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FOREWORD

The National Toxicology Program (NTP) is an interagency program within the Public Health Service (PHS) of the
Department of Health and Human Services (HHS) and is headquartered at the National Institute of Environmental
Health Sciences of the National Institutes of Health (NIEHS/NIH). Three agencies contribute resources to the
program: NIEHS/NIH, the National Institute for Occupational Safety and Health of the Centers for Disease Control
and Prevention (NIOSH/CDC), and the National Center for Toxicological Research of the Food and Drug
Administration (NCTR/FDA). Established in 1978, the NTP is charged with coordinating toxicological testing
activities, strengthening the science base in toxicology, developing and validating improved testing methods, and
providing information about potentially toxic substances to health regulatory and research agencies, scientific and
medical communities, and the public.

The Technical Report series began in 1976 with carcinogenesis studies conducted by the National Cancer Institute.
In 1981, this bioassay program was transferred to the NTP. The studies described in the Technical Report series are
designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity, of
selected substances in laboratory animals (usually two species, rats and mice). Substances selected for NTP toxicity
and carcinogenicity studies are chosen primarily on the basis of human exposure, level of production, and chemical
structure. The interpretive conclusions presented in NTP Technical Reports are based only on the results of these
NTP studies. Extrapolation of these results to other species, including characterization of hazards and risks to
humans, requires analyses beyond the intent of these reports. Selection per se is not an indicator of a substance’s
carcinogenic potential.

The NTP conducts its studies in compliance with its laboratory health and safety guidelines and FDA Good
Laboratory Practice Regulations and must meet or exceed all applicable federal, state, and local health and safety
regulations. Animal care and use are in accordance with the Public Health Service Policy on Humane Care and Use
of Animals. Studies are subjected to retrospective quality assurance audits before being presented for public review.

NTP Technical Reports are indexed in the NIH/NLM PubMed database and are available free of charge
electronically on the NTP website (http://ntp.niehs.nih.gov) or in hardcopy upon request from the NTP Central Data
Management group at cdm@niehs.nih.gov or (919) 541-3419.
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SUMMARY

Background
Bis(2-chloroethoxy)methane is used as a solvent and to make fungicides and polymers. We studied the effects of
bis(2-chloroethoxy)methane on male and female rats and mice to identify potential toxic or cancer-related hazards.

Methods

We painted solutions containing bis(2-chloroethoxy)methane in ethanol on the backs of male and female rats and
mice. Groups of 50 male and female rats received 75, 150, or 300 milligrams of bis(2-chloroethoxy)methane per
kilogram of body weight 5 days per week for 2 years; similar groups of male mice received 150, 300, or 600 mg/kg
and female mice received 100, 200, or 400 mg/kg. Groups of animals receiving ethanol alone served as the control
groups. At the end of the study, tissues from more than 40 sites were examined for every animal.

Results

The only effects observed in male and female rats were degeneration of the olfactory epithelium of the nose, and
some instances of stomach inflammation or ulcer were observed in males. Male and female mice receiving
bis(2-chloroethoxy)methane had increased rates of some alterations of heart tissue that were termed
cardiomyopathy. Male mice also had inflammation of the skin and stomach ulcers.

Conclusions

We conclude that exposure to bis(2-chloroethoxy)methane did not cause cancer in male or female rats or mice.
Exposure to bis(2-chloroethoxy)methane caused some non-cancerous lesions of the nose in rats and the heart in
mice.
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BIS(2-CHLOROETHOXY)METHANE

CAS No. 111-91-1

Chemical Formula: CsH;,Cl,0,

Synonyms:

Molecular Weight: 173.04

Bis(2-chloroethyl)formal; bis(B-chloroethyl)formal; dichlorodiethyl formal; dichlorodiethyl methylal;

di(2-chloroethyl) acetal; dichloroethyl formal; 2,2-dichloroethyl formal; dichloromethoxy ethane;
ethane, 1,1-[methylenebis(oxy)]bis(2-chloro)-; formaldehyde bis(2-chloroethyl) acetal;
formaldehyde bis(B-chloroethyl) acetal; methane, bis(2-chloroethoxy)-; 1,1-[methylenebis(oxy)]bis(2-chloroethane)

Bis(2-chloroethoxy)methane is used as a solvent and the
starting agent in the production of fungicides and
polysulfide polymers. Bis(2-chloroethoxy)methane was
nominated for study by the National Institute of
Environmental Health Sciences because of its
widespread use as a starting material to produce
polysulfide elastomers, and because there were no
2-year carcinogenicity studies reported in the literature.
Male and female F344/N rats and B6C3F1 mice
received dermal applications of bis(2-chloroethoxy)-
methane in ethanol (greater than 98% pure) for 2 weeks,
3 months, or 2 years. Genetic toxicology studies were
conducted in Salmonella typhimurium and Escherichia
coli, rat bone marrow cells, and mouse peripheral blood

erythrocytes.

2-WEEK STUDY IN RATS

Groups of five male and five female rats were dermally
administered 0, 12.5, 25, 50, 100, or 200 mg
bis(2-chloroethoxy)methane/kg body weight in ethanol,
5 days per week for 16 days. All rats survived to the
end of the study. Mean body weights of dosed rats were
similar to those of the vehicle control groups. There
were no histopathologic lesions related to bis(2-chloro-
ethoxy)methane administration.

2-WEEK STUDY IN MICE

Groups of five male and five female mice were
dermally administered 0, 12.5, 25, 50, 100, or 200 mg
bis(2-chloroethoxy)methane/kg body weight in ethanol,
5 days per week for 17 days. All mice survived to the
end of the study. Mean body weights of dosed mice
were similar to those of the vehicle control groups.
There were no histopathologic lesions related to
bis(2-chloroethoxy)methane administration.

3-MONTH STUDY IN RATS

Groups of 10 male and 10 female rats were dermally
administered 0, 50, 100, 200, 400, or 600 mg
bis(2-chloroethoxy)methane/kg body weight in ethanol,
5 days per week for 14 weeks. Additional clinical
pathology groups of 10 male and 10 female rats were
administered the same doses for 23 days. All core study
600 mg/kg males and females and two 400 mg/kg
females died before the end of the study. The cause of
death was considered to be related to the cardiotoxic
effect of bis(2-chloroethoxy)methane. There were no
significant differences between final mean body weights
of dosed rats and those of the vehicle control groups; the
mean body weight gain of 400 mg/kg males was
significantly less than that of the vehicle controls.



Clinical findings included prostration and ataxia in
600 mg/kg rats during the first week of the study and
nasal/eye discharge, lethargy, ataxia, and abnormal
breathing in 400 and 600 mg/kg females beginning
week 5. An enlarged heart was noted in one 100 mg/kg
female rat. Relative kidney weights of 100, 200, and
400 mg/kg males were significantly greater than that of
the vehicle control group. Increased incidences and
severities of myofiber cytoplasmic vacuolization and
interstitial mononuclear cell infiltration in the heart
occurred in 400 and 600 mg/kg male and female rats
and in 200 mg/kg females. Increased incidences and
severities of myofiber necrosis occurred in 600 mg/kg
males and females; one female each in the 200 and
400 mg/kg groups also had this lesion. Three
600 mg/kg males had atrial thrombosis.

3-MONTH STUDY IN MICE

Groups of 10 male and 10 female mice were dermally
administered 0, 50, 100, 200, 400, or 600 mg
bis(2-chloroethoxy)methane/kg body weight in ethanol,
5 days per week for 14 weeks. Except for three
600 mg/kg females, all mice survived to the end of
the study. Mean body weights of dosed and vehicle
control mice were similar. One 600 mg/kg female that
died early exhibited lethargy, abnormal breathing,
and tremors, and one animal had clonic seizures. One
600 mg/kg female that died early had focal
erosion of the glandular stomach and a focus in the
duodenum found to consist of acute suppurative
inflammation and thrombosis. Absolute and relative
kidney weights of 400 and 600 mg/kg males and
600 mg/kg females were significantly greater than those
of the vehicle control groups. Absolute liver weights
of 400 and 600 mg/kg females were also significantly
increased. Significantly increased incidences of
myofiber cytoplasmic vacuolization occurred in 400 and
600 mg/kg females.

2-YEAR STUDY IN RATS

Groups of 50 male and 50 female rats were dermally
administered 0, 75, 150, or 300 mg bis(2-chloro-
ethoxy)methane/kg body weight in ethanol, 5 days per
week for 105 weeks. Survival of all dosed groups of
rats was generally similar to that of the vehicle controls.
Mean body weights of dosed rats were similar to those
of the vehicle controls throughout the study. Clinical
findings in 300 mg/kg females that died during the first
year of the study included abnormal breathing, lethargy,
thinness, nasal discharge, and ataxia.

Significantly increased incidences of degeneration of
the olfactory epithelium in the nose occurred in all

Bis(2-chloroethoxy)methane, NTP TR 536

dosed groups of males and in 150 and 300 mg/kg
females. The incidences of inflammation of the fore-
stomach were significantly increased in 150 and
300 mg/kg males, and the incidence of ulcers was
significantly increased in 300 mg/kg males. Increased
incidences of cystic degeneration of the liver occurred
in 150 and 300 mg/kg male rats; the incidence was
significantly increased in the 300 mg/kg group.

2-YEAR STUDY IN MICE

Groups of 50 male mice were dermally administered
0, 150, 300, or 600 mg bis(2-chloroethoxy)methane/kg
body weight in ethanol, 5 days per week for 105 weeks.
Groups of 50 female mice were dermally administered
0, 100, 200, or 400 mg/kg in ethanol, 5 days per week
for 104 weeks. Survival of 600 mg/kg male mice was
significantly less than that of the vehicle control group.
Mean body weights of dosed mice were generally
similar to those of the vehicle controls throughout the
study. Clinical findings observed in 600 mg/kg male
mice that died during the first year of the study included
lethargy and thinness.

Myocardial heart changes were recorded according to
the characteristic lesions of cardiomyopathy syndrome
(necrosis, mononuclear cell infiltration, myocardial cell
vacuolization, and interstitial fibrosis) separately, and in
addition, where appropriate, they were also categorized
as cardiomyopathy. Increased incidences of cardio-
myopathy and mononuclear cell infiltration occurred in
600 mg/kg males and 400 mg/kg females; the
incidences were significantly increased in 600 mg/kg
males compared to the vehicle controls. Significantly
increased incidences of cardiomyocyte vacuolization
and interstitial fibrosis occurred in 600 mg/kg males. A
few early deaths in the 600 mg/kg males were
considered to be due, at least in part and probably
exclusively, to bis(2-chloroethoxy)methane-induced
cardiotoxicity.

The incidence of ulceration of the forestomach was
significantly increased in 600 mg/kg males.

Significantly increased incidences of dermal inflam-
mation and fibrosis and epidermal hyperplasia at the site
of application occurred in 600 mg/kg male mice.

GENETIC TOXICOLOGY

Bis(2-chloroethoxy)methane was mutagenic in S. typhi-
murium strains TA100 and TA1535 in the presence of
exogenous metabolic activation enzymes (S9) in one
study; results from a second bacterial mutagenicity test
were judged to be equivocal based on responses
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observed in TA100 and in E. coli strain WP2uvrA/
pKM101 in the presence of S9. No mutagenicity was
observed in other tester strains or in the absence of S9.
Bis(2-chloroethoxy)methane did not increase the
frequency of micronucleated reticulocytes in bone
marrow of male F344/N rats following three daily
treatments by gavage or micronucleated erythrocytes in
peripheral blood of male or female mice after 3 months
of dermal exposure.

CONCLUSIONS
Under the conditions of these 2-year dermal studies,
there was no evidence of carcinogenic activity* of

bis(2-chloroethoxy)methane in male or female F344/N
rats administered 75, 150, or 300 mg/kg. There was
no evidence of carcinogenic activity of bis(2-chloro-
ethoxy)methane in male B6C3F1 mice administered
150, 300, or 600 mg/kg or in female B6C3F1 mice
administered 100, 200, or 400 mg/kg.

The administration of bis(2-chloroethoxy)methane for
2 years resulted in increased incidences of non-
neoplastic lesions in the nose of male and female rats,
the forestomach of male rats, the heart of male and
female mice, and the forestomach and skin of male
mice.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 11. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appears on page 13.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of Bis(2-chloroethoxy)methane

Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F1 Mice

Female
B6C3F1 Mice

Doses in ethanol by
dermal application

Body weights

Survival rates

Nonneoplastic effects

Neoplastic effects

Level of evidence of
carcinogenic activity

Genetic toxicology

Bacterial gene mutations:

0, 75, 150, or 300 mg/kg

Dosed groups similar to
the vehicle control group

21/50, 29/50, 14/50, 24/50

Nose: olfactory
epithelium, degeneration
(5/50, 17/49, 30/50,
48/49)

Forestomach:
inflammation (0/50, 2/50,
6/50, 10/50); ulcer (0/50,
2/50, 2/50, 7/50)

None

No evidence

0, 75, 150, or 300 mg/kg

Dosed groups similar to
the vehicle control group

19/50, 30/50, 28/50, 18/50

Nose: olfactory
epithelium, degeneration
(5/49, 4/49, 18/50, 49/49)

None

No evidence

0, 150, 300, or 600 mg/kg

Dosed groups similar to
the vehicle control group

37/50, 40/50, 42/50, 28/50

Heart: myocardium,
cardiomyopathy (10/50,
12/50, 7/50, 28/50;
myocardium, fibrosis
(0/50, 3/50, 3/50, 13/50);
myocardium, infiltration
cellular, mononuclear cell
(11/50, 12/50, 8/50,
28/50); myocardium,
vacuolization cytoplasmic
(10/50, 15/50, 11/50,
29/50)

Forestomach: ulcer (1/50,
1/50, 1/50, 7/50)

Skin (site of application):
dermis, fibrosis (6/50,
1/50, 2/50, 25/50);
dermis, inflammation
(3/50, 1/50, 3/50, 13/50);
epidermis, hyperplasia
(8/50, 1/50, 4/50, 28/50)

None

No evidence

0, 100, 200, or 400 mg/kg

Dosed groups similar to
the vehicle control group

31/50, 38/50, 37/50, 37/50

Heart: myocardium,
cardiomyopathy (10/50,
7/50, 10/50, 17/50);
myocardium, infiltration
cellular, mononuclear cell
(9/50, 7/50, 10/50, 17,50);
myocardium,
vacuolization cytoplasmic
(14/50, 4/50, 6/50, 13/50)

None

No evidence

Positive in one study in S. typhimurium strains TA100 and TA1535 with S9;
equivocal in a second study in TA100 and in E. coli with S9; negative in TA100,
TA1535, and E. coli without S9 and TA98 with or without S9

Micronucleated erythrocytes
Rat bone marrow in vivo:
Mouse peripheral blood in vivo:

Negative in male rats
Negative in male and female mice
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence for
conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control animals,
do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of conditions.
Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate that exposure to
the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on Cancer, assign a
strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as those conducted by the
NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to be
carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of evidence observed in
each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings (equivocal
evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated because of major
flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised on March 1986 for use
in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For each
separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to describe the findings.
These categories refer to the strength of the experimental evidence and not to potency or mechanism.

e Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related (i) increase of
malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of benign neoplasms
if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

. Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased
incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for clear
evidence.

e  Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

e  No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms

e  Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

For studies showing multiple chemical-related neoplastic effects that if considered individually would be assigned to different levels of evidence
categories, the following convention has been adopted to convey completely the study results. In a study with clear evidence of carcinogenic
activity at some tissue sites, other responses that alone might be deemed some evidence are indicated as “were also related” to chemical exposure.
In studies with clear or some evidence of carcinogenic activity, other responses that alone might be termed equivocal evidence are indicated as
“may have been” related to chemical exposure.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline between
two adjacent levels. These considerations should include:

adequacy of the experimental design and conduct;

occurrence of common versus uncommon neoplasia;

progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible
to identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that benign
neoplasms of those types have the potential to become malignant;

combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue;
latency in tumor induction;

multiplicity in site-specific neoplasia;

metastases;

supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or other experiments (same lesion in
another sex or species);

presence or absence of dose relationships;

statistical significance of the observed tumor increase;

concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

survival-adjusted analyses and false positive or false negative concerns;

structure-activity correlations; and

in some cases, genetic toxicology.
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SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On November 19, 2009, the draft Technical Report on
the toxicology and carcinogenesis studies of bis(2-
chloroethoxy)methane received public review by the
National Toxicology Program’s Board of Scientific
Counselors’ Technical Reports Review Subcommittee.
The review meeting was held at the National Institute
of Environmental Health Sciences, Research Triangle
Park, NC.

Dr. J K. Dunnick, NIEHS, introduced the toxicology
and carcinogenesis studies of bis(2-chloroethoxy)-
methane by describing the uses of the solvent, the
results of mutagenicity tests, background information
on the absorption and metabolism of the chemical, and
the design and results of the short- and long-term
dermal exposure studies. The proposed conclusions
for the 2-year studies were no evidence of carcinogenic
activity of Dbis(2-chloroethoxy)methane in male or
female F344/N rats and no evidence of carcinogenic
activity of bis(2-chloroethoxy)methane in male or
female B6C3F1 mice.

Dr. Riviere, the first principal reviewer, felt the
studies were well performed and reported. He asked
that more details of the dermal exposure protocols be
included.

Dr. Nagarkatti, the second principal reviewer, inquired
if the thymic atrophy and bone marrow depletion
warranted other studies on immunosupression. She
inquired also if the dermal application could result in
hypersensitivity. She thought the report explained well
the different forms of cardiotoxicity and cardio-
myopathy observed. Dr. Dunnick said the discussion
would be expanded where appropriate.

Dr. Bunton, the third principal reviewer, inquired about
the criteria for distinguishing the cardiotoxicity from
cardiomyopathy, with the former sometimes masking
the latter. Dr. A. Nyska, contractor to the NTP,
explained that the damage associated with cardio-
toxicity is more widespread, consisting of vacuoli-
zation, necrosis, and mononuclear cell infiltration,
which mask the focal lesions characteristic of
cardiomyopathy.

Dr. Riviere moved, and Dr. Nagarkatti seconded, that
the conclusions be accepted as written. The motion
was approved with seven yes votes. Drs. Teeguarden
and Novak were recused from participation in the peer
review and vote because of potential conflicts of
interest; therefore, Dr. Portier served as Chairperson of
the committee for this report. = Dr. Eastmond was
absent for the vote.
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BIS(2-CHLOROETHOXY)METHANE

CAS No. 111-91-1

Chemical Formula: CsH;,Cl,0,

Synonyms:

Molecular Weight: 173.04

Bis(2-chloroethyl)formal; bis(B-chloroethyl)formal; dichlorodiethyl formal; dichlorodiethyl methylal;

di(2-chloroethyl) acetal; dichloroethyl formal; 2,2-dichloroethyl formal; dichloromethoxy ethane;
ethane, 1,1-[methylenebis(oxy)]bis(2-chloro)-; formaldehyde bis(2-chloroethyl) acetal;
formaldehyde bis(B-chloroethyl) acetal; methane, bis(2-chloroethoxy)-; 1,1-[methylenebis(oxy)]bis(2-chloroethane)

CHEMICAL AND PHYSICAL PROPERTIES
Bis(2-chloroethoxy)methane is a colorless liquid with a
flash point (open cup) of 230° C, a freezing point of
—32.8° C, a boiling point of 218.1° C, a specific gravity
(20° C/20° C) of 1.2339, and a vapor pressure of
0.1 mm Hg at 25° C (Hawley’s, 1997; HSDB, 2009).
The solubility is less than 1.000 ppm in water (Battelle,
1999).

In water, bis(2-chloroethoxy)methane can be decom-
posed by mineral acids (Hawley’s, 1997). Toxic
chloride fumes are formed on contact with acid or acid
fumes (Sax, 1984). Hydrolysis is relatively slow, with a
minimum calculated half-life in pure water (pH = 7 and
25° C) of 6 months to several years (SRI, 1989; HSDB,
2009). Hydrolysis can occur at two sites on the
molecule: the carbon-oxygen bonds of the acetal
linkages and the carbon-chlorine bonds (HSDB, 2009).
The calculated hydrolytic half-life is approximately
6 months for the carbon-chlorine bonds. Bis(2-chloro-
ethoxy)methane is slightly flammable when exposed to
heat or flame (Sax, 1984). Upon thermal decom-
position, hydrogen chloride fumes are released (HSDB,
2009).

PRODUCTION, USE,

AND HUMAN EXPOSURE

Approximately 10 to 50 million pounds of bis(2-
chloroethoxy)methane were produced in the United
States in 1977 (HSDB, 2009). No current data on
import volumes were found. Bis(2-chloroethoxy)-
methane is produced by the reaction of ethylene
chlorohydrin and formaldehyde under acid catalysis
(Kirk-Othmer, 1984).

Bis(2-chloroethoxy)methane is used as a solvent and
a starting agent in the production of fungicides and
polysulfide polymers (Mutuc et al., 2008). Bis(2-
chloroethoxy)methane polysulfide elastomers are used
extensively in a variety of sealant applications because
of their resistance to degradation by many solvents and
resistance to high temperatures (Vietti and Scherrer,
1992). Over 95% of polysulfide polymers are made
from bis(2-chloroethoxy)methane and sodium poly-
sulfide (HSDB, 2009).

Bis(2-chloroethoxy)methane does not occur naturally
(HSDB, 2009). Release of the chemical can occur by
volatilization during its manufacture, formulation in
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polysulfides, or use as a solvent. The chemical has been
detected as a subsurface contaminant at a number of
industrial sites (Thomann, 1995; Mutuc et al., 2008).
Bis(2-chloroethoxy)methane was found (levels not
reported) in the industrial wastes of metal finishing,
plastics and chemical manufacturing, and steam electric
power industries that discharge effluents to the
combined sewerage system along the lower Passaic
River in New Jersey (Shear et al., 1996). The volatility
of bis(2-chloroethoxy)methane does not contribute
significantly to its environmental fate in water (HSDB,
1998). It is estimated that in a model pond, the half-life
of bis(2-chloroethoxy)methane would be 11 years. This
is compared to a half-life of 0.5 to 2.0 years for
structurally similar haloethers.  Bis(2-chloroethoxy)-
methane has been detected in water from inland
waterways (van Steenderen et al., 1987). Samples of
treated effluent taken from a synthetic rubber
manufacturing plant revealed bis(2-chloroethoxy)-
methane levels of 140 mg/L (USEPA, 1973). Clams
sampled from the Chef Menteur River that flows from
Lake Pontchartrain, Louisiana, to the Gulf of Mexico
had wet weight tissue concentrations of 12 ng bis(2-
chloroethoxy)methane/g, even though the chemical was
not detected in the lake’s sediment samples (McFall
etal, 1985). Bis(2-chloroethoxy)methane was not
detected in fish taken from 14 river tributaries of Lake
Michigan (Camanzo et al., 1987).

Bis(2-chloroethoxy)methane is reported to have a low
soil organic carbon content normalized sorption
coefficient value of 32 (Tao and Lu, 1999) and is only
slightly soluble in water (HSDB, 2009). Given the
vapor pressure and water solubility of bis(2-chloro-
ethoxy)methane, along with an estimated Henry’s Law
constant of 3.9x10°° atm-m’*/mole at 25° C, volatili-
zation from moist soil is expected to be an important
fate process for bis(2-chloroethoxy)methane; it is not
expected to volatilize from dry soil surfaces based on its
vapor pressure (HSDB, 2009). Gas chromatography
with mass spectrometry analysis of plants grown in
sludge-treated coal refuse showed that they contained
less than the minimum detection limit of 4 mg
bis(2-chloroethoxy)methane/kg dry weight (Webber
etal, 1994). A study by Patterson and Kodukala
(1981) showed that when the influent of a sludge treat-
ment facility was spiked with 0.24 g bis(2-chloro-
ethoxy)methane/L, 60% of the pollutant was removed.
In the atmosphere, bis(2-chloroethoxy)methane has an
estimated half-life of 2.1 days when reacted with
photochemically produced hydroxyl radicals (HSDB,
2009). Exposure to bis(2-chloroethoxy)methane may
occur by dermal contact and/or inhalation from its
manufacture and use as a solvent and intermediate for
polysulfide rubbers (HSDB, 2009).

Bis(2-chloroethoxy)methane, NTP TR 536

No human exposure data are available (HSDB, 2009).

REGULATORY STATUS
Bis(2-chloroethoxy)methane is listed as a hazardous
waste in 40 CFR § 261.32 because it is an industrial
wastewater sludge generated by chlorinated aliphatic
chemical manufacturing facilities. The Code of Federal
Regulations establishes limits of pollutants in waste-
water and nonwastewater; wastewaters are wastes that
contain 1% by weight total organic carbon and less than
1% by weight total suspended solids; nonwastewaters
are wastes that do not meet the criteria for wastewaters
(40 CFR § 268.48). Bis(2-chloroethoxy)methane has
a wastewater standard of 0.036 mg/L and a non-
wastewater standard of 7.2 mg/kg.

ABSORPTION, DISTRIBUTION,
METABOLISM, EXCRETION,

AND TOXICOKINETICS

Experimental Animals

In a study conducted for the NTP, ['*C]-bis(2-chloro-
ethoxy)methane was found to be readily absorbed and
rapidly excreted following gavage administration of 0.1
or 10 mg/kg to male F344 rats (Black et al., 2007). The
majority of the '*C was excreted within 24 hours of
administration, primarily in the urine. Cumulative
72-hour excretion of the dose amounted to 90% to 94%
in urine, a trace in feces, and up to 7% exhaled as '*CO,.
Results were similar following intravenous injection
of | mg/kg. Male and female B6C3F1 mice also
excreted the majority of either a gavage or intravenous
dose of ["*C]-bis(2-chloroethoxy)methane in the urine.
Compared to rats, mice appeared to excrete bis(2-
chloroethoxy)methane-derived radioactivity at a slower
rate over time, and a notable amount, approximately
25% of a 10 mg/kg gavage dose, was detected in the
feces. The distribution of '*C to tissues was rapid
following intravenous administration to male rats.
Approximately 80% of the total dose was present in
tissues at 15 minutes, with the blood containing
approximately 2% of the dose; respective concentrations
in the kidney, liver, adipose tissue, and lung were 30-,
4-, 3-, and 1.5-fold higher than in the blood.
Elimination of "C from tissues was rapid over time,
with the peak concentration observed at or before the
15-minute time point in most tissues. A notable
exception was the thymus, where the '*C concentration
increased threefold between 15 minutes and 4 hours and
remained constant through 8 hours postdosing. Over
90% of the '*C in the thymus at 8 hours appeared to be
bound to macromolecules. The tissue-to-blood ratio of
"C in the heart was less than 1 at all time points.
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Individual tissues were not collected and analyzed from
animals in the gavage studies; however, only a small
amount (less than or equal to 1.5%) of the total dose
remained in the carcasses of rats and mice 72 hours after
dosing.

Black et al. (2007) investigated absorption of ['*C]-
bis(2-chloroethoxy)methane following dermal adminis-
tration of 0.1 or 10 mg/kg to male F344 rats and
B6C3F1 mice. Total recovery of the radiolabel for
0.1 mg/kg mice was approximately 41% of the total
dose. No species-related effects were observed at
10 mg/kg, with mean recovery from 73% to 87% of the
total dose. In 10 mg/kg rats and mice, bis(2-chloro-
ethoxy)methane was described as being moderately
absorbed from the dosing site (protected from
grooming) with total dose absorption ranging from 12%
to 18% for rats and 14% to 22% for mice. Most of the
absorbed dose was excreted in the urine. Up to 50% of
the total dose volatilized from the skin of some animals
during these 24-hour experiments. Total dose absorp-
tion over 24 hours ranged from 33% to 55% for rats and
17% to 25% for mice following dermal application of
10 mg/kg to an unprotected site (RTI, 2002). These
results indicated that rats, but not mice, ingested a
significant amount of bis(2-chloroethoxy)methane from
grooming at the administration site.

['*C]-bis(2-chloroethoxy)methane was rapidly metab-
olized following intravenous administration to rats
(Black efal., 2007). Most of the '“C in blood at
15 minutes after dosing consisted of bis(2-chloro-
ethoxy)methane-derived metabolites or was bound to
blood constituents. Parent chemical was near the limit
of detection in blood within 4 hours of dosing and was
not detected in the urine of rats. Bis(2-chloroethoxy)-
methane underwent rapid metabolism in mice as
well, although species-dependent differences in metab-
olism were observed in these studies. Five major
bis(2-chloroethoxy)methane-derived metabolites were
detected in rat urine, whereas only three were detected
in mouse urine. As in rats, no parent chemical was
detected in the urine of dosed mice. None of the
bis(2-chloroethoxy)methane-derived metabolites in rat
or mouse urine appeared to be glucuronide or sulfate
conjugates. The major metabolite in rat urine, approx-
imately 40% of the total dose, was isolated and
identified as thiodiglycolic acid. The metabolites of
bis(2-chloroethoxy)methane in mouse urine were not
identified. No bis(2-chloroethoxy)methane-derived
metabolite in mouse urine coeluted with thiodiglycolic
acid in rat urine in high-performance liquid chromato-
graphy analysis. However, thiodiglycolic acid was
present in tissues of mice administered bis(2-chloro-
ethoxy)methane in toxicokinetic studies conducted by
the NTP (Appendix L). Therefore, the inability to
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detect thiodiglycolic acid in mouse urine in the study
conducted by Black et al. (2007) may indicate complete
metabolism of the chemical in mice. A proposed
metabolic scheme for bis(2-chloroethoxy)methane
metabolism in rats is shown in Figure 1. Bis(2-
chloroethoxy)methane has been described as being
environmentally persistent (HSDB, 2009); however, the
results of the studies conducted by Black et al. (2007)
indicated that the ether bonds of bis(2-chloro-
ethoxy)methane are readily cleaved in vivo, resulting in
likely formation of 2-chloroethanol and chloro-
acetaldehyde. Chloroacetaldehyde has been shown to
be neurotoxic to mice (Sood and O’Brien, 1996), a
cardiotoxicant in rabbits (Joqueviel efal, 1997), and
mutagenic in Escherichia coli transfected with single-
strand DNA adducts of the chemical (Jacobsen ef al.,
1989). The metabolism of 2-chloroethanol, chloro-
acetaldehyde, and chemicals, such as ifosfamide and
vinylidene chloride, that form chloroacetaldehyde has
been studied (Jones and Hathway, 1978; Grunow and
Altmann, 1982; Joqueviel et al, 1997). Chloroacet-
aldehyde and its product chloroacetic acid are
conjugated with glutathione and further metabolized to
form thiodiglycolic acid.

Thiodiglycolic acid, shown to inhibit mitochrondrial
function in rat liver (Visarius etal., 1998), can be
further metabolized to thiodiglycolic acid sulfoxide,
thioglycolic acid, and dithiodiglycolic acid (Jones and
Hathway, 1978; Grunow and Altmann, 1982; Joqueviel
etal, 1997). Thioglycolic acid has been reported to
elicit potentially toxic effects in rats and mice (Gan
et al.,2003).

The NTP conducted single-dose intravenous toxico-
kinetic studies in F344/N rats and B6C3F1 mice of
bis(2-chloroethoxy)methane (up to 40 mg/kg in rats and
100 mg/kg in mice) and its metabolite thiodiglycolic
acid (20 mg/kg in rats and 50 mg/kg in mice)
(Appendix L). Single-dose dermal toxicokinetic studies
of bis(2-chloroethoxy)methane were also conducted by
applying the chemical (up to 400 mg/kg in rats and
600 mg/kg in mice) to a site unprotected from oral
grooming. Bioavailability of bis(2-chloroethoxy)-
methane estimated by the measurement of parent
chemical in plasma was low in both species but was
higher in rats (11.2% to 17.9% in males and 20.0% to
28.7% in females) than in mice (5.09% to 6.86% in
males and 11.9% in females). In a previous study
conducted by the NTP in which 0.1 or 10 mgkg
['*C]bis(2-chloroethoxy)methane was applied under
similar conditions to male F344 rats and male B6C3F1
mice, dermal bioavailability 24 hours after the
application was estimated to be 33% to 55% in rats and
17% to 25% in mice (RTI, 2002). Factors such as
hepatic first-pass metabolism of the parent chemical,
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FIGURE 1
Proposed Scheme for Metabolism of Bis(2-c