcinogenic effects of methylene chloride and concluded that there was
borderline evidence for carcinogenicity. The EPA estimated that the upper bound incremental unit
carcinogenic risk for drinking water containing 1 pug/L methylene chloride for a lifetime was

2.1x107 (ug/L)". This risk estimate derivation was based on the mean of the carcinogenic risk estimates
from the finding of liver tumors in the NTP (1986) inhalation study in female mice; the lung tumor data
from the NTP study were not included in EPA’s analysis. Since the extrapolation model is linear at low
doses, additional lifetime cancer risk is directly proportional to the water concentration of methylene
chloride. Thus, risk levels of 10, 107, 10, and 107 are associated with 0.5, 0.05, 0.005, and

0.0005 mg/L, respectively (0.1, 0.01, 0.001, and 0.0001 mg/kg/day). Because these values are based on

upper bound estimates, the true risk could be lower. These values are shown in Figure 2-2.

2.2.3 Dermal Exposure

2.2.3.1 Death

No studies were located regarding death in humans or animals after dermal exposure to methylene

chloride.

2.2.3.2 Systemic Effects

Respiratory Effects. Shortness of breath was reported among some autoworkers who were exposed to
methylene chloride both dermally and by inhalation for periods of up to 3 years (Kelly 1988). However,
it is likely that inhalation exposure is largely responsible for this effect. No studies were located

regarding respiratory effects in animals following dermal exposure to methylene chloride.

No studies were located regarding the following systemic effects in humans or animals after dermal

exposure to methylene chloride:

Cardiovascular Effects.
Gastrointestinal Effects.

Hematological Effects.
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Musculoskeletal Effects.
Renal Effects.

Hepatic Effects. One autoworker who was exposed to methylene chloride by dermal contact and by
inhalation (3.3—154.4 ppm, average of 68 ppm) for 1.5 years was reported to have an enlarged liver in
addition to adverse neurological and reproductive effects (Kelly 1988). This study is described in more
detail under “Inhalation Exposure” in Section 2.1.3.2. The relative contributions of the two exposure

routes to hepatotoxicity were not determined.

No studies were located regarding hepatic effects in animals after dermal exposure to methylene chloride.

Dermal Effects. There are few studies of dermal effects of methylene chloride in humans. In several
cases, workers who were rendered unconscious while stripping furniture using a methylene chloride-
based compound in an open tank became partially immersed in the liquid (Hall and Rumack 1990); first
or second degree chemical burns developed on areas of the body having direct contact with the liquid. In
another case, a worker who was cleaning the interior of a tank with methylene chloride became
unconscious and fell into the solvent when the bucket overturned (Wells and Waldron 1984); during the
30 minutes before he was removed, second and third degree burns developed on the areas of contact. In a
similar workplace accident, in which a man was found dead after 1 hour of exposure to methylene

chloride, chemical burns with excoriation had developed on the areas of contact (Winek et al. 1981).

Ocular Effects. Data are limited regarding ocular effects in humans after dermal exposure to
methylene chloride. Severe corneal burns developed in a worker who was found unconscious and
slumped over with his face partially submerged in an open tank of paint stripper containing methylene

chloride (Hall and Rumack 1990). The duration of exposure was not indicated.

In animals, methylene chloride (0.01-0.1 mL) caused eye irritation and inflammation, increased corneal

thickness, and increased intraocular tension in rabbits following instillation of the liquid solvent into the

conjunctival sac (Ballantyne et al. 1976). Effects were reversible within 3-9 days after treatment. In the
same study, rabbits exposed to vapors of methylene chloride at concentrations of 490 ppm or greater for

10 minutes also showed effects on the eyes. There were small increases in corneal thickness and

intraocular tension. Effects were reversible within 2 days. It is likely that effects observed were due to
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direct effect of vapors on the cornea rather than to inhaled methylene chloride or its metabolites acting on

the eyes.

2.2.3.3 Immunological and Lymphoreticular Effects

No studies were located regarding immunological or lymphoreticular effects in humans or animals after

dermal exposure to methylene chloride.

2.2.3.4 Neurological Effects

Neurological effects (loss of memory, loss of concentration, sensory deficit) were reported in a group of
34 male autoworkers, who were exposed to methylene chloride by dermal contact and by inhalation
(3.3-154.4 ppm, average of 68 ppm) for up to 3 years (Kelly 1988). This study is described in more
detail under “Inhalation Exposure” in Section 2.1.3.4. The relative contributions of the two exposure

routes to neurotoxicity were not determined.

No studies were located regarding neurological effects in animals after dermal exposure to methylene

chloride.

2.2.3.5 Reproductive Effects

One group of case studies reported reproductive effects in 8 out of 34 men who complained of central
nervous system dysfunction following occupational exposure to methylene chloride for 0.4-2.9 years
(Kelly 1988). The eight men were part of a subgroup of 26 ‘bonders’ who applied methylene chloride to
automobile parts during assembly; this involved soaking pads from open buckets of methylene chloride
using ungloved hands, so exposures were both by dermal contact and by inhalation (3.3—-154.4 ppm,
average of 68 ppm). This study is described in more detail under “Inhalation Exposure” in

Section 2.1.3.5. Infectious disease was eliminated as a cause of the adverse reproductive effects (genital
pain, testicular atrophy, and oligospermia). The relative contributions of the two exposure routes to
reproductive toxicity were not determined. Uncertainty regarding this study involves the small number of
subjects, the multiple exposure to other organic chemicals, the lack of blood or urine samples quantifying
exposure to methylene chloride, and the lack of a control group. No other studies were located that

reported similar male reproductive effects from exposure to methylene chloride. Contrary to Kelly’s
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(1988) findings, Wells et al. (1989) found no evidence of oligospermia among four workers who had been
exposed to levels of methylene chloride that were twice as high as in the Kelly study while involved in
furniture stripping for at least 3 months; dermal exposure may have occurred, but this was not specified in
the report. It is not certain whether the longer duration of exposure (minimum occupational exposure 1.4
years) or exposure to other chemicals in the Kelly (1988) study contributed to the different outcomes in

the two studies.

2.2.3.6 Developmental Effects

No studies were located regarding developmental effects in humans or animals after dermal exposure to

methylene chloride.

2.2.3.7 Genotoxic Effects

No studies were located regarding genotoxic effects in humans or animals after dermal exposure to

methylene chloride.

Genotoxicity studies are discussed in Section 2.5.

2.2.3.8 Cancer

No studies were located regarding cancer effects in humans or animals after dermal exposure to

methylene chloride.

2.3 TOXICOKINETICS

Inhalation is the main route of exposure to methylene chloride for humans. Within the first few minutes
of exposure, approximately 70-75% of inhaled vapor is absorbed. However, as the concentration of
methylene chloride in the blood increases, the net uptake is greatly reduced until at steady-state, it is equal
to metabolic clearance, which has a maximum (determined by the fraction of blood flowing to the liver)
of 25% (EPA 1994). Under conditions of continuous exposure to air concentrations of up to
approximately 300 ppm, blood steady state concentrations of methylene chloride are reached in about

4 hours. Pulmonary absorption is influenced by exercise and body fat. In animals, pulmonary absorption
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is proportional to magnitude and duration of exposure over a concentration range of 100—8,000 ppm. An
increase of the steady state blood/air concentration ratio at high exposure levels reflects saturation of
metabolic pathways rather than an increased absorption coefficient. There is only qualitative evidence of
oral absorption in humans. In animals, methylene chloride is easily absorbed from the gastrointestinal
tract, particularly from aqueous media. Seventy-five to 98% of an administered dose may be absorbed in
10-20 minutes. There are no quantitative data on dermal absorption of methylene chloride, although it is

known to occur.

Distribution data in humans are lacking, but methylene chloride has been found in human breast milk and
blood. Methylene chloride is widely distributed in animal tissues after inhalation exposure. The highest
concentrations are found in adipose tissue and liver. Methylene chloride has been found in blood from
rats’ fetuses. After acute exposure, methylene chloride disappears rapidly from fat. Distribution of

methylene chloride does not seem to be route-dependent and it does not bioaccumulate in tissues.

There are two main competing metabolic pathways for methylene chloride; one initially catalyzed by
cytochrome P-450 enzymes (CYP2E1) and the other by a theta glutathione-S-transferase (GSSTI-1). The
P-450 pathway (MFO) produces carbon monoxide and carbon dioxide via formyl chloride and the
glutathione pathway (GST) produces carbon dioxide via a postulated glutathione conjugate (S-chloro-
methyl glutathione) and formaldehyde. Both pathways can give rise to toxic metabolites. The oxidative
pathway is preferred at lower exposure concentrations and becomes saturated as exposure levels increase.
Oxidative biotransformation of methylene chloride is similar in rats and humans. In rats, the MFO
pathway is high-affinity low capacity, whereas the GST pathway has lower affinity, but higher capacity.

The GST pathway is more active in mice than in rats and less active in hamsters and humans than in rats.

After inhalation exposure, humans eliminate methylene chloride mainly in expired air, but also in the
urine. In rats, following a single exposure to radioactive methylene chloride, exhaled air had the most
radioactivity, but radioactivity was also found in urine and feces. In exhaled air, the radiolabel was
mostly as carbon monoxide and carbon dioxide. Physiologically based pharmacokinetic (PBPK) models
have been developed to describe disposition of methylene chloride in humans and animals. These models
were designed to distinguish contributions of the two metabolic pathways in lung and liver tissue, to look
for correlations between tumor incidence and various measures of target tissue dose predicted by the

models, and to extrapolate cancer risks from mice to humans.
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2.3.1 Absorption

There is no information to determine whether absorption of methylene chloride in children is different

than in adults.

2.3.1.1 Inhalation Exposure

The principal route of human exposure to methylene chloride is inhalation. During absorption through
the lungs, the concentration of methylene chloride in alveolar air in equilibrium with pulmonary venous
blood content approaches the concentration in inspired air until a steady state is achieved. After tissue
and total body steady states are reached through the lungs and other routes, uptake is balanced by
metabolism and elimination. Steady state blood methylene chloride concentrations appear to be reached

after 2—4 hours of exposure (DiVincenzo and Kaplan 1981; McKenna et al. 1980).

Evaluation of pulmonary uptake in humans indicated that 70—-75% of inhaled methylene chloride vapor
was absorbed initially (DiVincenzo and Kaplan 1981). Initial absorption of methylene chloride was rapid
as indicated by an uptake of methylene chloride into the blood of approximately 0.6 mg/L in the first hour
of exposure to levels of 100-200 ppm. At a concentration of 50 ppm, the increase in blood methylene
chloride concentration was 0.2 mg/L for the first hour (DiVincenzo and Kaplan 1981). There was a direct
correlation between the steady state blood methylene chloride values and the exposure concentration,
with a proportionality constant of approximately 0.008 ppm in blood per ppm in air (DiVincenzo and
Kaplan 1981). The blood concentrations reached steady state values during the 4th through 8th hour of
continuous exposure to the vapor. Once exposure ceased, methylene chloride was rapidly cleared from
the blood. Six hours after the end of exposure, only traces of methylene chloride were present in the
blood in the highest-concentration group, and pre-exposure baseline blood levels were detected in the

other exposure groups.

Similar to other lipophilic organic vapors, methylene chloride absorption appears to be influenced by
factors other than the vapor concentration. Increased physical activity increases the amount of methylene
chloride absorbed by the body due to an increase in ventilation rate and cardiac output (Astrand et al.
1975; DiVincenzo et al. 1972). Uptake also increases with the percent body fat since methylene chloride
dissolves in fat to a greater extent than it dissolves in aqueous media (Engstrom and Bjurstrom 1977).

Therefore, obese subjects will absorb and retain more methylene chloride than lean subjects exposed to



METHYLENE CHLORIDE 66

2. HEALTH EFFECTS

the same vapor concentration. This does not mean obese subjects are more sensitive to toxicity. Under
controlled conditions, there was a 30% greater absorption and retention of methylene chloride by obese

subjects exposed to 75 ppm for 1 hour as compared to lean subjects (Engstrom and Bjurstrom 1977).

Studies of the relationship of inhalation exposures of animals to their blood methylene chloride
concentrations indicate that absorption is proportional to the magnitude and duration of the exposure over
a methylene chloride concentration range of 100-8,000 ppm. This conclusion is based on the monitoring
of blood methylene chloride concentrations following inhalation exposure in dogs and rats (DiVincenzo
etal. 1972; MacEwen et al. 1972; McKenna et al. 1982). As was the case with humans, blood methylene

chloride levels reached a steady state value as the duration of exposure increased (McKenna et al. 1982).

Studies of blood methylene chloride values during 6-hour exposures of rats to between 50 and 1,500 ppm
of methylene chloride suggest that the steady state blood/air concentration ratio increases as the exposure
concentration increases. The ratio of the steady state methylene chloride concentration in the blood to the
exposure concentration increased from 0.001 to 0.005 and 0.007 as the exposure increased from 50 to 500
to 1,500 ppm, respectively (McKenna et al. 1982). It is postulated that the increased ratio at steady state
results from saturation of metabolic pathways as exposure increases rather than from an increased

absorption coefficient.

2.3.1.2 Oral Exposure

No quantitative studies were located regarding absorption in humans after oral exposure to methylene
chloride. There is qualitative evidence that the compound is absorbed when ingested. A male became
deeply unconscious within 1.5 hours after ingestion of 1-2 pints of a paint remover (9,000—18,000 mg/kg)
(Roberts and Marshall 1976).

In animals, the limited available data suggest that methylene chloride is easily absorbed from the
gastrointestinal tract, particularly if exposed via aqueous media. Ten minutes after treatment, 24% of the
administered dose (50 mg/kg in aqueous solution) was recovered from the upper gastrointestinal tract of
mice when the stomach and small intestinal tissues and contents were analyzed (Angelo et al. 1986a).
Only 2.2% of the methylene chloride was in the stomach and small intestines 20 minutes after compound

administration and less than 1% remained after 40 minutes. At 10 minutes the large intestines and
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caecum contained 0.08% of the dose; these values were less than those detected after 20 minutes. Thus,

75% of the dose was absorbed within 10 minutes and about 98% of the dose was absorbed within 20 minutes.

On the other hand, after treatment of mice with 101,000 mg methylene chloride in corn oil,
approximately 55% of the administered dose was detected in the stomach and small intestines at

20 minutes and remained there at 2 hours (Angelo et al. 1986a). The large intestines and caeccum tissues
and contents contained about 5-8% of the dose at 10 minutes. This value declined to 1-2% at the end of
2 hours. This suggests that the absorption processes are slowed when methylene chloride is presented in
a hydrophobic vehicle. During the 2 hours of observation, approximately 40—45% of the 50 mg dose was
absorbed from the oil vehicle as compared to essentially all of a comparable dose in water. These data are
consistent with the slower emptying of chyme from the stomach when lipids are present, the partitioning
of methylene chloride between the corn oil and the aqueous digestive fluids, the necessity that fats be
emulsified by bile prior to digestion and absorption, and delayed mobilization of lipophilic substances

from the gastrointestinal tract.

Staats et al. (1991) developed a two-compartment model of oral absorption, dependent in part on the
vehicle (aqueous or lipid) and on the lipophilic characteristics of the ingested compound. Absorption
along the gastrointestinal tract was predicted to increase in the first compartment (likely the stomach),
when fat-soluble toxicants are administered in water. When administered in corn oil, the toxicants are
likely to adhere to the lipid vehicle in the first compartment and absorption in the stomach is likely to
decrease. The model also predicts that passage of the compound from the first compartment (stomach) to
the second compartment (small intestine) is enhanced when the vehicle is oil rather than water. However,
existing experimental data suggest that absorption from the second compartment (small intestine) is
generally slow for all lipophilic compounds, irrespective of vehicle. Using previously-determined
absorption and transfer constant values, the model developed by Staats et al. (1991) was able to predict
reasonably experimental data for trichloroethylene. The ability of the model to predict the gastrointestinal
absorption of methylene chloride was not determined. However, in general, the model is consistent with

methylene chloride experimental data (Angelo et al. 1986a).
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2.3.1.3 Dermal Exposure

No studies were located regarding absorption in humans following dermal exposure to methylene

chloride.

Dermal permeability constants for rats were obtained for 3 concentrations of methylene chloride (30,000,
60,000, and 100,000 ppm) in air for use in developing a pharmacokinetics model for dermal absorption of
vapors (McDougal et al. 1986). The mean permeability constant was 0.28 cm/hr. The total amount

absorbed was determined to be 34.4, 57.5, and 99.4 mg, respectively, for the three concentrations tested.

2.3.2 Distribution

There is no information to ascertain whether distribution of methylene chloride would be different in

children than in adults.

2.3.2.1 Inhalation Exposure

When methylene chloride is absorbed by the lungs it is expected that it will dissolve in the lipoprotein
components of the blood and enter the systemic circulation after passage through the heart. It is
distributed from the systemic circulation to the body organs. However, no quantitative data were located
which showed the distribution of methylene chloride following human inhalation exposure. Some data
are available which relate to the uptake of methylene chloride by human adipose tissues. These data
indicate that the methylene chloride concentrations in the adipose deposits of lean subjects are greater
than those in obese subjects. However, the total methylene chloride adipose tissue load is greater for the

obese subjects due to their greater adipose mass (Engstrom and Bjurstrom 1977).

Distribution studies in rats demonstrate that methylene chloride and/or its metabolites are present in the
liver, kidney, lungs, brain, muscle, and adipose tissues after inhalation exposures (Carlsson and
Hultengren 1975; McKenna et al. 1982). One hour after exposure, the highest concentration of
radioactive material was found in the white adipose tissue, followed by the liver. The concentration in the
kidney, adrenals, and brain were less than half that in the liver (Carlsson and Hultengren 1975).
Radioactivity in the fat deposits declined rapidly during the first 2 hours after exposure (Carlsson and

Hultengren 1975). Concentrations in the other tissues declined more slowly. On the other hand, after
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5 days of exposure to 200 ppm, 6 hours per day, the concentration of methylene chloride in the perirenal

fat was 6- to 7-fold greater than that in the blood and liver (Savolainen et al. 1977).

The animal data are accordingly consistent with the human adipose tissue data discussed above. When
pregnant rats were exposed to 500 ppm of methylene chloride by inhalation for 1 hour, the chemical was

found in fetal blood, but at a lower level than in maternal blood (Anders and Sunram 1982).

2.3.2.2 Oral Exposure

No studies were located regarding distribution in humans following oral exposure to methylene chloride.

In animals, radioactivity from labeled methylene chloride was detected in the liver, kidney, lung, brain,
epididymal fat, muscle, and testes after exposure of rats to a single oral gavage dose of 1 or 50 mg/kg
methylene chloride (McKenna and Zempel 1981). The tissue samples were taken 48 hours after dosing.
At that time, the lowest concentration of radioactivity was found in the fat. The highest concentrations
were in the liver and kidney; this was true for both doses. Radioactivity was found in the blood, liver,
and carcass of mice. Similar results were observed in rats administered doses of 50-1,000 mg/kg
methylene chloride for 14 days (Angelo et al. 1986a, 1986b). At each dose tested, and in each tissue, the
label was rapidly cleared during the 240 minutes after each exposure. These data suggest that methylene

chloride and/or its metabolites do not bioaccumulate in any tissues.

2.3.2.3 Dermal Exposure

In humans, direct dermal contact with pure methylene chloride causes an intense burning, mild erythema

and paresthesia (Stewart and Dodd 1964). Absorption is relatively rapid (McDougal et al. 1986).

2.3.3 Metabolism

Methylene chloride metabolism is not known to be qualitatively different in children than adults.
Information regarding the developmental expression of enzymes that metabolize methylene chloride is

discussed in Section 2.7, Children’s Susceptibility.
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Inhalation Exposure

Available data suggest that there are two pathways by which methylene chloride is metabolized. One
pathway utilizes the mixed function oxidase (MFO) enzymes and produces carbon monoxide (CO)
(Figure 2-3, Pathway 1). The other pathway involves the glutathione transferase (GST) and produces
carbon dioxide (CO,) (Figure 2-3, Pathway 2). It has been postulated that CO, can also be produced by
the MFO pathway if the reactive intermediate in this pathway (postulated to be formyl chloride) reacts
with a nucleophile prior to elimination of the chloride ion and formation of CO (Figure 2-3, Pathway 3)

(Gargas et al. 1986).

The MFO pathway seems to be the preferred pathway for methylene chloride metabolism following
inhalation exposures. Human subjects exposed by inhalation to 500 ppm or greater for 1 or 2 hours
experienced elevated COHb concentrations indicating that methylene chloride was metabolized to CO by
the MFO pathway (Stewart et al. 1972). The COHb concentrations rose to an average of 10.1%
saturation 1 hour after the exposure of 3 subjects to 986 ppm of methylene chloride for 2 hours. The
mean COHD concentration at 17 hours-post exposure remained elevated (3.9% saturation) above the pre-
exposure baseline value (1-1.5% saturation). The exposure of 8 subjects to 515 ppm of methylene
chloride for 1 hour increased the COHb level, which remained elevated above baseline for more than

21 hours.

In human subjects exposed by inhalation to 50—500 ppm of methylene chloride for up to 5 weeks, COHb
concentrations could be predicted from methylene chloride exposure parameters (Peterson 1978).
However, the exhaled breath concentrations of methylene chloride correlated better with exposure
parameters than did COHb concentrations. No differences in methylene chloride metabolism between
male and female subjects were detectable and there was no induction of metabolism to CO during

5-weeks exposure to concentrations ranging from 100 to 500 ppm of methylene chloride (Peterson 1978).

Metabolism of methylene chloride in animals has been shown to be similar to that in humans in an
experiment by Fodor et al. (1973). Albino rats exposed to methylene chloride showed COHb formation,
confirming the observation that methylene chloride is metabolized to CO following inhalation exposures.
Among rats exposed to methylene chloride for 4 hours, concentrations of 500 or 2,500 ppm resulted in
similar maximal blood levels of COHb (Wirkner et al. 1997). A concentration-response relationship

between inhaled methylene chloride and the maximum changes in COHb values was observed when



Figure 2-3. Proposed Pathways for Methylene Chloride Metabolism
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4 rabbits were exposed to 1,270—11,520 ppm of methylene chloride for a 4-week period (Roth et al.
1975). The larger the exposure concentration, the longer it took for the changes in blood COHbD values to
reach their maximum values. The maximum COHDb concentration was observed 1.5 hours after exposure

to 1,270 ppm and 3.5 hours after exposure to 11,520 ppm.

In rats, inhalation of 50 ppm for 6 hours resulted in 26 and 27% of the body burden being recovered as
expired CO and CO,, respectively, during the first 48 hours after the exposure period (McKenna et al.
1982). At 1,500 ppm, 14 and 10% of the body burden were recovered as CO and CO,, respectively.
These values are consistent with the concept that the enzymes responsible for the metabolic conversion of

methylene chloride to CO and CO, become saturated at high-exposure concentrations.

Anders and Sunram (1982) monitored the fetal and maternal blood concentrations of methylene chloride
and carbon monoxide following inhalation exposure of pregnant rats to methylene chloride at 500 ppm
for 1 hour. Whereas the level of methylene chloride in fetal blood was significantly lower than in
maternal blood, the levels of carbon monoxide were about the same. The authors suggested that the
maternal liver has higher biotransforming activity than the fetal liver and that the metabolically generated

carbon monoxide equilibrates between the fetal and maternal circulations.

Thier et al. (1991) investigated whether the human metabolism of methylene chloride was similar to
monohalogenated methanes; these compounds are metabolized via a glutathione-dependent pathway in
human erythrocytes in a subgroup of the human population (called “conjugators™), whereas another
subgroup does not exhibit erythrocyte glutathione-mediated metabolism (called “nonconjugators”).
Blood samples were taken from 10 volunteers who had previously been determined to be either
“conjugators” (subgroup B) or “nonconjugators” (subgroup A) of monohalogenated methanes. The
samples were exposed to radiolabeled methylene chloride, incubated, centrifuged to separate blood
plasma from cellular fraction, and the distribution of radioactivity between the different blood
compartments measured. For individuals from subgroup B, radioactivity in blood plasma increased over
time, reaching 30% in the low-molecular weight fraction and 5% in the high-molecular weight fraction
after 9 hours. For individuals in subgroup A, almost no radioactivity was found in either blood plasma
molecular fraction. In all samples from both groups, no radioactivity was found in either erythrocyte
cytoplasm or membranes. Thus, although dihalogenated methylene chloride does not appear to undergo
metabolism in erythrocytes, some metabolic transformation of methylene chloride appears to have

occurred in the plasma of all individuals classified as “conjugators” (subgroup B), whereas this
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metabolism did not occur in “nonconjugators” (subgroup A). The authors concluded that these data

provide evidence for enzyme polymorphism in humans with respect to methylene chloride metabolism.

The contributions of the MFO and GST pathways to the metabolism of methylene chloride were studied
in male rats by Gargas et al. (1986). Based on the data from these studies, the MFO pathway is a high
affinity-low capacity pathway with a metabolic rate of 47 umol/kg/hour. The GST pathway, on the other
hand, has a lower affinity than the MFO pathway but a higher capacity. As part of this study, rats were
pretreated with an inhibitor of the MFO pathway or a glutathione (GSH) depleting agent. Concentrations
of COHDb were measured to assess the relative contribution of each pathway to the total metabolism of
methylene chloride. Pretreatment with the MFO inhibitor essentially abolished CO production by the
high-affinity saturable MFO pathway and limited metabolism to the GSH-transferase pathway.
Concentrations of COHb following treatment with the GSH-depleting agent were increased 20—-30%
compared to untreated controls, indicating increased activity of the MFO pathway. Some CO, was
produced, indicating that despite some depletion of GSH, some methylene chloride was still metabolized

by the GST pathway or by conversion of CO to CO, via the MFO pathway.

There appear to be species differences in pathway preference. The GST pathway is more active in the
mouse than the rat, based on studies of metabolic end products in both species during and immediately
after 6 hours of exposure to 500, 1,000, 2,000, and 4,000 ppm of methylene chloride (Green et al. 1986¢).
The cytochrome MFO pathway leading to CO and COHb was shown to be saturated at the 500 ppm-
exposure level. After saturation of this pathway had occurred, the blood levels of methylene chloride in
the rat increased almost linearly with concentration, indicating little further metabolism in this species. In
contrast, there was evidence for significant metabolism of methylene chloride in the mouse at high-
concentration levels by the GST pathway, which leads to CO,. Comparison of expired CO, levels after
4,000-ppm exposure for 6 hours showed almost an order of magnitude more CO, produced per kilogram
of body weight in the mouse than in the rat. A marked difference was seen in the rate of clearance of
methylene chloride from tissues, as measured by its elimination in expired air. Although cleared from
blood rapidly in both species, the rate of clearance from rat tissues was markedly slower than in the
mouse. This slow release in the rat sustained metabolism for up to 8 hours after the end of exposure and,
consequently, had a marked effect on the overall body burden of metabolites. Methylene chloride was
cleared from tissues in the mouse in less than 2 hours. Overall, saturation of the cytochrome P-450 MFO

pathway occurred at similar levels in both species, but significantly more methylene chloride was
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metabolized by the GST pathway in the mouse when assessed either from the blood levels of methylene

chloride or by CO, formation at high-concentration levels.

The isoenzymes involved in the metabolism and biotransformation of methylene chloride have recently
been identified for each major pathway. The MFO pathway involves cytochrome P-450 2E1 and the
glutathione-mediated pathway involves a ® (theta) class glutathione S-transferase, GSTT1-1 (Blocki et al.
1994; Mainwaring et al. 1996b; Meyer et al. 1991). GSTT1-1 is expressed in a number of human organs
in a tissue-specific manner which is different from the pattern of expression of other glutathione
S-transferases, specifically those from the o, p, and  classes (Sheratt et al. 1997). A recent in vitro study
by Sheratt et al. (1997) detected very low levels of GSTT1-1 in human lung cells, suggesting that the
human lung is likely to have a low capacity for activating methylene chloride into reactive metabolites.
Although Mainwaring et al. (1996b) found that the overall distribution of mRNA and protein for
GSTTI1-1 and GSTT2-2 in the liver and lungs of humans was lower than in mice and rats, they found
localized high concentrations of GSTT2-2 enzyme in human bile-duct epithelial cells. However, since the
enzyme did not localize to the nucleus in these cells, the risk of genotoxic effects from methylene chloride
metabolism would appear to be small. Mainwaring et al . (1996b) also found locally high concentrations
of GSTT1-1 mRNA in a small number of Clara cells and ciliated cells of the alveolar/bronchiolar junction
in one human lung sample out of four. Mainwaring et al. (1996b) also found that rates of metabolism of
methylene chloride were low in human tissue, and lower in the lung than in the liver. Thus, it is possible
that, in some individuals, specific cell types may be vulnerable to genotoxic effects from reactive

intermediates of methylene chloride metabolism, although the overall risk is likely to be low.

The oxidative cytochrome P-450 2E1 is presumed to metabolize methylene chloride to carbon dioxide via
a reactive intermediate, formyl chloride; this metabolic pathway also produces carbon monoxide (Green
1997; Reitz 1990). The glutathione pathway metabolizes methylene chloride to carbon dioxide following
the formation of both formaldehyde and a glutathione conjugate, putatively chloromethyl glutathione. No
carbon monoxide is produced during glutathione-mediated metabolism (Green 1997; Reitz 1990).

Neither the formyl chloride, nor the chloromethyl glutathione, nor any other glutathione conjugate of
methylene chloride, has been isolated and characterized. However, according to Green (1997), the
formation of these reactive intermediates is consistent with the end products formed, and with the

enzymes and cofactors available.
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An extremely detailed analysis of these two metabolic pathways was conducted in mice, rats, hamsters,
and humans, both in vivo and in vitro. These studies provide evidence for the concentration-dependent
behaviors of the two pathways and compare the metabolic rates by each pathway in the four species
(Bogaards et al. 1993; Green 1991, 1997; Reitz et al. 1989). In vivo, the cytochrome P-450 MFO
pathway was the major route of metabolism at low-concentration inhalation exposures to methylene
chloride. In both rats and mice, saturation of the MFO pathway occurred at concentration levels of

500 ppm and above, with maximum COHD levels reported to be 12—15%. In vitro studies verified that
this pathway was similar in all four species. In contrast, the glutathione S-transferase pathway was the
major metabolic pathway at exposure concentrations used in the rodent cancer bioassays, and showed a
linear concentration response. Furthermore, metabolic activity in mouse tissue was more than 10-fold
greater than metabolic activity in rat tissue. The glutathione-mediated metabolic rates in hamster and
human tissues were even lower than those observed in the rat (Green 1997). In human tissues, metabolic
rates in the lung were about 10-fold lower than those in the liver (Green 1997). Although the ® (theta)
class glutathione S-transferase (enzyme 5-5 in rat) has a high specific activity for metabolizing methylene
chloride (Meyer et al. 1991; Sheratt et al.1997), the p-class GSTs (enzymes 3-3, 3-4, and 4-4) are, as a
group, 800-fold more abundant in rat liver (Blocki et al. 1994); in rat liver cytosol, the ®-class enzyme
(5-5) and the p-class group of enzymes (3-3, 3-4, and 4-4) are each responsible for half of the metabolism
of methylene chloride to formaldehyde (Blocki et al. 1994). In addition, another ®-class enzyme (12-12)
is present in rat liver, but its lability during isolation has prevented analysis of its specific activity (Meyer
et al. 1991). Although Schroder et al. (1996) demonstrated that the human erythrocyte GSTT1-1 is
polymorphic, from N-terminal modification, and differs from liver and lung GSTT1-1, it is not yet known
whether liver and lung human GSTT1-1 are polymorphic. Thus, the enzymatic basis for methylene

chloride metabolism in different tissues in different species is not completely elucidated.

Nelson et al. (1995) examined the distribution of erythrocyte GSTT1-1 polymorphisms among five
different ethnic groups: North American Caucasians, African-Americans, Mexican-Americans, Chinese,
and Koreans. Polymerase chain reaction (PCR)-based genotyping of erythrocyte GSTT1-1 demonstrated
that significant ethnic variations occur. The prevalence of the nonfunctional genotype (i.e., the one
lacking the ability to metabolize methylene chloride) was highest among Chinese (64%), followed by
Koreans (60%), African-Americans (22%), Caucasians (20%), and Mexican-Americans (10%). These
data suggest that there are ethnic differences in metabolizing capacity; additionally, substantial variations

in GSTT1-1 polymorphisms also occur within ethnic groups (Nelson et al. 1995)
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Kim et al. (1996b) conducted a series of experiments using the vial equilibration technique on freshly
isolated liver tissue of male Sprague Dawley rats in order to characterize the metabolism of methylene
chloride. Several different hepatic microsomal preparations were used to compare and contrast the MFO-
and GSH-mediated pathways. To produce glutathione depletion in one study, rats were injected
intraperitoneally with 250 mg phorone/kg body weight in corn oil prior to sacrifice and preparation of
liver homogenate for in vitro testing; controls received corn oil only. A glycerol buffer preparation
significantly inhibited methylene chloride metabolism while a sucrose buffer containing EDTA and KCl
did not. The use of substrates for P-450 2E1 (i.e., ethanol, pyrazole) completely inhibited methylene
chloride metabolism, indicating that the methylene chloride was metabolized preferentially by the MFO
pathway under the conditions of this study. Pretreatment with phorone to produce hepatic glutathione
depletion had little effect on the metabolic rate of methylene chloride, demonstrating that the glutathione-
mediated metabolism was not a major pathway under the conditions of the study. The authors concluded
that these results demonstrate that at low exposure levels, little methylene chloride is metabolized by the

GSH pathway, and thus these results confirm the results of other investigators.

Several PBPK models have been developed that can be used to predict tissue-specific exposures to
methylene chloride, taking into account absorption, distribution, and metabolism. A PBPK model was
used to provide quantitative estimates of the levels of methylene chloride in various organs of four
mammalian species (rats, mice, hamsters, and humans) following inhalation exposure (Andersen et al.
1987). The model, which incorporates a variety of variables representing the blood and tissue
concentrations of methylene chloride, exhaled methylene chloride, and instantaneous rates of metabolism
by each pathway, was validated by comparing predictions of concentrations of methylene chloride in
blood with time-course data obtained with Fischer-344 rats, Syrian Golden hamsters, B6C3F, mice, and
human volunteers. The predicted values for each of the four species were in agreement with the
experimental data. The model was also shown to predict the appearance and elimination of methylene

chloride metabolites reasonably well.

Other PBPK models are discussed in Section 2.3.5.

Oral Exposure In a lethal poisoning case, a 56 year-old woman ingested approximately 300 mL of
Nitromors, a paint remover solvent whose major ingredient is 75—-80% methylene chloride (Hughes and
Tracey 1993). COHD levels in the patient were increased to about 9% in blood samples taken several

hours later. According to the authors, this case demonstrated that conversion of ingested methylene
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chloride to COHDb occurs in humans; previously, the conversion of ingested methylene chloride to COHb

had only been reported in rats.

No other studies were located regarding metabolism in humans after oral exposure to methylene chloride.

Animal data on metabolism indicate that the process appears to be similar for inhalation and oral
exposures. When rats were gavaged with a single oral dose of 526 mg/kg of methylene chloride, COHb
levels in blood rose to nearly 10% (Wirkner et al. 1997). When methylene chloride was administered to
rats and mice by gavage at daily doses of 50 and 200 mg/kg in the mice and 50 mg/kg in the rats, there
was a dose-dependent biotransformation of methylene chloride to CO, and CO (Angelo et al. 1986a,
1986b). Pulmonary excretion of methylene chloride, CO, and CO, could be detected within 30 minutes
of administration. Initially, exhaled CO, levels from the methylene chloride subjects exceeded CO levels
in the rats. However, the amount of exhalant did increase with time. A similar profile of metabolism was
apparent in mice based on exhaled methylene chloride, CO, and CO, values except that the exhaled CO,
values support studies which indicated that the GST pathway is more important in mice than in rats

(Green et al. 1986¢, 1988).

Immediately following administration of doses of 500 or 1,000 mg/kg of methylene chloride in corn oil,
the values for pulmonary excretion of methylene chloride, CO,, and CO were all lower than when
methylene chloride was administered in aqueous solution, reflecting the slower absorption of methylene
chloride from the corn oil vehicle (Angelo et al. 1986a). Three hours after administration the corn oil,
pulmonary excretory patterns were similar, but still had lower values than those for the methylene

chloride in aqueous solution.

Pankow and Jagielki (1993) studied the in vivo metabolism of methylene chloride to carbon monoxide as
measured by the COHb level in blood under the following conditions: pretreatment with methanol;
simultaneous administration of methanol; and pretreatment with glutathione-depleting chemicals. Male
Wistar rats were administered 6.2 mmol (=0.4 mL)/kg body mass methylene chloride via gavage and
>148 mmol/kg of methanol. Six hours following methylene chloride administration, blood samples were
taken for COHb determination. The animals were then sacrificed and glutathione levels were measured in
the liver. The authors concluded that the cytochrome P-450 2E1 oxidative pathway is responsible for the
formation of COHb and the metabolism of methylene chloride to carbon monoxide, and suggested that

the two metabolic pathways of methylene chloride (i.e, oxidation cytochrome P-450 2E1 and conjugation
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via glutathione/glutathione-S-transferase) may be independent at study doses in rats. However, the

rationale for this suggestion was unclear.

A comparison of the rates of pulmonary elimination of methylene chloride, CO,, and CO for oral and
intravenous exposures of rats indicated that biotransformation rather than absorption was the rate-limiting
factor that controlled the CO and CO, production (Angelo et al. 1986b). The same situation was true in
mice when the pulmonary elimination patterns of the methylene chloride in water were compared to those
from intravenous injection (Angelo et al. 1986a). This was not the case when the methylene chloride was

given in corn oil.

These data suggest that both the MFO and GST pathways can participate in the metabolism of methylene
chloride. Factors which influence the metabolism of methylene chloride by the oral exposure route are
the rate of abs