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1 ~ 0 IDENTITY OP SUBSTMCE

1.1 Name and Characteristics of Substance

Bis(2-chloroethyl)ether (BCEE) is a t)-chloroether which is part of a
larger class of chemicals known as the chloroalkyl ethers. BCEE is a
colourless liquid (Sax 1984) with an odour that has been described as "fruity
pungent" (Verschueren 1983), "chlorinated solvent-like" (Sittig 1981), and
"ethylene chloride-like" (Hawley 1981). BCEE has a molecular formula of
C+Clp (Sax 1984) and a molecular weight of 143.02 (Verschueren 1983). The
Chemical Abstracts Service (CAS) registry number for BCEE is 111-44-4 (CCINFO
1991). A list of synonyms and the trademark for BCEE are presented in Table
1-1. A list of the data bases used for literature searches is presented in
Appendix I. The most commonly used synonyms are dichloroethyl ether and 2,2'-
dichloroethyl ether. The molecular structure of BCEE is shown below.

H H H H
Cl-C-C-0-C-C-Cl

H H H H

1. 2 Analytical Methodology

Available information. regarding analytical methods for sampling and
analyzing BCEE in the environment is generally concerned with the monitoring
of contaminated surface and ground waters. One method involves: solvent
extraction of samples with diethyl ether in pentane, methylene chloride, or
ethyl ether in hexane; concentration with a Kuderna-Danish (K-D) apparatusI
and separation and analysis by gas chromatography with electron capture
detection (GC/EC) or gas chromatography mass spectrometry (GC/MS) (Dressman et
al. 1977, Quaghebeur et al. 1986). This basic method was expanded by McMillin
et al. (1984) to include cleanup with Florisil sorption and K-D concentration
of the sorbed fraction prior to analysis by GC/EC (EPA Method 611).

Additional procedures used by Dressman et al. (1977), in con)unction
with the basic method, included: drying of the solvent extract with
crystalline sodium sulfate prior to K-D concentration; use of two GC columns
to separate non-polar and highly polar compounds; cleanup with Florisil
sorption (and separation of dichlorobenzenes from BCEE with ethyl ether in
hexane) and with K-D concentration; and analysis by GC..

Vapour stripping (using helium or nitrogen gas) has also been utilized
to extract BCEE from samples of ground and surface water. Typically, this
step is followed by concentration of the extract with a cold or lipophilic
vapour trap, and analysis by GC/MS (Hites et al. 1979, DeWalle and Chian
1981).

An additional analytical technique has been described by Kleopfer and
Fairless (1972) for the monitoring of organic contaminants, including BCEE, in
finished drinking water. This technique involves: passing of samples through
an activated carbon filter; extraction of the carbon with chloroform on a
Soxhlet extractor; drying of the extract with anhydrous sodium sulfate; K-D
concentration; Shriner-Fuson separation of acidic, basic and neutral
fractions; and analysis by GC/MS.
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Information concerning detection limits varies among
reviewed. Quaghebeur et aI. (1986) reported 0.04 ugL'nd
(1977) reported 0.005 ugL's detection limits for BCEE in
and Fairless (1972) reported a detection limit of 0.2 ugL'PAMethod 611 was developed to detect BCEE concentrations
0.3 ugL'McMillin et al. 1984) .

the documents
Dressman et aI.
water. Kleopfer
for BCEE in water.
in water as low as

2 ~ 0 PHYSICAL AND CHEMICAL PROPERTIES

The physical and chemical properties of BCEE are summarized in Table 2-1.
The reported melting points of BCEE range from -46.7 to -51.8' (Durkin et al.1975, Hawley 1981). Weast (1984) reported a much higher melting point of -24.54
C, however, the reason for this higher value is unknown. Reported boiling pointsrange from 176'o 178.5' (Hawley 1981, Sittig 1981).

The Henry's law constant is 1.3 x 10'tmos.sn.mol'Mabey et al. 1982) andthe vapour pressure ranges from 0 ' to 1.4 mm Hg at 25' (Verschueren 1983,
CCINFO 1991).

Reported water solubilities generally fall within the range of 10,200 to17,400 mg/L (Hake and Rowe 1963, Verschueren 1983). A larger value (58,264 mg/L)has also been calculated (Veith et aI. 1980). Reported log octanol/waterpartition coefficients (low k ) for BCEE range from 0.7 to 1.58 (Hawley 1981,
CCINFO 1991). Calculated log sediment/water partition coefficients, normalizedfor organic carbon content (log K ) range from 0.80 to 1.14 (Mabey et al. 1982,Ellington et aI. 1991).

3 ~ 0 SOURCES AND RELEASES TO THE ENVIRONMENT

3.1 Natural Sources

No natural sources of BCEE have been identified.
3.2 Anthropogenic Sources

3.2.1 Manufacturing processes
BCEE can be synthesized by the direct chlorination of ethylene glycol(which is currently the only mode of production in the United States), or by thereaction of ethylene chlorohydrin (or 2-chloroethanol) with sulfuric acid (ATSDR

1989, Clement Associates 1989). Another route of BCEE production is via thechlorination of ethylene chlorohydrin at 80'C (ATSDR 1989, Clement Associates
1989). Saturation of an aqueous solution of ethylene chlorohydrin with chlorine
and ethylene may also be used to synthesize BCEE (Durkin et aI. 1975). BCEE canalso be formed as a by-product of ethylene glycol synthesis (Kleopfer andFairless 1972).

Historically, 3.2 to 4.1 kg of BCEE was formed as a by-product for every
45.5 kg of ethylene oxide synthesized in the chlorohydrin process (Durkin et aI.
1975). Reported estimates of BCEE production by this process in the UnitedStates range from 16 to 20 kg in 1960 to approximately 2 kg in 1972. BCEE was
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not produced as a by-product of the chlorohydrin process after 1972 since direct
oxidation of ethylene became an economically more feasible method of ethylene
oxide production (Durkin et aI. 1975).

3 '.2 CanadiaxL consumption

Responses to a section 16 notice under CEPA (Canada Gazette 1991a) by each
of eight companies considered most likely to be involved in commercial activities
with BCEE, revealed that this substance was not used or produced in Canada in
amounts greater than 1 kg in 1990 or 1991 (Environment Canada 1992). The
xationale for choosing the companies that were contacted was based on their known
past involvement with this compound or on the types of products they were
manufacturing. BCEE was reported to be used in Canada between 1984 and 1986
(Canada Gazette 1991b). This information was verified and was proved to be
erroneous.

3.2.3 Entry and Release

Buckman Laboratories has reported that they are presently the only
producer of BCEE in North America. (The historical uses of BCEE in North America
are reported in Table 3-1). Approximately 20% of the BCEE produced by Buckman
Laboratories in 1986 was sold in the United States as a raw material fox'he
production of polymers. Seven percent was either used to synthesize a derivative
of diquat or was recycled for use as a co-solvent (S. Helmhout, pers. comm.).
The remaining 73% of the BCEE produced by Buckman Laboratories in 1986
(approximately 2.6x104 lbs (5.7x10'g)) (S. Helmhout, pers. comm.) was used in
the synthesis of a metam-sodium fungicide. The final product contains less than
10% BCEE (S. Helmhout, pers. comm.). It is estimated that considerably less than
100 g per year of BCEE would have been released to the Canadian environment from
the fungicide Busan 77 in 1990 (Agriculture Canada - Environment Canada, 1992).
The vast majority of metam-sodium used in Canada is derived from a process which
does not involve the use of BCEE (Agriculture Canada — Environment Canada, 1992).

BCEE also enters the Canadian envixonment as a by-product from chlorination
of waste streams containing ethylene or propylene. Under the Municipal and
Industrial Strategy for Abatement (MISA) program of the Ontario Ministry of the
Environment (MOE), levels of BCEE have been detected (detection limit 4.4 pg/L)in effluent at one organic (propylene oxide) plant in Sarnia, Ontario (MOE
1991a).

Also under the MISA program, levels of BCEE have been detected (detection
limit 4.4 pg/L) in five of 12 monthly samples at an industrial plant (iron and
steel) in Burlington, Ontario (MOE 1991b). At this site the exact mechanism
resulting in the formation of BCEE remains unclear.

BCEE was also detected in 2 of 275 samples of raw sewage in Toronto,
Ontario, and one sample was detected in secondary effluent. These levels were
above the detection limit of 15 pg/L but could not be accurately quantified
because of considerations related to quality assurance and quality control (MOE
1988). BCEE was non-detectable in primary and tertiary effluent.

Estimated releases of BCEE from several chemical plants in the United
States are shown in Table 3-2. The Toxic Chemical Release Inventory (TRI) (U.S.
EPA 1990) estimated total annual releases in 1989, from ten separate chemical
plants, ranging from 0.45 to 688 kg (total 1902 kg) in the atmosphere and from
0.45 to 591 kg (total 819 kg) in the water. A chemical- company in Philadelphia,
PA indicated that they discharged approximately 61.24 kg.d'f BCEE into the
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city's sewer system during 1975 (Manwaring et al. 1977a, b).
4 . 0 ENVIRONMENTAL TRANSPORT, TRANSFORMATION AND COMCENMtATZOMS

4.1 Environmental Transport and Transformation

4.1.1 Hydrolysis

Most of the published literature regarding the fate of BCEE ia 'concerned
with hydrolysis. Richards and Shieh (1986) ranked BCEE as a persistent chemical
in the aquatic environment based on information regarding the hydrolysis of BCEE
in water. BCEE hydrolysis occurs at a slower rate in water than is observed with
alpha-chloroalkyl ethers such as chloromethyl methyl ether and bis(chloromethyl)
ether (Van Duuren et aI. 1972). Reported rate constants for the neutral
hydrolysis of BCEE in water range from 6.67x10~ min'4x10~ h') to 4.38x10 min'0.23yr') at 25 'C (Mabey et aI. 1982, Ellington et aI. 1991), with reportedhalf-life values ranging from 20 to 22 yr (Mabey et al. 1982, Milano et al.
1989).

A rate constant of &5.0x10 min'as also been reported for the hydrolysis
of BCEE in a 3sl water:dimethylformamide solution at 30'C. The correspondinghalf-life value for this reaction is )24 h. The rate constant wae measured
during an investigation of the reactivity of BCEE as an alkylating agent in
biological tissues (Van Duuren et aI. 1972). It is not known what effect
dimethylformamide has on the rate of BCEE hydrolysis in water. Information wae
not found regarding the atmospheric hydrolysis of BCEE.

The products of BCEE hydrolysis, in a 95:5 (v/v) solution of water and co-
solvent (i.e. methanol, n-propanol or acetonitrile), have been identified by
Payne and Collette (1989). Initially, 2-(2-chloroethoxy)ethanol was produced bythe hydrolysis of one of the beta carbons of BCEE. The 2-(2-chloroethoxy)ethanol
molecule was then rapidly hydrolysed by losing the remaining chlorine to form
diethyl glycol and by internal cyclization to form p-dioxane. Both of the
secondary metabolites were stable under the experimental conditions employed.

4.1.2 Photolysis
For purposes of this discussion, the oxidation of BCEE by photochemically-

generated radicals is referred to as indirect photolysis. Callahan et al. (1979)
indicated that the indirect photolysis of BCEE by hydroxyl radicals normally
present in surface waters is considered to be too slow to be environmentally
significant (Callahan et al. 1979), but that BCEE entering the atmosphere will
likely undergo photodeetruction in the troposphere. In Callahan (1979), singlet
oxygen was not considered, nor wae energy transfer from organic matter.

Reported rate constants for the indirect photolysis of BCEE in water range
from 0.4 to &6 mol'min'24 to &360 mol 'h') (Mabey et aI. 1982). A rate constant
1.07x10'm'mol'min'1.79x10" cm'mol 'eec') and a half-life of 13.44 hours have
been reported for the indirect photolysis of BCEE in the gaseous phase (U.S. EPA
1987a). The U.S. EPA (1992) estimated a half-life of 2.8 days in the atmosphere
(at OH radical concentration 1.5 x 10~ radicals cm'nd a 12 hour daylight day).
Howard et aI. (1991) estimates an atmospheric half-life of 9.65-96.5 hours.
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4.1.3 Adsorption/Desorption

The high water solubility and low log K of BCEE (Table 2-1) indicate that
the compound is unlikely to adsorb to soil and suspended sediments when present,
in surface and ground waters. However, this would depend to some extent on the
soil organic content as it would be more mobile in a sandy soil (&1% OC) than in
a muck soil or sediment (10% OC) (D. Muir, pers. comm.). As a result, BCEE will
be mobile in some soils and has the potential to contaminate groundwater supplies
(Callahan et aL. 1979, U.S. EPA 1987a, CESARS 1991).

The mobility of BCEE in soil was followed in sealed glass columns that were
packed with sandy soil (0.087% organic carbon) to a depth of 140 cm, and to which
14 cm of BCEE amended water was applied daily for 45 days. BCEE concentrations
in the column effluents reached a steady state after 25 days. On average, 86 and
91% of the applied BCEE (0.16 and 0 '6 mgL', respectively) appeared in the
column effluents by day 45 of the study. A calculated soil retardation factor
(i.e. interstitial water velocity/velocity of pollutant) of (1.5 indicated that
the movement of BCEE through the soil columns was slightly slower than water
alone (Wilson et aI. 1981) .

In a similar microcosm study, sealed glass columns were packed to an
unspecified depth with sandy soil (0.087't organic carbon). The top of each
column acted as a 45 cm tall greenhouse in which reed canary grass was grown (12
hours illumination per day) and volatilized organics could be monitored. Each
column received approximately 4.4 cm of water daily and an equal amount of
primary municipal wastewater (amended with 1.00 mgL'CEE) every 4 hours. After
7 days at 18 to 22'C, approximately 66% of the applied BCEE had been recovered
in the column effluent (Piwoni et aI. 1986).

4.1.4 Biodegradation

The biodegradation of BCEE in soils has received minimal attention in the
literature. BCEE degradation was not observed in either of the previously
discussed soil column studies (Piwoni et al. 1986, Wilson et al. 1981). BCEE has
been reported to be very persistent when used as an insecticide, acaricide and
soil fumigant (Manwaring et al. 1977a). Kincannon and Lin (1986) followed the
combined degradation of BCEE and hexachloroethane, as constituents of a hazardous
waste sludge, in soil columns for 97 days. The degradation rate constant was
0.042 per day for the first 48 days, after which the rate increased to 0.086 per
day. The change in the rate of the combined BCEE and hexachloroethane
degradation suggests that an acclimation period was required by the soil
microbes.

Information regarding the breakdown of BCEE in the aquatic environment is
conflicting. The occurrence of BCEE in the surface waters of the United States
was suggested by Durkin et aI. (1975) as'n indication that BCEE might persist
in the aquatic environment for extended periods of time. Richards and Shish
(1986) have ranked BCEE as a persistent aquatic pollutant. The breakdown of BCEE
(21.1 mgL') was observed in river water that was buffered to a pH of 7.2 and
amended weekly with settled sewage (1% v/v) (Ludzack and Ettinger 1963). A lag
period of 25 to 30 days was observed prior to the onset of biodegradation. After
65 days of incubation at 22 to 26'C, approximately 85% of the theoretical CO, was
recovered. Respiking of the teat medium resulted in a several fold increase in
the rate of CO~ evolution, indicating the importance of an acclimation period.
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In another study, the static-culture biodegradation of BCEE was
investigated using yeast extract media inoculated with settled domestic
wastewater, amended with BCEE at 5 or 10 mgL', and incubated in the dark for 7
days at 25'C. This was followed by three consecutive subcultures, each run for
7 days, for a total of 28 days of incubation. The investigators found that BCEE
was completely degraded in each of the cultures after the 7 days incubation.
Their performance summary of BCEE biodegradation indicated that the microbial
populations rapidly adapted to the compound (Tabak et aI. 1981).

The biodegradation of BCEE has also been investigated indirectly in terms
of the efficiency of different wastewater treatment systems. The greatest removal
of BCEE from wastewater was obtained by activated sludge systems, where removal
averaged 80 and 64% (Hannah et al. 1986 and 1988, respectively). These systems
were acclimated prior to the onset of sampling.

4.1.5 Volatilization
A limited amount of information regarding the volatilization of BCEE was

found in the scientific literature. Richards and Shieh (1986) ranked BCEE as a
non-volatile compound in the aquatic environment.

The U.S. EPA (1987a) calculated a half-life of 3.4 days for thevolatilization of BCEE from river water. The investigators assumed a wind
velocity of 3 msec'nd a 1 m deep river with a velocity of 1 m sec'. The method
considered the Henry's law constant and the molecular weight of BCEE. An
additional half-life of 5.5 days was reported by CESARS (1991) for thevolatilization of BCEE from an unspecified medium.

The available information suggests that BCEE is sufficiently volatile to
be transported into the atmosphere. Long-range transport of BCEE from the United
States is likely a source of BCEE to Canada, based on the emission rates
presented in Table 5-2 and the Toxic Release Inventory data (U.S. EPA 1990). The
atmospheric half-life of 13.4 hours (U.S. EPA 1987a) or 9.65-96.5 hours (Howard
et al. 1991) is sufficiently long to permit transport to Canada and deposition
in terrestrial and aquatic environments. There are very few monitoring data in
Canada, but levels in the Canadian environment are believed to be very low. BCEE
has been widely reported in U.S. surface waters (Table 6-1) ~

As a result of its high water solubility, BCEE is likely to be redeposited
during precipitation. Continuous cycling of BCEE between the atmosphere and
surface waters is, therefore, expected until it is eventually degraded (Durkin
et aI. 1975, Callahan et al. 1979).

4.1.6 Predictions of environmental fate using computer modelling

As there are few data on the environmental concentration and behaviour of
BCEE in the environment, a Level III Fugacity Model was run on BCEE in southern
Ontario (Mackay and Paterson 1991). The full computer program output is attached
in Appendix II. A worst case scenario was used based on the total U.S. TRI
estimates of release into each compartment. Underground injections were excluded
from the estimates for Canada. Thus, in the modelling exercise, the total
estimated release in the U.S., 2.715 tonnes/yr of BCEE, was released in southern
Ontario in the following proportions: air 70%, water 30% and soil 0%. The
predicted environmental concentrations at equilibrium were: 6.8 x 10~ pg/m~ in
air, 2.1 x 10'g/L in surface water, 3.0 x 10 pg/g in soil and 1.3 x 10 pg/g
in sediment. The model shows that it is the atmospheric and aquatic fate which
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are of primary concern for BCEE. Even with the worst-case scenario, the levelsin surface water are below the currently used detection limits (10-15 pg/L).

4.2 Environmental Concentrations

Based on the limited available data, the levels of BCEE in various
environmental media within Canada are generally below the detection limit of theanalytical methods used. Available information regarding the presence of BCEE ineffluents, surface and ground waters, and finished drinking water is presented
below as well as in Table 4-1.

The Ontario Ministry of the Environment (MOE 1991a), during its monitoring
program under MISA between October 1989-90, (Organic Sector) detected BCEE in aneffluent stream at one industrial site (propylene oxide) in Sarnia, Ontario. BCEE
was above the Regulation Method Detection Limit (4.4 pg/L) at five different time
periods, ranging from 6.1 to 1057 pg/L and averaging 375.3 pg/L. Between January
and December of 1991 levels were monitored by the plant, and ranged from 15 to
376 pg/L, averaging 46 pg/L. The above effluent streams are diluted with coolingwater before entering the river. Levels of BCEE at the outflow pipe were not
monitored but would likely be non-detectable as a result of the dilution. At asister plant in Alberta, where similar methodologies are used, the effluent atthe outflow pipe to the river have been monitored for a number of years. Thelevels of BCEE have consistently been below the detection limit (10 pg/L).

In the Iron and Steel sector of the MISA program, at another industrialsite in southern Ontario, levels of BCEE were detected in five of 12 monthly in-
plant samples, four times at levels of 18 pg/L and once at 9 pg L'. (MOE 1991b).
These levels result from the coking operations at the plant and are diluted with
cooling water before being discharged to local surface waters.

Levels in 50 samples of Toronto drinking water and eight samples ofbottled spring water in 1990 were below the detection limits of 0.00003 and 0.001
pg/L, respectively (Kendall 1990) . Information provided by the Alberta Ministry
of the Environment (1991) indicated that during the period between January 1986to June 1991, BCEE was not detected in 1,512 samples of treated (215 sites) and
raw (14 sites) water; only once (in 1989) was BCEE reported to be present intrace amounts (i.e. at a level below the detection limit of 1 pg/litre;considered to be an analytical error).

BCEE was detected (detection limit of 15 pg/litre) in only 2 of 275
samples of raw sewage obtained (in 1987) from 37 Ontario water pollution controlplants; these levels could not be accurately quantified because of limitationsrelated to analytical quality control (MOE 1988). However, it was not detected
in either the primary or tertiary effluent from such plants, and only found (at
a level greater than the detection limit of 3 pg/litre) in 1 of 228 samples of
secondary effluent from such facilities.

No data on BCEE associated with landfill sites in Canada was identified.
No information was identified with respect to the levels of BCEE infoodstuffs.
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In the United States BCEE was reported as an environmental contaminant
(Table 4-1). The highest concentrations of BCEE in the United States were
reported for industrial effluents '(8-170 ug.L'), and landfill leachates (12,400
ugL') (DeWalle and Chian 1981). Elevated levels were also reported in
groundwater that is associated with landfill sites (e.g. 3.1 ugL') (DeWalle and
Chian 1981) and in samples of waste water effluent from industrial facilities
(up to 160 pg/litre) (Croy et al. 1991, U.S. EPA, 1980, 1987b). According to
information available up to 1984, BCEE had not been found in 346 samples of
sediment in the United States (Staples et aI. 1985). The levels of BCEE in
drinking water supplies in the United States have been reported to range from not
quantifiable to 0.6 pg/litre, with an estimated mean of 0.1 pg/L (Croy et al.
1991, U.S. EPA 1980, ATSDR 1989).

A limited amount of information was found regarding BCEE levels in the
European environment (Table 4-1).

SoO POPULATION EXPOSURES

5.1 Exposure of Wildlife Populations

Information on environmental transport and transformation indicates that
BCEE has the potential to be persistent and mobile in the environments As a
result, wildlife populations may potentially be exposed to BCEE via airy
drinking water and food.

The presence of BCEE in air will result from the volatilization of the
compound from industrial facilities where it is released, or from contaminated
soils and surface waters. Exposure of wildlife to significant levels of BCEE
in their drinking water would likely be found only in close proximity to
industrial releases or to contaminated areas such as landfills, where
concentrations are the highest. Exposure of wildlife to BCEE via consumption
of contaminated forage plants will probably have minimal significance to
herbivorous animals since rapid metabolism of BCEE and excretion of the
metabolites occurs in mammalian species. Predatory animals will likely have
minimal exposure to BCEE as BCEE is highly soluble in water, has a low K and
will thus likely not bioaccumulate. It is not known whether BCEE is
metabolized by aquatic organisms. During a 14 day exposure, a bioconcentration
factor determined for the bluegill sunfish was very low (11) (Barrows et aI.
1978) and a biological half-life of 4-7 days was calculated.

BCEE levels in the ambient Canadian environment are very low (eg. below
detection limits). Therefore, despite the numerous pathways that exist for
the potential exposure of wildlife populations to BCEE, actual exposure in the
Canadian environment is minimal.

5.2 Exposure of the General Human Population

Identified data on concentrations of BCEE in environmental media to
which the general population in Canada is exposed are limited to a survey of a
small number of samples of treated drinking and bottled water in t'e city of
Toronto (Kendall 1990) and routine monitoring of public water supplies in the
province of Alberta (Alberta Ministry of the Environment, 1991). Data on

10
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concentrations of this compound in air and food within Canada have not, been
identified.

In some cases where data on concentrations of Priority Substances in
environmental media in Canada were not available, it has been possible to
estimate concentrations in air, water and soil based on fugacity models,
information on amounts used and physical/chemical properties. For BCEE,
however, the results of the Notice issued under subsection 16(1) of the Act
indicate that there was no commercial activity involving more than one
kilogram of this compound in Canada in 1990 and 1991. Thus, there are
insufficient data on release of this compound to serve as a basis for
prediction of human intake by fugacity modelling.

It is concluded, therefore, that available data are inadequate to
(quantitatively) estimate the total daily intake of BCEE by the general
population in Canada.

5 ~ 0 KINETICS AND METABOLISM

6.1 Absorption, Distribution and Eli~inetion
No studies were identified which provided quantitative information

concerning the extent to which BCEE is absorbed from the respiratory tract in
humans. However, Gwinner et al. (1983) reported that greater than 95't of thetotal ["C]BCEE vapour (calculated to be approximately 75 mg) introduced into a
chamber containing three male Wistar rats, was absorbed by the animals after
an 18-hour exposure period. When the tissue(protein)-associated radioactivity
(per gram of tissue) was examined after this exposure period, approximately
0.32 0 of the administered radioactivity was present in the liver, while 0.17%
and 0.12% were found in the kidney and small intestine, respectively. Only
0.07% of the administered radioactivity was present in the lungs.

Some quantitative data for the oral absorption (and elimination) of BCEE
in experimental animals has been reported. Lingg et aI. (1982) administered
(by gavage) a single dose (40 mg/kg b.w.) of [']BCEE (dissolved in corn oil)
to male Sprague-Dawley rats and monitored the amount of radioactivity
appearing in the feces, urine and expired air during the subsequent 48-hour
period. Twelve hours after administration of ["C]BCEE, 50% of the
radioactivity had been lost in the urine and exhaled air (as ["C]CO ). Lingg
et aI. (1979) estimated that less than two percent of the administered
radioactivity that was expired through the lungs was exhaled as the parent
compound. Forty-eight hours after oral administration of ["C]BCEE,
approximately 65% of the radioactivity was excreted in the urine and 11.5%
exhaled from the lungs, (total loss of 76%). Approximately 2.3% and 2.4% of
the administered radioactivity remained in the organs (and tissues) and feces,
respectively. Approximately 1%, 0.56%, 0.49% and 0.19% of the radioactivity
was retained in muscle, kidney, blood and liver, forty-eight hours after
administration of ["C]BCEE.

Smith et aI. (1985) reported that 24, 48 and 72 hours after the oral
administration (by gavage) of ["C]BCEE (at a dose of 10 mg/kg b.w., in a
solution containing ethanol, Emulphor and distilled water) to two female
Rhesus monkeys, approximately 43%, 56%, and 58% of the administered
radioactivity had been eliminated in the urine. Seventy-two hours after
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administration of [']BCEE, less than 2% of the radioactivity was recovered in
the feces.

No studies were identified which provided quantitative 'nformation
regarding the dermal absorption of BCEE in either humans or animal species.
However, based on the results of studies in which the acute dermal toxicity of
BCEE in experimental animals was examined (see section 7.1), it is likely that
BCEE is readily absorbed through the skin. Upon absorption, BCEE is rapidly
metabolized and excreted, and does not appear to accumulate to any significant
extent within any particular organ or tissue.

6.2 Xetaholisa
Information concerning the metabolism of BCEE in humans was not

identified. In experimental animals, BCEE is readily metabolized following
absorption, with urinary excretion being the major route of BCEE elimination.
Thiodiglycolic acid (TGDA) was the principal metabolic product (representing
50% to 80% of the total metabolites) found in the urine of rats administered
BCEE either orally, by intraperitoneal injection, or by inhalation (Lingg st
al. 1979, 1982; Muller et al. 1979, Norpoth et al. 1986). 2-Chloroethoxy-
acetic acid, N-acetyl-S-[2-(2-chloroethoxy)ethyl]-L-cysteine, 2-chloroethyl-p-
D-glucosiduronic and acid S-carboxymethyl-L-cysteine, are minor (each
comprising less than 10% of the total) metabolites found in the urine of rats
administered BCEE (Lingg et al. 1979, 1982; Muller et al. 1979). Lingg et al.
(1982), reported that in male Sprague-Dawley rats administered (by gavage) a
single dose (40 mg/kg b.w.) of ["C]BCEE (dissolved in corn oil), approximately
12% of the radioactivity was metabolized to ["C]CO .

The pathways involved in the metabolism of BCEE have not been
unequivocally defined (Figure 1). The formation of TDGA from BCEE requires a
number of steps (Lingg et al. 1979, 1982; Muller et al. 1979, Norpoth et al.
1986; Gwinner et al. 1983, ATSDR 1989). BCEE is thought to undergo oxidative
degradation (involving ether cleavage) to produce chloroacetaldehyde and
chloroethanol (which itself is rapidly converted to chloroacetaldehyde). It
ie believed that chloroacetaldehyde is subsequently converted to chloroacetic
acid, which after conjugation with glutathione and further (as yet undefined)
modification, produces TDGA.

The formation of N-acetyl-S-[2-(2-chloroethoxy)ethyl]-L-cysteine is
thought to involve the direct substitution of one of the chlorine atoms in
BCEE with cysteine (ATDSR 1989, Lingg et al. 1982). Since S-carboxymethyl-L-
cysteine has not been detected in all studies which have examined the
metabolism of BCEE, it hae been postulated to be an intermediate in the
synthesis of TDGA (Lingg et al. 1982). 2-Chloroethyl-[)-D-glucosiduronic acid
may be produced by alky~ values of 75 mg/kg b.w. and 105 mg/kg b.w. for the
oral administration of BCEE to rate have been reported (Smyth and Carpenter
1948, Spector 1956 also cited in Durkin et al. 1975). Oral LD~ values for
BCEE administered to mice and rabbits have been reported to be 136 mg/kg b.w.
and 126 mg/kg b.w., respectively (Spector 1956 also cited in Durkin et al.
1975).
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7 ~ 0 MAMMALIAN TOXICOLOGY

7.1 Acute Toxicity
The acute toxicity of BCEE has been examined in a number of studies.

Although complete experimental details were not always provided in thesereports, it is clear that BCEE is acutely toxic following inhalation, dermal
or oral exposure.

The exposure of guinea pigs to 1,000 ppm (5,850 mg/m') BCEE for 3.8 to
5.5 hours resulted in the death of the animals (Schrenk et al. 1933)-.
Exposure to 260 ppm (1,521 mg/m') BCEE resulted in the death of the animalsafter 7.5- to 12.3-hours of continuous exposure, while no deaths were observedafter exposure to 35 ppm (205 mg/m') BCEE for up to 13.5 hours, although
slight nasal irritation was observed within 3 to 10 minutes of exposure atthis concentration of BCEE. LC» values of 1,000 ppm (5,850 mg/mP) and 20 ppm
(117 mg/m') were estimated from studies in which (Sherman strain) rats were
exposed to various concentrations of BCEE for 0.75 and 4 hours, respect'ively
(Smyth and Carpenter 1948, Carpenter et aI. 1949).

LD» values of 75 mg/kg b.w. and 105 mg/kg b.w. for the oral
administration of BCEE to rats have been reported (Smyth and Carpenter 1948/
Spector 1956 also cited in Durkin et aL. 1975). Oral LD» values for BCEE
administered to mice and rabbits have been reported to be 136 mg/kg b.w. and
126 mg/kg b.w., respectively (Spector 1956 also cited in Durkin et aI. 1975).

The acute dermal toxicity of BCEE hae also been examined. In one study
with guinea pigs, Smyth and Carpenter (1948) reported an LD» for BCEE (applied
ae a poultice for 24 hours) of 366 mg/kg b.w. LD» values for the dermal
exposure of rabbits to BCEE have ranged from 90 to 870 mg/kg b.w. (Dow
Chemical (no date given) cited in Durkin et al. 1975, Union Carbide 1948 citedin ATSDR 1989, Spector, 1956).

Acute exposure of guinea pigs to BCEE vapours caused eye irritation (asindicated by squinting and lacrimation) as well as congestion, edema and
haemorrhage in the lunge; liver, kidney and brain congestion were also noted
(Schrenk et al. 1933). The severity of the toxicological effects produced bythe higher concentrations of BCEE was also related to the length of time thatthe animals were exposed to this substance. No "significant" gross pathology
was found in control animals not exposed to BCEE (Schrenk et al. 1933).

7.2 Short-tera and Sub-chronic Toxicity
Information on the effects of the short-term or subchronic exposure of

animals to BCEE is limited primarily to range-finding studies, whose aim was
to obtain the maximum tolerated dose (MTD) of BCEE which could be used in
carcinogenicity bioassays.

Theies et al. (1977) reported the MTD of BCEE in A/St male mice
(receiving six intraperitoneal in)ections over a two-week period) to be 40
mg/kg b.w. The administration (route not clearly specified) of nineteen daily
doses (100 mg/kg b.w.) of BCEE (deemed to be the MTD) to two strains of hybrid
F~ mice (strain "(C57BL/6 x C3H/Anf)F," and strain "(C57BL/6 x AKR)F,") wae
reported to have no effect on mortality, although other toxicological effects
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were not mentioned (Innes et aI. 1969).

In an unpublished study performed by Dow Chemical (cited in Durkin etal. 1975, ATSDR 1989) the exposure of rats and guinea pigs (strain and number
not specified) to BCEE (at a single concentration of 69 ppmy 404 mg/m ) for 7
hours per day, five days a week for up to 130 days (for a total of 93
exposures), produced "significant" growth depression in the males of both
species, but no adverse effects on behaviour, appearance, mortality,
hematology, and no gross signs of pathological effects in the liver, kidney,heart, spleen, adrenals or pancreas; no general systemic, reproductive or
neurological effects were observed following this exposure regimen.

7.3 Chronic Toxicity and Carcinogenicity
Studies on the toxicological effects produced by the chronic exposure of

experimental animals to BCEE have focused on its carcinogenic potential. It
should be noted however, that there are numerous deficiencies in all of these
studies, Compared to the more stringent protocols used in current
carcinogenicity bioassays.

Innes et al. (1969) assessed the carcinogenicity of BCEE following oral
adminstration to mice. Groups of 18 males and 18 females from two strains of
hybrid mice (see Table 7-1) were fed (by stomach tube) approximately 100 mg/kg
b.w. BCEE (dissolved in distilled water) from the age of 7 to 28 days
(althouqh the amount of BCEE was not ad)usted during this period to account
for weight gain). (Based on preliminary studies by tnese autnors, a aose or
100 mg/kg b.w. BCEE was considered to be the MTD). Once the mice had reached
four weeks of age, the BCEE was then provided in the diet at a concentration
of 300 ppm (a level considered to provide the MTD) until the mice were 18
months of age, after which time they were sacrificed and necropsied. The
time-weighted-average dose for these studies was calculated to be 41.3 mg/kg
b.w./day (U.S. EPA 1987b). Controls consisted of similarly-sized groups of
animals of both strains and sexes. "Hepatomas" (representing benign hepatomas
and malignant tumors), tumors of the pulmonary system (adenomas and
adenocarcinomas) and lymphomas (Type-B reticulum cell sarcomas and leukemias)
were the predominant types of tumors observed in these animals. The authors
concluded that while the incidence of "hepatomas" in male mice of both
species, and in female "(C57BL/6 X C3H/Anf)F," strain mice administered BCEE
was significantly increased (p=0.01) over that observed in controls, the
incidence of pulmonary tumors (either type was not distinguished) or lymphomas
were not significantly increased in the BCEE-exposed animals of either sex.
Clinical, biochemical or haematological effects were not addressed in the
published account of this study.

Weisburger et aI. (1981) reported that the oral administration of BCEE
to rats had no significant carcinogenic effect. BCEE (dissolved in a solution
containing sodium chloride, Polysorbate 80, carboxy-methylcellulose and benzyl
alcohol) was administered (by gavage) to groups of 26 male and 26 female
Charles River CD rats (at doses of 50 and 25 mg/kg b.w.) twice weekly for 78
weeks, after which time the animals were observed for a further 26-week
period. These doses of BCEE were considered to be the MTD and one-half that
level. The animals were necropsied and tissues examined histopathologically,
either at the end of the study or when the animals became moribund. Control
groups of each sex (the size of which was not clearly stated) were
administered vehicle alone. The authors reported (although no data on tumor
incidence were presented) that BCEE was not carcinogenic in these male or
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female rats. However, the authors indicated (but results were not quantified)that there was a "substantial difference" between the mean weight of the
females administered (both doses of) BCEE and corresponding controls, as well
as "a reduction" in the mean weight of the high-dose male rats, compared to
the controls. Notably, survival after 52 weeks on the study was only 65% forthe high-dose females and 96-100% for the other BCEE-exposed animals. The
survival for the control animals at 52 weeks was 97% and 99% for males and
females respectively. Clinical, biochemical or haematological effects were
not addressed in the published account of this study.

Theiss et aI. (1977) assessed the potential of BCEE to produce lung
tumors in mice. Groups of 20 male A/St mice were injected intraperitoneally
three times a week with 8, 20 or 40 mg/kg b.w. BCEE (dissolved intricaprylin). Mice- injected with 8 and 20 mg/kg b.w. BCEE received a total of
24 injections while animals administered 40 mg/kg b.w. BCEE only received 4injections. Controls (20) were injected with vehicle (tricaprylin) alone.
The mice were sacrificed 24 weeks after the initial injection and the number
of surface lung tumors (adenomas) determined. The incidence of lung tumors
(expressed as the number of lung tumors/mouse) in the BCEE-exposed animals was
lower than that observed in animals injected with vehicle alone.

The ability of BCEE to induce tumors in mice was also investigated by
Van Duuren et al. (1972). Groups of 30 female ICR/HA Swiss mice were injected
(subcutaneously) with 1 mg of BCEE (suspended in 0.05 ml Nujol) once a week
for life (median survival time of animals was 656 days). Compared to the
animals injected with vehicle alone, where no tumors developed at the site ofinjection, 2/30 animals injected with BCEE developed sarcomas at the site ofinjection. Norpoth et aI. (1986) also examined the carcinogenicity of BCEE
following subcutaneous administration, in a study in which groups of 50 male
and 50 female Sprague-Dawley rats were injected subcutaneously with either
4.36 pmole (0 '2 mg) or 13.1 pmole BCEE (1.87 mg) (dissolved in 0.25 ml DMSO)
once a week over a two-year period. Controls were inoculated with DMSO
(alone) or left untreated. The incidence of tumors in the BCEE-exposed
animals was found to not be significantly different from that observed in the
controls. The median survival times of the BCEE-treated and control animals
were also not dramatically different.

Van Duuren et aI. (1972) assessed the skin tumor initiating potential of
BCEE. One milligram of BCEE (in 0.1 ml benzene) was applied to the skin of 20
female ICR/Ha Swiss mice. Two weeks later the secondary (promotion) treatment
(2.5 pg phorbol myristate acetate (PMA) in 0.1 ml acetone, three times weekly)
commenced and was maintained for the lifespan of the animals. Compared to
controls (administered PMA alone) where 2/20 animals developed papillomas,
3/20 of the BCEE-initiated animals developed papillomas at the site of
application. Data on animals exposed to benzene alone were not presented.

7.4 Nutagenicity and Related End-Points

A moderate number of investigations have been performed to assess the
genotoxic potential of BCEE. These studies have yielded somewhat equivocal
results; however it should be noted that detailed descriptions of the
experimental conditions were not provided, making interpretation of the
results difficult.

The mutagenic activity of BCEE in bacteria has been examined using a
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number of strains, in the presence and absence of activating systems. Simmon
et al. (1977a) reported BCEE (vapour) to be strongly mutagenic in
S.typhimurium TA100 in the absence of g.microsomal activating system, with the
number of revertants increasing with the duration of the exposure period.
Simon et al. (1977b) also reported that in suspension assays, BCEE was
mutagenic in S.typhimurium strains TA1535 and TA100, as well as in S.
cerevisiae D3. Norpoth et aL. (1986) reported "weak" mutagenic activity in
S.typhimurium TA100 (in the presence of an activating system) when BCEE (up to
40 pg/dish) was added directly to culture plates. Mortelmans et aI. (1986)
reported that BCEE (up to 10 mg/plate) had "weak" mutagenic activity in a
number of S.typhimurium strains (TA100, TA1535, TA1537, TA98), either in the
presence or absence of an activating system.

Shirasu et aL. (1975) reported (in abstract form) that BCEE was
mutagenic in various strains of E.cori, B.subtilus and S.typhimurium, although
no experimental details were provided. In contrast, Quinto and Radman (1987)
reported that BCEE was not mutagenic in the MT 103, MT 119 and MT 126 tester
strains of E.coli, although complete experimental details were not provided in
this published account.

To examine the mutagenicity of BCEE in mammals, Jorgenson et aI. (1977)
performed heritable translocation assays in mice administered BCEE orally.
They concluded that BCEE did not promote heritable translocations (and was
therefore not likely to be mutagenic); however few experimental details were
provided in this published account.

Based on an experiment conducted by Gwinner et al. (1983), in which
male Wistar rats were exposed to approximately 75 mg of ['~C]BCEE vapour for
18-hours, and tissues analyzed for the irreversible binding of radioactivity
with proteins, DNA or RNA, it appears that while BCEE (or its metabolites) can
bind covalently with cellular proteins, it does not interact with nucleic
acids.
7.5 Other Toxicity Studies

No other information was identified regarding the reproductive,
developmental, immunological or neurological toxicity of BCEE.

8 ' EFFECTS ON HUMANS

Schrenk et al. (1933) reported that the "brief" (time not stated)
exposure of male volunteers to concentrations of BCEE ranging from 550 to
1,000 ppm (3,218 to 5,850 mg/m3) caused extreme irritation to the eyes
(lacrimation) and nasal passages, such that exposure was considered
intolerable. Deep inhalation of BCEE also caused nausea. The intensity of
such effects gradually declined as the concentration of BCEE was lowered from
260 ppm (1,521 mg/m') to 100 ppm (585 mg/m'); exposure to 35 ppm (205 mg/m')
BCEE was reported to be "only slightly offensive and practically free from
irritation".

The death of a worker in a fulling mill (textile factory) was attributed
to the inhalation of BCEE, but no details were provided (Elkins 1959 cited in
Durkin et al. 1975). There has been an anecdotal report on the occurrence of
dermatitis in textile workers exposed to resins containing BCEE (Kirwin and
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Sandmeyer 1981) ~ No data on the effects of chronic exposure to BCEE on human
health have been identified.

9.0 EPPECTS OH THE ECOSYSTEM

Data on multicomponent microcosm studies were not identified. A single
microcosm study (Piwoni et al. 1986) monitored the volatilization of BCEE and its
movement through the soil following application to the soil surface. Although
reed canary grass was grown in the headspace of the sealed glass columns, the
uptake of BCEE by the plants was not followed. No other components were included
in the microcosm.

For microbes, anaerobic microbial degradation is not inhibited by BCEE
(Johnson and Young 1983). BCEE concentrations ranging from 1 to 100 mgL'ad
virtually no effect on the ability of microbial populations to produce CH, and
CO~. Anaerobic activity in the test vessels, relative to the controls, ranged
from 90 to 99% for a 5-hr test and from 97 to 99% for a 285-h test. In another
study, the toxicity response of a chemical manufacturer's wastewater treatment
system to BCEE was assessed in model ponds at concentrations of 3 and 10 mgL'.
Modelled systems were designed to mimic primary (anaerobic), secondary
(anaerobic-facultative), and tertiary (facultative-aerobic) treatment ponds. No
apparent adverse responses to the two BCEE concentrations were observed in the
biological systems of any of the model ponds (Ramey and Davis 1989). In a third
study, the inhibitory effects of BCEE on the growth of heterotrophic micro-
organisms indigenous to three industrial waste stabilization pond influents were
assessed using the spread plate method (Cho et al. 1989). The investigators
calculated a combined LC~ of 2160 mg.L'or this effect. BCEE is apparently not
toxic or bacteriostatic at concentrations as high as 500 mgL'. However,
inhibition of nitrification processes may occur at BCEE concentrations &3 mgL'CESARS1991).

The contact toxicity of BCEE to earthworms (Eisenia fetida) was studied as
a screening test for determining the impact of potentially toxic chemicals in
soil-applied wastes (Neuhauser et al. 1985a, 1985b). A 48-h LC~ of 19 ug cm~ was
calculated after individual worms were exposed to treated filter paper in glass
vials. Unfortunately, these results cannot be extrapolated to a field situation.

In a review of phytotoxicity, Durkin et al. (1975) cited a study in which
BCEE was reported to be highly toxic to sugar beets when used as a soil
nematocide applied at a rate of &150 ml BCEEm'f soil. It is not known if the
BCEE was in a carrier for these tests. The soil concentration of BCEE
corresponding to this application rate was not reported. Manwaring et al.
(1977a) reported that BCEE was phytotoxic when used as an insecticide, acaricide
and soil fumigant.

The water flea (Danhnia maana) was used as a test organism to determine the
acute toxicity of BCEE to zooplankton. Bioassays were carried out using static
test conditions, nominal concentrations of BCEE, and an average water temperature
of 22 'C. Daohnia maana LC~'s of 340 and 240 mgL'ere determined for 24 and
48-h exposure periods. A No Discernible Effect Concentration of &7 ~ 8 mgL'as
calculated for the same organism.

The acute toxicity of BCEE to bluegill sunfish (Leoomis macrochirus) was
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determined under static, unmeasured concentration test conditions. The estimated
24 and 96-h LC50's were &600 mg/L and 600 mgL'or 24 and 96-h exposures,
respectively (Buccafusco et aI. 1981). Observations on the solubility of BCEE
indicated that it did not completely dissolve in the test water at an average
temperature of 22'C. This is unusual considering the high water solubility.
Konemann (1981) reported a 7-d LC~ of 54.4 mgL'or 2 to 3-month-old guppies
(Poecilia reticulata). Fathead minnows (Pimeohales aromelas) in the embryo-
larval stage were found to suffer no adverse effects following exposure to a BCEE
concentration of 19 mgL'or 28 days (U.S. EPA 1978 in U.S. EPA 1980).

A single study was found concerning the bioconcentration of BCEE in
aquatic organisms. The uptake of "C-labelled BCEE was followed in bluegill
sunfish exposed to a mean, flow-through concentration of 9.91 ugL'or 14 days
at approximately 16'C. A bioconcentration factor of 11 was calculated using the
whole body levels of BCEE in the fish at equilibrium. Following exposure, fish
were transferred to BCEE-free water and the depuration followed. The depurationhalf-time was calculated to be between 4 and 7 days (Barrows et aI. 1978). The
investigators concluded that compounds with bioconcentration factors less than
or equal to 1000 and with biological half-lives of less than or equal to 7 days
would not be concentrated or retained to any great degree by aquatic organisms.
Citing an inverse relationship between the water solubility of a compound and its
bioconcentration, Durkin et aI. (1975) calculated that the "ecological
magnification" (concentration in organisms/concentration in water) of BCEE was
1. The U.S. EPA (1980) has also calculated bioconcentration factors that range
from 6.9 to 11.7. These calculated values are based on correlations between
bioconcentration and water solubility or K , and on an extrapolation of the
Barrows et al. (1978) data to aquatic organisms with different lipid content.

No information was found on the effects of BCEE on the ozone layer or
global warming; however, in view of its relatively short atmospheric lifetime,
effects on these environmental parameters would not be anticipated.

10. 0 OTHER PERTINENT DATA

No other pertinent data were identified.
11. 0 CURRENT REGULATIONS I GUIDELINES AND STANDARDS

11.1 Wildlife Populations

The current regulations, guidelines and standards for the presence of BCEE
in air and water (none found for BCEE in food or soil) are reported in Table 11-
1. The Ontario Ministry of the Environment (MOE) and Ministhre de 1'Environnment
du Quebec are apparently the only Canadian jurisdictions to develop any
guidelines for BCEE. The single guideline adopted by the Ontario MOE (i.e. 0.2
mg.L') is an advisory for odour in water. Quebec has adopted the V.S. EPA (1980)
human health criteria of 3.0 x 10'g/L for the consumption of fish and water and
0.00136 mg/L for the consumption of fish only. These values correspond to an
increase in cancer risk of one in one million individuals. The majority of the
advisories reported in Table 11-1 are for jurisdictions in the United States.
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11.2 Human Populations

BCEE has been considered to be a probable human carcinogen (Group B2); the
excess lifetime cancer risk, estimated by the U.S. Environmental Protection
Agency from application of the linear multi-stage model, was 3.3 X 10~ perpg/litre for ingestion of BCEE (via drinking water) and 3.3 X 10~ per pg/m'or
inhalation of BCEE (U.S. EPA 1991).

BCEE has been considered by IARC to be "not classifiable as to its
carcinogenicity in humans" (Group 3) (IARC 1987).
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TABLE 1-1: SYNONYMS FOR BIS (2-CHLOROETHYL) ETHER

1,1'-oxybis (2-chloro)ethane (1)
l,l-oxybis (2-chloro)ether (4)
1,5-dichloro-3-oxapentene (5)

1-chloro-2-(B-chloroethoxy)ethane (1)2,2'-dichlor-diaethylaether (German) (1)2,2'-dichloroethyl ether (1)2,2'-dichlorethyl ether (1)
2,2'-dichloorethylether (Dutch) (1)2,2'-dicloroetiletere (Italian) (1)

2-chloroethyl ether (5)
B,B'-dichloroethyl ether (1)

B,B'-dichlorodiethyl ether (1)
bis(B-chloroethyl) ether (1)
bis(chloro-2-ethyl) oxide (5)
di(B-chloroethyl) ether (1)

dichloroether (2)
dichloroethyl ether (1)
dichloroethyl oxide (1)

di(2-chloroethyl) ether (4)
dwuchlorodwuetylowy eter (Polish) (1)

ethane, 1,1'-oxybis(2-chloro) (2)
ether dichlore (French) (1)
ether, bis(2-chloroethyl) (5)
ether, bis(chloroethyl) (5)

oxyde de chlorethyle (French) (1)
sym-dichloroethyl ether (1)

chloroethyl ether (2)Chlorex'6)
DCEE (2)
BCEE (3)

diethylene glycol dichloride (5)

References: (1) Sax 1984
(2) RTECS 1991
(5) CESARS 1991

(3) Sittig 1981
(4) CCINFO 1991
(6) Hawley 1981

'rademark for 2 2'-dichloroethyl ether (Hawley 1981)



TABLE 2-1: PHYSICAL AND CHEMICAL PROPERTIES OF BIS (2-CHLOROETHYL)
ETHER

CAS NUMBER

MOLECULAR FORMULA

MOLECULAR WEIGHT

PHYSICAL STATE

111-44-4 (1)

C4HqC 1~0 ( 2 )

143. 02 (3)

(10)

Colourless liquid; (2)
Fruity, pungent odour; (3)
Chlorinated solvent-like
odour; (18)
Ethylene chloride-like
odour;

HENRY'S LAW CONSTANT
(Pa m'mol ')

1.3 (4)

MELTING POINT ('C) -24. 5 (19)
-46. 7 (5)
-46.8 (1)
-50 (3)
-51. 8 (10)

BOILING POINT ('C) 178. 0 (1)
176 — 178 (18)
178.5 (10)

FLASH POINT ('C)

AUTOIGNITION POINT ('C)

VAPOUR PRESSURE (kPa)

VAPOUR DENSITY (Air = 1)

SPECIFIC HEAT
(Calories mol ')

55 (18)
84 (5)

368 (10)

0.053
0.093
0.095
0.097
0.187
4.93

0.369

20'C (1)
9 20'C (2)
8 20'C (3 )

(5)
8 25'C (3)

(3)

(5)



TABLE 2-1 (cont'd): PHYSICAL AND CHEMICAL PROPERTIES OF BIS(2-
CHLOROETHYL) ETHER

SOLUBILITY IN WATER (mg L') 58 264
17 195
11 000 l9 20'C

10 200
10 700
17 400 6 20'C

(12)
(12)

(7)
(3)
(5)

(14 & 15)

SPECIFIC GRAVITY 1. 22 1 20'C/4 C
1. 2220 0 20'C/20'C
1. 2199 9 20'C/4'C
1.213 9 20'C/4 C

(3)
(2)
(5)
(9)

LOG OCTANOL/WATER PARTITION
COEFFICIENT (log K )

1.00

1.46
0.7
1. 12

1. 58

1.29

(16)

(4)
1.48 (1)

(8)
(12)
(10)
(13)

LOG SEDIMENT/WATER PARTITION 1.14
COEFFICIENT (log K )

0.8

(4)

(16)

REFRACTIVE INDEX 1.457 0 20'C (10)

1.4572 0 20'C (53

1.4575 9 20'C (19)

SURFACE TENSION
(Dynes cm

42 (5)

37. 9 9 19'C (6)

DIELECTRIC CONSTANT

VISCOSITY

21 (5)

2.372 (1)



TABLE 2-1 (cont'd): PHYSICAL AND CHEMICAL PROPERTIES OF BZS (2—
CHLOROETHYL) ETHER

HYDROLYSIS RATE CONSTANT &5.0 x 10 min' 30'C
(3:1 water:dimethyl-
formamide) (11)
0.23 yr' 25'C

(Water)
4 x 10+ h ' 25'C

(Water)

(16)

(4)

PHOTOLYSIS RATE CONSTANT 1.79 x 10" cm'mol 'sec
(Gaseous) (14)
24 — &360 mol'h'4)
(Water)

HALF-LIFE (t,~)
WATER &24 h 9 30'C

(Hydrol; 3: 1 water: dimethyl-
formamide) (11)

1-6 mo. (est.) (21)

AIR

20 yr 9 25'C (Hydrol) (4)

22 yr 9 25'C (Hydrol) (17)

13.44 h 9 25 C

(Indirect Photolysis) (14)
9.65 — 96.5 hr. (est.) (22)

SOIL 1-6 mo. (est. ) (21)

References:
(1) CCINFO 1991
(2) Sax 1984
(3) Verschueren 1983
(4) Mabey et aZ. 1982
(5) Durkin et al. 1975
(6) HSDB 1990
(7) Mackison et al. 1981
(8) Isnard and Lambert 1988
(9) Smith et al . 1985
(10) Hawley 1981
(11) Van Duuren et al. 1972
(12) Veith et al. 1980
(13) Croy et al . 1991
(14) U.S. EPA 1987

(15) Hake and Rowe 1963
(16) Ellenton et al. 1989
(17) Milano et al. 1989
(18) Sittig 1981
(19) Weast 1984
(20) EPA 1989
(21) Howard et al. 1991



TABLE 3-1: HISTORICAL USES OF BIS(2-CHLOROETHYL) ETHER

1.
2.
3.
4.
5.

1% water suspension — insecticidal soil fumigant;Insecticide, acaricide, and soil fumigant;Intermediate in the production of pesticides;Gasoline additive to scavenge lead deposits;
Synthesis of morpholine, N-substituted morpholine, and divinylethyl;

7.
8.

10.

Synthesis of plasticizers, synthetic rubbers, pharmaceuticals,medicinals and resins;
Solvent in the production of inner tubes;
Aqueous solution — soil disinfectant against Japanese beetlegrubs and wire grubs;
Synthesis of amino ethers (inhibitors, antioxidants, and anti-knock compounds);
One of three ways to synthesize morpholine;

11.
12.
13.

14.
15.

Synthesis of 4-aminomorpholine (reaction with hydrazine);Synthesis of divinyl ether;
Used with 1,3-dichloropropene and 1,2-dichloropropane inmicrocapsules as a nematocide;
Used to prepare good impact resistent styrene copolymers;Synthesis of B-(B-chloroethoxy)phenetole analogues of DDT;

16.
17..
18.

19.
20.

Synthesis of surfactants;
General solvent;
Selective solvent for the production of high-grade lubricatingoils;
Textile grease-spotting, scouring and cleansing;
Removal of paint and tar brand marks from raw wool;

21.
22.
23.
24.
25.

Spotting and dry cleaning;Insecticide manufacturing;
Constituent in paints, lacquers, varnishes and finish removers;Processing of fats, waxes, greases and cellulose esters;Manufacture of butadiene;

26.
27.

28.

Solvent for fats, waxes and greases;
Separation of lubricating stocks into paraffinic and naphthenicfractions; and
Incorporated into scouring and fueling soaps.

SOURCES: Durkin et al. 1975; Manwaring et al. 1977a; Fishbein 1979;Hawley 1981; Verschueren 1983; Smith et al. 1985; Clement Associates1989.



TA8LE 3-2 ESTIMATED ANNUAL RELEASES OF 8IS(2-CHLOROETHYLI ETHER TO THE ENVIRONMENT IN THE UNITED STATES

SOURCE RELEASE DATE RECEIVING MEDIUM RELEASE TYPE RELEASED AMOUNT

IANNUAL TOTALI

REFERENCE

Chemical Plant
Convent. LA

1989

1989

Air

Water

Non-point

Point

26.4 kg

0.91 kg

U.S. EPA 1990

U.S. EPA 1990

Chemical Plant
Weatlake. LA

1989

1989

Air

Water

Point

Point

36.4 kg

591 kg

U.S. EPA 1990

U.S. EPA 1990

Chemical Plant
Cadet, MO

1989

1989

1989

Air

Air

Water

Non-point

Point

Point
(aubaurfscal

227 to 454 kg

0.45 to 227 kg

0.45 to 227 kg

U.S. EPA 1990

U.S. EPA 1990

U.S. EPA 1990

Chemical Plant
Memphi ~, TN

1989

1989

Air

Air

Non-point

Point

688 kg

0.45 kg

U S. EPA 1990

U.S. EPA 1990

Chemical Plant
Pasadena. TX

1989

1989

Air

Air

Non-point

Point

282 kg

9.1 kg

U.S. EPA 1990

U.S. EPA 1990

Chemical Plant
Saint Louis, MO

1989 Air Non-point 0.91 kg U.S. EPA 1990

Chemical Plant
Gregory. TX

1989 Air Non- point 1.36 kg U.S. EPA 1990

Chemical Plant
Dayton, NJ

1989 Air Non-point 0.45 to 227 kg U.S. EPA 1990

Chemical Plant
Naw Castle. DE

1989

1989

Air

Air

Non-point

Point

200 kg

409 kg

U.S EPA 1990

U.S. Ef'A I 990

Chemical Plant
Phildelphi ~ . PA

1975 Water Point 61.24 kg day'anwsnng ar al.

1977a 1977b



TABLE 4- I: ENVIRONMENTAL CONCENTRATIONS OF BIS(2-CHLOROETHYLI ETHER

LOCATION MATRIX CONCENTRATION
(MEAN &/OR RANGE)

NUMBER OF

SAMPLES
COMMENTS REFERENCE

Canada

Toronto, ONT Finished drinkinq Not detected 50 Detection limit = 0.03 nq ''endall 1990

United States

Phildalphia, PA

(1975-1977)
Finished drinkinq

water
Not quantified NR Su(fat er el. 1980

Phildelphia, PA

(Apr - Jul 1975)

Finished drinking water

Delaware River

Not quantified

Not detected;

NR

NR Upstream of water treatment
plant: Detection limit NR

Keith er ek 1976

Manwaring er ek 1977b

(Apr - Jul 1975)

(Feb - Jul 1975)

Rsw drinkinq water

Finished drinking water

003- &I ug 'L

0.04 - 0.6 ug
''R

NR

Msnwsrinq er al. 1977b

Manwsrinq er el. 1977b

(April 1975) Surface water Trace NR Upstream of chemical plant;
Detection limit NR

Menwarinq er ek 1977b

(Msy 1975)

(Apr - Msy, 1975)

(Apr - Jul, 1975)

Cooling water discharge

Chemical plant process
e I fluent

Treated sewage effluent

&0.15 uq

''.46

- 41 ug

''.23

- 10 ug

''R
NR

Chemical plant coolinq water

Effluent discharged to city
sowof system

Downstream from chemical plant

Msnwaring er el. 1977b

Msnwaring er el. 1977b

Manwsrinq er OL 1977b

Philadelphia, PA Drinking water 0.45 uq''R Symons er el. 1975

Dalwsro R&ver at
Philadelphia, PA

Surface water Trace March. 1977 Sheldon snd Hitoa
197B

Surface water Trace October, 1976 Sheldon snd Hitos
1978

Rsw drinkinq water

Treated sewage
effluent

0.4 to 0.5 uq ''0

uq L'R Durkin er el. 1975

Durkin er el. 1975

New Of(esne snd Baton
Rouge. LA

Suffsco watef 0.04 to 0.16 uq ''0.11

uq ''ean) Pollifzsri er ~ /. 1979

Naw Orleans. LA Finished drinking
wa'tef

0.04 to 0.44 uq L'R Keith er ak 1976



TABLE 4-1 (cont'd): ENVIRONMENTAL CONCENTRATIONS OF BIS(2-CHLOROETHYLi ETHER

LOCATION MATRIX CONCENTRATION
(MEAN 8/OR RANGEI

NUMBER OF
SAMPLES

COMMENTS REFERENCE

Houston, TX Surface water 1.4 ug''elbzzsn et ol. 1979

Nitro, WV Surface water 0.041 ug L NR Rosen er ol 1963

Nitro, WV Finished drinking
water

0.2 ug''op water Dawalla snd Chion 1981

Landfill leachate 12 400 ug''eWella dnd Chien \ 981

Groundwster 3.1 ug''dWslle ond Chisn 1981

Mexey Flats, KT

West Valley, NY

Trench leachate Not quontffied NR Four trenches used for dicposol
of low-level radioactive wastes

Francis er ol. 1980

Love Conol, NY Soil Not quantified NR Haucer and Brombarg 1982

Uncpecified locations
in United States

Sediments

B&ota

Not detected

Not detected

346

114

Stoplac cr ol. 1985

Stsplec er sl, 1985

Surface water &10 ug 'L 808 Detectable in 3
(Madioni

Staples er ol. 1985

Industrial affluents &10 ug 'L I '241 Detectable in 20
(Madioni

Staples cr ol. 1985

Finished drinkinp
wo'ter

0.42 ug ' NR Kraybill 1977

112 U.S. Cities
(Mor - Apr 19761

Finished drinking
water

Not detected NR Detection Limit = 5 up ''ationalOrgenicc Monitoring
Survey, Phase I

U.S. EPA 1980

13 U.S. Cities
(May - Jun 1976

Finished drinkinp
water

0.01 - 0.36 ug ''mean= 0.10 up ''1 Detected in camplec from 13
of 113 cities; Notional Orgonicc
Monitoring Survey Phase II

Dreccmen dr oL 1977

8 U.S. Citiec
(Nov - Jun 19771

Finished drinking
water

0.024 Up

L'mean(

NR Detected in samples from 8
of 110 citiec: National Organicc
Monitorinp Survey Phaca III

U.S. EPA 1980

Evansville. IN Finished drinkinp
water

Not quantified Kleopfar and Fsirlacc
1972



TABLE 4-1 icont'dl: ENVIrtONMENTAL CONCENTRATIONS OF BISI2-CIILOROETHYL) ETtfER

LOCATION MATRIX CONCENTRATION
IMEAN &/OR RANGE)

NUMBER OF
SAMPLES

COMMENTS REFERENCE

U.S. synthetic
rubber plant

Treated affluent 160 ug'I'R U.S. EPA 1973

Unspecified U.S.
industries

Treated affluent 8- 710 ug ~ L NR U.S. EPA 1981

~Euro

Belgium Groundwater 0.0010 to 0.035 Iig ''R Industrial gypsum waste
deposit sita

Quaghabaur er al. 1985

Surface water Trace to 7.9 ug''R Downstream of industrial
discharges

Qusghabaur er ef. 1985

Surface water 7 to 58 ug''R Adjacent to industrial
discharges

Qusghabeur er al. 1985

Groundwater (0 04 to 0 75 ug''R Limestone aquifer below
industrial discharges

Quaghebaur er ah 1985

Netherlands Drinking water O.tyg L'max.f NR Krsybill 1977

NR = Not Reported



TABLE 7-1. Results of (Oral) Carcinogenicity testing on BCEE'o.

Mice with Tumor/Total Mice Analy2:ed

Mouse

Strain

Sex Treatment "Hepatomas"'Pulmonary tumors" Lymphomas

(C57BL/6 X Male

C3H/Anf)F,

Control

BCEE

8/79

14/16

5/79

0/16

5/79

2/16

Female Control

BCEE

0/87

4/18

3/87

0/18

4/87

0/18

(C57BL/6 X

AKR) F,

Male Control

BCEE

5/90

9/17

10/90

2/17

1/90

0/17

Female Control

BCEE

1/82

0/18

3/82

0/18

4/82

1/18

Data taken from Innes et al. (1969).

Included benign and malignant tumors.

Significantly different from control at p=0.01.



TABLE 11-1: REGULATIONS, GUIDELINES AND STANDARDS FOR BIS(2-CHLOROETHYL) ETHER

AGENCY OR COUNTRY DESCRIPTION VALUE REFERENCE

WATER

Ontario Ministry of
Environment

Advisory for odour 0.2 mq'L OMOE 1990

Mini ~ tdre da I'Environnement
du Qudbec

Human health criteria
fish snd water consumption 10
fish consumption only 10s

0.03 up ~ L'U S EPA 1980)
1.36 up ''U.S. EPA 1980)

Minlstdre da I'Environnarnant
du Qudbac 1990

United States
Environmental Protection
Aqency

Ambient water quality criteria to protect
human health:(1)

Ingestion of water (k organisms
10s
10s
1

0'7

0.30 uq ''.03

Up

''.003

uq

''.S. EPA 1980

Inpastion of organisms only
10r
10410'3.6 up ''.36

ug ~ L

0,(4 ug''tets
of Arizona

State of Kansas

Drinking water standard

Drinkinp water standard

0.01 ug ~ L

4.2 up 'L

Clamant Associates 1989

Clement Associates 1989

State of Maine

State of Minnesota

Drinklnq water ~ tsnderd

Drinking water standard

8 3 up '

0.31 Up

''lamant Associates 1989

Clement A«socistes 1989

AIR

U.S. Occupational Safety
~nd Health Administration

Permissible exposure bmit ceibnp
for skin

90 mg 'ms
(16 ppm)

Clamant Associates 1989

Threshold limit value-time weighted
average (TLV-TWA) for skin

30 mg ''s
(5 ppm)

ACGIH 1986

Threshold limit value-short term
exposure limit (TLV-STEL) for skin

60mg 'ma
(10 ppm)

ACGIH 1988



TABLE 11-1 cont'd): REGULATIONS. GUIDELINES AND STANDARDS FOR BIS(2-CHLOROETHYL) ETHER

AGENCY OR COUNTRY DESCRIPTION VALUE REFERENCE

U.S. Mine Safety end Health
Administration

TLV-TWA for skin 30mg 'ms RTECS 1991

Notional Institute of
Occupational Safety &

Health

Immediately dangerous to life or health 1500 mg 'ms
(250 ppm)

Clement Associates 1989

State of Kansas

State of Nevada

State of Pennsylvania

State of Virginia

Acceptable ambient air concentration (annual)

Acceptable ambient eir concentration (8 hour)

Acceptable ambient air concentration (annual)

Acceptable ambient eir concentration (24 hour)

71.429 ug 'm's

7.14 mg 's
7.2 mg 'a
500 ug 's

Clamant Associates 1989

Clement Associates 1989

Clement Associates 1989

Clement Associates 1989

Germany Unknown 90 mg ''CGIH 1986

USSR Unknown 1.8 mg 'a ACG IH 1 988

(1) Because of its carcinogenic potential, the EPA-recommends that the concentration of BCEE In ambient water ba zero.
However. because attainment of this level may not ba possible, levels which correspond to upper bound incremental
lifetime cancer risks of 10' 10, and 10 sra estimated.



Direct
Substt tutlon CH;CH,~CH;Cl t,-S-(H-Acetyl Cyate Inc)

N-Acetyl-S-f2-(Chtoroethoxy)Ethyl] Cysteine

GH;CH,~H;CH, CH;CH;0-CH -C-OH

BCEE 2-Chloroethoxy Acetic Add

CH -COOH

Chtoroacelc Add

i
Congugatton
(Glutathtone)

COOH-CH -S-CHx-COOH

Thlodtgtycot}c Actd

Figure 1. Metabolisn of Bis(2-chloroethyl) ether

Source: Croy et al. (1991)



APPENDIX 1 : COMPUTERIZED DATA BASES USED FOR LITERATURE SEARCHES

AQUIRE

AQUALINE

AQUAREF

BIOSIS

CAS ONLINE

CAB

1976 TO PRESENT

1967 TO PRESENT

1980 TO PRESENT

1980 TO PRESENT

1987 TO PRESENT

1980 TO PRESENT

CCINFO

CESARS

CODOC

ELIAS

ENVIROLINE

FEDERAL REGISTRY

MICROLOG

1990

1960 TO PRESENT

1640 TO PRESENT

1976 TO PRESENT

1971 TO PRESENT

1980 TO PRESENT

1979 TO PRESENT

POLLUTION ABSTRACTS 1970 TO PRESENT

TOXLINE

TRI (TOXNET)

1960 TO PRESENT

1990



date: 08- 12- 1992 time: 06:39:05

LEVEL 3 FUGACITY HMEL

ccepound propert i es

molecular ueight
ac+cous solubility
vapour pressure
henry's constant
octanol-uater part coeff ( log)
temperature

v 143.00 g/mo

J p .gu'/'.0200E+04
9.3000E+01

1.3038E+00

1.10 /
25.0 deg C

Predicted ate of bcee in Southern Ontario /
h(

g/m3 or 7.1329E+01 mol/m3

pa or 9.1784E-04 atm or
pa m3/mol Z

or 298.2 K

( 6. 9756E - 01

bulk coapartment volLNm

m3

height/
depth (m)

area 2

mol/03.Pa
dens i ty

kg/m3

1 bulk ~ i r
2 bulk water
3 bulk soil
4 bulk sedimnt

4. OOOE+14

4.000E+12

1 . 200E+10

8. OOOE+08

2.000E+03

5.000E+01

LOOOE~
. I.OOOE-02

2. OOOE+11

8. OOOE+10

1. 200E+11

8. OOOE+10

4. 034E -04 '. 19

7.670E-01 1000. 01

3.254E-01 1500.24
6.512E-01 1420.00

total area (a2) 2.000E+11

subcoapartswnt 2

M) l/$3. Pa

denti ty
kg/eB

mes fraction
orgacl I c canton't

vol
f raction

1., 1 ~ ir
1., 3 air particles

4. OOOE+14

8. OOOE+03

4. 034E- 04

2. 603E+01

1.19
2400.00

1.00E+00
2.00E-11

2., 2 aeter
2., 3 eater particles
2., 4 biota

4.000E+12
2.000E+07
4.000E+06

7. 670E -01

RASE+00
4.635E-01

1000. 00

2400. 00

1000.00
0.20

1. OOE+00

5.00E-06
1.00E-06

3., 1 soil air
3., 2 soil uater
3., 3 soil solids

2.400E+09
3.600E+09
6.000E+09

4. 034E-04 1.19
7.670E-01, 1000.00
1.905E-01 2400.00 0.02

2.00E-01
3.00E-01
5.00E-01

4., 2 pore uater
4., 3 sed. solids

5.600E+OP ).670E-01 1000.00
2.400E+u8 3.810E-01 2400.00 0. 04

7.00E-01
3.00E-01



Reaction Parameters

bulk cooper tments rate constant half-life
h-1

0 value
moL/pa.h

1 bulk ~ i r
2 bulk eater
3 bulk soil
4 buLk sediment

7. 1500E-02

1.0000E-03
1.0000E 03

1. 0000E - 03

9.6923E+00
6.9300E+02
6.9300E+02
6.9300E+02

1. 1538E+10

3. 0679E+09

3. 9050E+06

5.2094E+05

Subcompar tments

1., 1

1., 3 a 'i r pe rt I c l cs
0. 0000E+00 0. 0000E+00 0. 0000E+00

0.0000E+00 0.0000E+00 0.0000E+00

2., 2 I(ster
2., 3 aeter particles
2., 4 biota

0. OMOE+00

0. 0000E+00

0.0000E+00

0. 0000E+00

0. 0000E+00

0.0000E+00

0. 0000E+00

0. 0000E+00

0. 0000E+00

3., 1 soil air
3., 2 soil IIeter
3., 3 soil solids

0.0000E+00
0.0000E+00
0.0000E+00

0. 0000E+00

0. OOOOE+00

0. 0000E+00

0. 0000E+00

0. 0000E+00

0. 0000E+00

4., 2 pore mter
4., 3 sed. solids

0.0000E+00 O.ONNE+00 0.0000E+00

0. OOOOE+00 0. NNOE+00 0. 0000E+00

Advecti vs Par~ters

coopsrtaent f l ceI

m3/h

inf LIMNI clslcn rate constant -
D value

mL/SL3 h-1 mL/pa.h
residence tim

h

1 bulk air
2 bulk water
3 bulk soil
4 bulk sedimnt

3.30E+12
3.30E+08

O.DOE+00

O.DOE+00

O.DOE+00

0. DOE+00

O.DOE+00

O.DOE+00

8.25E-03
8.25E-05
O.DOE+00

O.DOE+00

1.33E+09

2.53E+08

O.DOE+00

O.DOE+00

1.21E+02

1.21E+04

I nf I O'I 'ty

infinity

Transfer to higher altitude,sedisant burial and leaching fry soil to groIslc4ater

process veloci ty
Rl/y

velocity
Ia/h

f Lou

SL3/h

rate constant
h-1

D value
mol/pa.h

residence times

transfer to higher alt
leaching from soil
sedl I&fit buf 'I a l

9.DOE+01

3.40E-01
3.00E-04

1.03E-02
3.88E-05
3.42E-08

2.05E+09
4.66E+06
2.74E+03

5. 14E -06

1.14E-05

8.29E+05
3.57E+06
1.04E+03

1.95E+05

8. 76E+04

2.22E+01

1. DOE+01



Iransfcr parameters between compartments

Total D Values and Fluxes

cooper tment D

(mo l

/hepa )
f lux

mol/h)
tau(i,j)

h

from 1 to 2 9.794E+07 -6.231E-03 1.088E+03

f rom 2 to 1 9. 198E+07 6.231E-03 1. 088E+03

from 1 to 3 1.016E+07 1.084E-03 1.832E+03

f rom 3 to 1 1.231E+06 -1.084E-03 1.832E+03

fry 2 to
frcxa 4 to

4 2.910E+07 9.946E-05 7.304E+04

2 2.910E+07 -9.946E-05 1.241E+01

froa 3 to 2 3.573E+06 3.504E-04 7.574E+02

Individual 0 Values, Flows and Velocities

compartments by D

(mol/hepa)
flow
(a3/h)

flow velocity velocity
(a3/y) (a/h) (m/y)

fry 1 to 2 diffusion
rain
wet depos'l'tion
dry deposition

9. 198E+07

5.954E+06

8. 081E+02

4.497E+02

7. 763E+06

3. 105E+01

1.728E+01

6.800E+10

2.720E+05

1.514E+05

9.703E-05 8.500E-01
3.881E-10 3.400E-06
1.ONE+01 3.000E-03 (e/s)

fry 2 to 1 di f fusion 9. 198E+07

fry 1 to 3 di f fusion
rain
wet deposition
dry deposition

1. 231E+06

8.931E+55
1 . 212E+03

6. 746E+02

1.164E+07 1.020E+11 9.703E-05

4.658E+01 4. ONE+05 3.881E-10

2. 592E+01 2. 271 E+05 1. 080E+01

8. 500E -01

3.400E-06
3,000E-03 (m/s)

from 3 to 1 diffusion 1. 231E+06

frca 2 to 4 diffusion
deposition

2.910E+07
6.958E+03 3.653E+03 3.200E+07 4.566E-08 4.00QE-04

fran 4 to 2 diffusion
resuspenslon

2.910E+07

3.479E+02 9. 132E+02 8.000E+06 1. 142E-08 1.000E-04

from 3 to 2 water flow
soil flow

3.572E+06 4.658E+06 4.080E+10 3.881E-05 3.400E-01

5.219E+02 2.740E+03 2.400E+07 2.283E-08 2.000E-04



input Transport Parameters

Hass Transfer Coefficients (HTC) (m/h)

Air-Hater air-side HTC 3.DOE+00

wter-side HTC 3.00E-02
overall Hater. side HTC 1.50E-03

Air-Soi l

air-side HTC 1.000E+00

Mater-Sediment
wter-side HTC 1.000E-02

Diffusivities

air aolecular diffusivity 0.40E-01 a2/h
wter eelecular diffusivity 0.40E-05 s2/h

soi l

sediment

air effective diffusivity 0.75E-03 a2/h sean path length 0.0500 m

wter effective diffusivity 0.29E-06 m2/h man path length 0.0500 m

eater effective diffusivity 0.25E-05 m2/h mean path length 0.0050 m

D Values for Diffusive Flew in Soil Air and lister

Soil air diffusion
wter diffusion

7. 28bEN5
5.345E~

D Value for Diffusive Flow in Sedimnt Pore Qatar

Sedimnt wter diffusion 3. 055E+07



Bulk Conpsrtments

compsr tment percent concentrations
mol/m3 microg/g microg/m3

fugacity
Pa

1 bulk air
2 bulk eater
3 bulk soil
4 bulk sediment

1. 912E+01

5.949E+02
3.830E-01
9.926E-02

3.112
96.810
0.062
0.016

4. 781E-14

1. 487E. 10

3. 191E -11

1. 241E-10

5. 767E-09

2.127E -08

3.042E-09
1.250E-08

6.836E-06
2. 127E-02

4.564E-03
1.774E-02

1. 185E. 10

1. 939E -10

9.807E-11
1.905E-10

Total 6.145E+02 100.000

Subcompartments

compartment amount

mol

pel cent
m(/m3

concentrat&ons
mi crog/g mi crog/m3

fugacity
Pa

1., 1 air
1., 3 air particles

1. 912E+01

2. 467E-05
3.112
0.000

4.781E-14
3. 084E-09

5.767E-09
1. 838E-07

6.836E-06
4.411E-01

1.185E-10
1.185E 10

2., 2 wter
2., 3 wter particles
2., 4 biota

5.949E+02
7.388E.03
3.595E-04

0.001
0.000

1. 487E -10

3.694E-10
8.988E-11

2.127E-08
2.201E-08
1.285E-08

2. 127E-02

5.282E-02
1.285E-02

1.939E-10
1. 939E. 10

1.939E-10

3., 1 soil air
3., 2 soil wter
3., 3 soil solids

9.495E-05
2.708E-01
1.121E-01

0.000
0.044
0.018

3.956E-14
7.522E-11
1.868E-11

4.773E-09
1. 076E - 08
1.113E-09

5.658E-06
1. 076E-02
2.671E-03

9.807E-11
9.807E-11
9.807E-11

4., 2 pore wter
4., 3 sed. solids

8. 184E -02
1.742E-02

0.013
0. 003

1.461E-10
7.259E-11

2.090E-08
4.325E-09

2.090E-02
1.038E-02

1.905E-10
1.905E-10

sugary of 4 bulk compartment mass balances (mol/h)

emissions inflow reaction out f l cw net flux out
to other compts

bulk air
bulk eater
bulk soil
bulk sediment

1.520E+00
6.500E-01
O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

O.OOOE+00

0.000E+00

1. 367E+00

5.949E-01
3.830E-04
9.926E-05

1. 578E -01

4.908E-02
O.OOOE+00

O.OOOE+00

-5. 148E-03

5.980E-03
.7.333E-04
-9.946E-05

Total 2. 170E+00 O.OOOE+00 1.963E+00 2.068E.01

total input (emissions and inf los) 2.170E+00 mol/h
total output (reactions and outflow) 2. 170E+00 mol/h

residence tism (hours) 283 .1993
(days) 11.79997

pers&stence 313.1099
persistence 13.04625


