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’ Abst’r_ac_t'

A literature review was conducted on the uses, fate,

" and effects of chlorinated ethanes on raw .water for

drinking water supply, vfreshwatervaquatic life, agricultur-
al uses, recreational water quality and aesthetics, and

‘industrial water supplies. The information is summa-

rized in this publication. From it, water quality duidelines
for the protection of specific water uses are.recom-
mended. '

Résumé

N

On a examiné la documentation relative aux utilisa-
tions, au devenir et aux effets des chloroéthanes sur

I'eau naturelle utilisée comme eau potable non traitée,

sur la vie aquatique en eau douce, sur |'utilisation de
I'eau pour I’agriculture, sur la qualité de I’eau pour les
loisirs et I'esthétique, ainsi que sur les approvisionne-
ments en eau pour l'industrie. Ces renseignements
sont résumeés dans cette publication. A partir de cette
étude, des lignes directrices sur la qualité de I’eau sont
recommandées pour la protection d’utilisations particu-

lieres de {'eau. ’




Preface |

The chlorinated ethanes are chlorinated aliphatic
hydrocarbons not known to occur as natural products
but .found in many environmental compartments,
including air, water, soil, sediments, food, and fresh-
water and marine biota (U.S. EPA, 1980). Toxicologi-
cal and 'environmental concerns have led to the

placement of several chlorinated ethanes on the .

Canadian Environmental Protection Act (CEPA) Priority
Substances List (Canada Gazette, 1989). According to
the Act, substances on this list must be assessed to
determine whether they could have immediate or long-

term adverse effects on the environment. The purpose.

of this report is to develop Canadian water quality
guidelines for 1.2-dichloroethane (EDC), 1,1,1-tri-
chloroethane (TCA), and 1,1,2,2-tetrachloroethane
(TECA) that will ensure the protection and maintenance
of freshwater and marine aquatic life and protect other
important water uses, including drinking water, irriga-
tion, livestock watering, and recrea;ion‘al and industrial
use. ' ‘

vii



~ Canadian Water Quality Guidelines for
Chlorinated Ethanes

D.R.J. Moore, S.L. Walker, and D. Koniecki

INTRODUCTION
'1,2-Dichloroethane (EDC) -

Abstracts Service (CAS)
1,2-dichloroethane, or

The Chemical
registry number for

CH,CICH,Cl, is 107-06-02. Common synonyms -

include ethylene dichloride (EDC), 1,2-bichlo-
roethane, dichlorocethylene, ethylene chloride,
glycoldichloride, sym-dichloroethane, and
ethenedichloride (Archer, 1979; Konemann, 1981; |
Gossett et al., 1983; Verschueren, 1983). The
structural formula of EDC is shown in Flgure 1.

A\

o
|

|
H H

Structural formula for 1,2-dichloro- ‘
ethane (EDC).

Figure 1.

EDC is manufactured either by catalytic
chlorination. of ethylene in the liquid phase or by
oxychlorination of ethylene. Chlorination in the
liquid phase is performed by mixing ethylene and
chlorine in liquid ethylene dichloride with ferric
chloride as a catalyst. The chlorination is carried
out in the presence of air (5%) to prevent further
chlorine substitution.  The oxychlorination of
ethylene is performed in the presence of oxygen

and a cupric chloride catalyst. The latter process

is primarily used in vinyl production plants in
which a supply of hydrogen chloride is available
as a by-product of other processes (Archer;
1979).

EDC has a high purity but may contain traces
of 1,1,2-trichloroethane. Waste gases (e.g.,
nitrogen dioxide, carbon monoxide, small
amounts of ethylene, and 1,1-dichloroethane)
are formed only during oxychlorination
(Konietzko, 1984). :

Total preduction of EDC in Canada-in 1988
was 763 000 t, of which 32 000 t were exported.
Production is expected to increase to 880 000 t in

1992 (CPI 1988a) .

In Canada, 98% of EDC used in 1988 was for

vinyl chloride production, with a small amount

(0.4%) used as an antiknock additive in leaded
fuel. Other minor applications include adhesives,
coatings, solvent extractants, and cleaning solu-
tions (ZENON, 1982).

1,1,1-Trichloroethane (TCA)

The CAS registry number for 1,1, 1-trichlo-
roethane (TCA), or CH4CCl;, is 71-55-6.
Comman synonyms include methylchloroform
chloroethene, and alpha-trichloroethane
(Archer, 1979; Konermann, -1981; Verschueren,
1983). The structural formula of TCA is shown in
Figure 2.

Cl H

.
Cl""-‘C."ZE‘C""H

[

Cl H

Figure 2. Structural formula for 1,1,1- -trichlo-

roethane (TCA).



The major TCA production process in Canada .

involves hydrochlorination of vinyl chloride to
1,1-dichioroethane, which is then thermally -or
photochemically. chlorinated. A second process

" is based on 1,1-dichloroethylene hydrochlorina-

tion in the presence of a ferric chloride catalyst
(Archer, 1979). -

Because TCA is easily decomposed, it must
be stabilized during production. The stabilizing
system is made up of 1,4<dioxane, epoxide;
alcohols, and nitro compounds (approximately
3%-7% by volume). The most common

“impurities found in 22 samples of technical TCA

were " 1,1-dichloroethylene (0.01%-0.6%), dichlo=
rosthane (0.01%), and 1,1,2-trichloroethane
(0.01%) (Konietzko, 1984).

Total domestic production of TCA in 198‘8,' was

- 10 000 t. An additional 6000 t were imported in

1988, predominantly from the United States and
Europe (CPl,-1988b). TCA is widely used as an
industrial solvent (Verschueren, 1983). In
Cariada, 85%-90% of the TCA produced is used
in metal cleaning, particularly in armatures of
electric motors, generators, and switchgear and
in electronic ' equipment. The remaining
10%-15% is used in adhesives, as a propellant

modifier in aerosols; in several textile finishing -

operations, as a constituent in various office
supplies, as dry lubricants, and as a laboratory
solvent (Environment Canada, 1988).

1,1,2,2-Tetrachloroethane (TECA)

The CAS registry number for 1,1,2,2-tetra-
chloroethane (TECA), or CHCI,CHCl,, is 79-34-5.
A common synonym is acethylene tetrachloride
(Archer, 1979; Konemann; 1981; Verschueren,
1983). The structural formula of TECA is shown

‘in Figure 3.

Tl

| »
Ql----C——-C--Cl

|}

H H

Figure 3. St’ructura_l_ formula for 1,1,2,2-tetra-
ch,loroetha’he (TECA),

TECA is produced by direct chlorination or -

" oxychlorination of ethylene. TECA is not usually

purified but instead is used as a feedstock to pro-
duce other chlorinated compounds (Archer,
1979). Until 1985, C.LL. at Shawinigan
(Quebec), the sole manufacturer of TECA in
Canada, produced it for the manufacture of tri-
chloroethylene and tetrachloroethyléne. In 1985,
C.I.L. closed its plant, and, at present, there is
no Canadian manufacturer of TECA (CPI, 1988c).

Summary bf Existing Guidelines.

‘The U.S. Environmental Protection Agency
(EPA) has proposed a maximum contaminant
level of 5 ung-L-1 EDC in drinking water. The
states of California and Florida have recom:
mended drinking water guidelines of 1.0 pg*L-1
EDC (action level) and 3.0 ug-L-! EDC (maxi-
mum contaminant level), respectivély. The U.S.

~ National Academy of Sciences recommended a

suggested no-adverse-response level of 1.42
pg-L-1 for EDC in drinking water. A guideline
value of 10 pg'L-1 was recommended by the
World Health Organization (OMOE, 1989). A
maximum contaminant level of 200 ug-L-1 was
recommended by the U.S. EPA for TCA.
California and Florida have recommended drink-
ing water guidelines of 1 mg-L-1 (suggested
no-adverse-effect level) and 200 ug-L-1 (maxi-
mum contaminant level), respectively, for TCA in
drinking water (OMOE, 1989). Drinking water

~ guidelines for TECA were not found.

The U.S. EPA (1980, 19886) prepared docu-
ments on ambient water quality for-chlorinated
ethanes, but, because the EPA’s minimum data
base reduirements were not met, no numerical
limits were-set. However, on the basis of the
available data, the U.S. EPA found that acute tox-
icity to freshwater biota occurred at concentra-
tions as low as 118, 18.0, and 2.4 mg-L-! for

EDC, TCA, and TECA, respectively. During
‘chronic exposures, the corresponding values

found were 20.0 mg*L-! EDC and 9.4 mg-L-1
TCA, with no value found for TECA. The only oth-
er agency that has proposed. or set numerical
limits for chlorinated -ethanes is the state of
Michigan, which set a guideline level of 0.117
mg-L-1 TCA; this concentration will theoretically
produce no adverse effects on important fresh-

" water aquatic organisms (and their progeny) ex--

posed continuously for a lifetime (Zugger, 1989).
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PHYSICAL AND CHEMiCAL PROPERTIES
Propérties

The physical and chemical propei’ties of EDC,
TCA, and TECA are listed in Tables 1, 2, and 3,

respectively. In general, ‘increasing chlorine

content is positively correlated with boiling point

‘temperature, density, and viscosity and inversely

correlated with vapour pressure and solubility in
water. Chlorinated ethanes are heavier than
water and poorly adsorbed by soxl particles
(Konietzko, 1984).

Table 1. Physical and Chemical Propertlés of EDC

Parameter Value
Physical state Colourless liquid®™
Odour/taste Pleasant odour, sweet taste("
Boiling pojint : _ 83.5°C"
Melting point . -35.0°C®@
Density (20°C) 1,253 g-mL™'®
Viscosity (20°C) 0.84 mPa's®™

Surface tension (20°C) 31.38 mN-m~'®
Vapour pressure (10°C) . 5.3 kPa®
(20°C) » 8.5 kPa®
(30°C) ’ 13.3 kPa®
Aqueous solubility (20°C) ’ 8690 mg'L-'®
Log Ke 1,76

.M Sax and Lewis (1987)
@ Konietzko (1984) )
® Archer (1979)

4 Konemann (1981)

Table 2. Physical and Chemical Properties of TCA

Parameter Value
Physical state Colourless fiquid(®
Odour/taste Sweat, ether-like smell(
Boiling point o 197.50¢®
Melting point : ~-33.00CM

Density (20°C) 1 325 g mL-'®
Viscosity (20°C) 0.86 mPa's®
Surface tension (25°C) 25.54 mN'm'®
Vapour pressure (20°C) 13.3 kPa®

40°C) 31.7 kPa®
Aqueous solublllty {20°C) - ) 4400 mg'L"'@
Log Kow ) 2.49®

™ Konietzko (1984)

@ Sax and Lewis(1987)

. @ Archer (1979)

¥ Verschueren (1983)
) Konemann (1981)

Table 3. Physical and Chemical Properties of. TECA

Parameter Value
Physical state o Colourless liquid™ -
Boiling point . 146.40C"
Melting point -42.5°C to -43.8°C™M
Vapour pressure (20°C) 0.65 kPa‘®
Aqueous solubillty (20°C) 2900 mg L=t

Log Kow . 3.01®.

Y Verschueren (1983)
@ Konemann (1981)

EDC'is highly volatile (vapour pressure = 8.5
kPa at 20°C), is soluble in water (8690 mg-L-1 at
20°C), and has a relatively low octanol/water par-
tition coefficient (log Koy = 1.76) compared with
TCA and TECA. These propertiss suggest that
volatilization will be the dominant process for the
removal of EDC from the aquatic environment,
whereas processes such as sediment adsorption
and bioaccumuilation are likely to be less impor-
tant. TCA is also highly volatile (vapour pressure
= 13.3 kPa at 20°C) and soluble in water (4400
mg-L-1 at 20°C), but it has .a higher octanal/
water partition coefficient than EDC (log Koy =
2.49). Therefore, TCA and EDC should have sim-
ilar environmental fate patterns, with the potentia!
for bioaccumulation being higher for TCA. TECA
is less volatile (vapour pressure = 0.65 kPa-at
20°C) and less soluble in water (2900 mg:L-1 at’
20°C) than EDC and TCA, and it has a higher
octanol/water partition coefficient (log Kgw: =
3.01). Thus, volatilization will be a less important -
removal process for TECA, whereas the potential -

‘for bioaccumulation is higher than for the other

chlorinated ethanés.
Analytical Methodologies

The methods for analysis of EDC, TCA, and
TECA are identical. The compounds are analyzed
using batch purge-and-trap/capillary column gas
chromatography (GC)/mass spectrometry (MS).
Surface water (150 mL) is spiked with deuterated
surrogate standards and internal standards, then
purged with helium, and volatiles are adsorbed

. onto a Tenax GC trap. This is followed by thermal

desorption and analysis using a 25-m DB-5 capii-
lary column with MS detection. . Scanning is per-
formed using the relative retention time and rela-
tive abundances of two or more characteristic
ions. Full identification of organics screened and
Quantified is performed using full reference spec-
tra, multi-internal standards, and extracted areas
of characteristic ions. Non-target compounds
are tentatlvely identified using mass spectral li-
braries, the approximate concentration ranges of
which are based on relative total ion counts. The
detection limits for EDC, TCA, and TECA are 1.0;

0.2, and 5.0 pg-L-1 (NAQUADAT, 1988).

ENVIRONMENTAL CONCENTRATIONS
EDC
Sources

EDC can enter the environment during
productlon storage disposal, and secondary



processing. Inthe production stage, EDC may be
- released to the environment via the atmosphere,
wastewater releases, and land disposal. Total

environmental release of EDC in the United States -

in 1979 was 12 238t (Environment Canada,

1988). Atmospheric. emissions of EDC ac- -

counted for 11 885 t, whereas waterway releases
accounted for 252 t. Indirect environmental re-
leases of EDC through dispersive uses such as
lead scavenging, -paints, coating, grain fumiga-
tion, and cleaning in the United States amounted

to 4944 tin 1979. Other losses from EDC produc- -

tion and feedstock uses were estimated to be
6696 t during the same year. (U.S. EPA, 1885).
At present, EDC releases to the Canadian
environment have not been determined.

.

Residues

Levels of EDC in Canadian waters are
summarized in Table 4. Although the data are
limited, it appears that EDC is rarely detected in
Canadian surface waters. For instance, in the
heavily industrialized D.etrdit, Niagara, St. Clair,
and St. Lawrence river watersheds, EDC was not
found above the detection limit of 0.08 pg-L-!

(Kaiser and Comba, 1983, 1986a, 1986b; Comba

and Kaiser, 1985; Lum and Kaiser, 1986). Low
levels were found in landfill leachates in Ontario
(Lesage et al., 1989). However, high levels of
EDC have been detected in groundwater samples

at the Ville-Mercier landfill in Quebec (maximum

concentration 7200 ng-L-1) (Pakdel et al.,

1989). In groundwater, EDC is likely to be more
persistent because volatilization cannot occur.
Industrial discharges have also been found to

contain high levels of EDC (maximum concentra-

tion 6000 pg-L-1).

Marine organisms collected near the dis-
charge zone of the Los Angeles County
wastewater treatment plant were analyzed to
determine EDC levels (Gossett et al., 1983).
EDC was not detected (detection limit
0.3 ug-kg-1 wet weight) in the livers from five

" fish species, crab digestive glands, shrimp

muscles, and whole invertebrates. Further, EDC
was not detected in the sediments (detection
limit 0.5 pg+kg-! dry weight), despite a mean
effluent concentration of 44 ug*L=1 EDC. These
results suggest that partitioning of EDC to

sediments and biota is not an important fate

process.

- TCA

Sources

in the United "States, total. environmental
releases of TCA in 1979 during its manufacture
were estimated to be 483 t (U.S. EPA, 1982). Of
this total, 81% (390 t) was released to water, 17%
(80 t) to air, and 2% (9 t) to land.

D_ur_mg the consumptlon of TCA in degreasing
operations, 2.2 x 105 t (68% of total production)
of TCA were used. Approximately 1.7 x 105 t
were released to the atmosphere, 2.7 x 104 t
disposed to land, and 1.2 x 104 t released to
water during these post-production processes.
The remaining uses — including aerosol vapour.
depressants, adhesives, paints, film cleaners,

-and leather tanning — result almost entirely in

atmospheric releases (U.S. EPA, 1982).

No information was found regarding environ-
mental loadings of TCA in the Canadian environ:
ment.

~ Residues

TCA is a frequently found contaminant in
Canadian waters, particularly near industrialized
areas (Table 5). For example, in the

St. Lawrénce River, TCA was detected in the

0.01-0.05 pg'L-1range. At several stations be-
low Cornwall and in Lac-St-Louis, concentrations
ranged from 0.5 to 18 ug*L-1 (Lum and Kaiser,
1986). In. comparison, concentrations in the
St. Clair River were in the 0.004-0.095 pg-L-!
range, and concentrations in Lake St. Clair
ranged from 0.002 to 0.112 pg-L-1 (Kaiser and
Comba, 1986a, 1986b). The concentrations of
TCA in the Niagara River and in Lake Ontario
ranged from below the detection limit (0.0005
pg-L™") to 0.18 pg-L- 1 (Kaiser et al., 1983; S.

Lesage, 1989, National Water Research Institute,
pers. com)

Marine organisms collected near the dis-
charge zone of the Los Angeles County wastewa-
ter treatment plant were analyzed to determine
TCA levels (Gossett et al., 1983). Unlike EDC,
TCA was detected in several fish species, includ-
ing Pacific sanddab (Citharichthys xanthostigna),
dover sole (Microstomus pacificus), and scor-

pionfish (Scorpaena guttata), and in whole

invertebrates. TCA levels ranged from below the
detection limit (0.3 ng-kg-! dry welght) in sever-
al fish and invertebrate species to 7.0 pg- kg-1



Table 4. Environmental Concentrations of EDC in Canadian Waters-’

Minimum Maximum
: DL No. of Values Concentration Concentration
Region Year _ Media (ng'L1) samples >DL {nug-L=")- gLt . Reference
'Nova Scotia 1988 GW-NFD 1.0 9 0 — — S, Lesage, 1989 (National
) i Water. Research Institute,
pers. com.)
Quebec 1988 GW-PS 1.0 2 2 102 105 - Pakdel et al.; 1989
GW-LF 1.0 3 3 4400 7200
St, Lawrence R. 1985 sSw 0.08 >200 0 — — Lum and Kaiser, 1986
Ontario : 1985 SwW 1.0 3 2 14.5 16 COARGLWQ, 1986
BW 1.0 -3 0 :
1988 GW-LF 1.0 37 11 3.9 58 Lesage et al., 1990
1988/89 LF 1.0 3 2 8 14 Lesage et al., 1989
Welland R. 1980 SW 0.04 22 1 t- Tt Kaiser and Comba, 1983
Niagara R. 1981 "SW 0.08 17 0 — — Kaiser et aI.', 1083
Lake Ontario 1981 Sw 0.08 ‘95 0 — — Kaiser et al., 1983
Detroit R. 1982/83 Sw 0.08 122 0 — - Comba and Kaiser, 1985
- St Clair-R./ 1984 Sw 0.08 67 0 — — Kaiser and Comba, 1986b
Lake St. Clair o
Alberta 1984 SW 1.0 1 0 — — AEC, 1989
1985 SwW 1.0 42 0 — — .
: Sed. 1 0 — — g
1986 sw 1.0 18 0 — —
1987 SW 1.0 35 0 — -
' WW. 1.0 3 0 — —
1988 sSw 1.0 37 0 — —
WwWw 1.0 12 0 — —
DL = detection limit - BW = bottom water
Sed. = sediment GW = groundwater 1 = trace
SW = surface water PS = pumping system LF- = landfill
WW = wastewater NFD =

* No-data were found for Newfoundiand, Prince Edwafd Island, New Brunswick, Manitoba,

not for drinking .

Saskatchewan, British Columbia, Yukon, and Northwest Territories,



Table 5. Environmental Co‘ncehtrations of TCA in Canadian Waters*

* No data were found for Newfgundland, Prince Edward Island, New Brunswick, Manitoba,

Saskatchewan, British Columbia, ‘Yukon, and Northwest Territories.

) Minimum Maximum
. DL No. of Values Concentration Concentration
Region Year - Media {pgrL=1) samples > DL {(jug° L) gLt Reference
Nova Scotia 1988 GW-NFD 1.0 9 0 — — ' S. Lesage, 1989 (National
Water Research Institute,
pers. com.)
‘Quebec 1988 GW-PS 1.0 2 1 5.6 5.6 Pakdel et al.,1989
GW-LF 1.0 3 2 200 340 »
St. Lawrence R. 1985 Sw 0.001 - >200 >33 NQ 1:8.'0 Lum. and Kaiser, 1986
Welland R. 1980/81 sSwW 0.001 32 30 0.01 0.30 Kaiser and Comba, 1983
Niagara R. 1981 SW 0001 17 16 t 0.017 Kalser et al., 1983
Lake Ontario 1981 Sw 0.0005 95 93 t 0.18 _ Kalser et al., 1983 .
Detrolt R. 1982/83 SW 0.001 122 - 38 . NQ NQ Comba. and Kaiser, 1985
St.. Clair R./ 1984 SwW 0.001 - 67 66 0.002 0.112 Kalser and Comba, 1986b
Lake St. Clair .
Ontario 1985 Sw 1.0 8- 4 5.0 21.0 COARGLWQ, 1986
BW 1.0 8 3 2.0 4.0 )
1987 GW-LF 1.0 3. 2 82.0 93.0 Jackson et al., 1988
1987 GW-LF 1.0 37 16 t 52.0 Lesage et al., 1990
Alberta - 1984 SwW 0.2 1 0 — — -AEC, 1989
1985 sSw - 0.2 42 1 1.9 1.9 .
Sed." : 1 o — . \
1986 SW 0.2 16 2 t t
1987 SW 1.0 35 - 0 - -
: wWwW 1.0 3 0 — —
1988 sw 1.0° 37 0 — —
ww 1.0 12 0 — —
DL = detection limit BW = bottom'water 'NQ = not quantified
Sed. = sediment GW = groundwater t = frace '
SW = surface water PS = pumping system. LF = landfill .
WW = wastewater NFD = not for drinking



dry weight in C. xanthostigna. - TCA was not de-
tected in the sediments (detection limit 0.5
pug-kg-1 dry weight), despite having a mean
concentration of 31.0 ug*L-! in the wastewater
effluents. :

TECA

Sources

There is little information available
concerning sources of TECA entry into the
environment. Because TECA is no longer
produced in Canada and only negligible amounts
are imported to Canada, it is likely that future
releases of TECA to the Canadian environment
will be small (CPI, 1988¢; D. MacGregor, 1890,
Environment Canada, pers. com.). The largest
threat of release of TECA is to groundwater from
existing landfills (Pakdel et al., 1989).

Residues .

Surveys to determine TECA levels in
Canadian waters have been conducted in Ontario
.and Alberta (Table 6). In Ontario, TECA has been
detected in the Great Lakes (range; not detected to
4.0 pgl'; detection limit 1.0 pglL™
(COARGLWQ, 1986), the Welland River (range,
not detected to 0.06 ug-L"; detetection limit 0.005
ugl’) (Kaiser and Comba, 1983), and the St.
Clair River (levels not quaritified) (Kaiser and
Comba, 1986a). In Alberta, surface water and
wastewater samples collected between 1984 and

1988 contained no detectable levels of TECA

.(1984-86 detection limit 5.0 gL', 1987-88
detection limit 1.0 ugL™") (AEC, 1989).

ENVIRONMENTAL FATE AND PERSISTENCE
EDC

There is little information regarding the fate of
EDC in the aquatic environment (Fig. 4).
However, based upon the limited information
available, volatilization appears to be the major
process for the removal of EDC from the aquatic
environment (Dilling et al., 1975). Dilling et al,
(1975) determined the half-life of a 1 mg-L-1.
EDC solution to be 29 min when stirred at 200

rpm in water in an open container. However, the

authors ¢ommented that these data are not
readily transferable to the environment, because
natural concentrations of EDC are expected to be
much lower, and because other factors such as
wind speed and wave action are highly variable.

No studies were found that investigated photoly-
sis, oxidation, or hydrolysis of EDC in water or
sediment. Studies conducted on analogous
compounds {e.g., dichloromethane, trichloro-
ethane, dibromoethane), however, indicate that
these processes are unlikely to be important in
the removal of EDC from the aquatic environment
(Dilling et al., 1975; Radding et al., 1977). Portier
and Meyers (1984) found that aerobic biodegra- .
dation may also be an important removal process
for EDC in the aquatic environment. In sediment/
water microcosms, they found that EDC had a
half-life of 48 h in fresh water. In saline conditions
(10-24 g°L-1), the degradation rate was re-
duced by a factor of 4-5 times. Chitin amended
to continuous-flow microcosms promoted either
cometabolic or c¢ooxidative biotransformation,
resulting in 71% degradation of EDC after 48 h-
(Portier and Meyers, 1984). The products of

- biodegradation were not determined in this ex-

periment.

Once EDC has volatilized to the atmosphere,
the -compound reacts with hydroxy! radicals to
form chioracetyl chloride (Howard and Evenson,
19765 Radding et al., 1977). Radding et al.
(1977) indicated an atmospheric half-life of 234 h
for this photooxidation reaction; the U.S. EPA
(1975) and Howard and Evenhson (1976) pre-
dicted that EDC will have an atmospheric lifetime
of 3-4 months and 1.7 months, respectively. Be-
cause this reaction is relatively rapid, little EDC is
expected to reach the stratosphere from the tro-
posphere. Similarly, chiloracety! chloride will be
rapidly hydrolyzed to hydrochloric and carboxylic
acids in the troposphere (Morrison and Boyd,
1973) . Despite the relatively short residence time
of EDC in the atmosphere, Pearson and
McConnell (1975) suggested that EDC has the
potential for long-range transport, and that this
process accounts for its presence in upland wa-
ters. E : ,

TCA

As with EDC, - volatilization is the major
process for the removal of TCA from aquatic eco-
systems (Fig. 5) (Dilling et al., 1975; Wakeham
et al., 1983). Wakeham et al. (1983) investi-
gated the volatilization behaviour of TCA in sea-
water microcosms under conditions simulating
winter, spring, and sumrer in a modérately pol-
luted estuary (2.7-4.3 pg-L-1 TCA). They found
that TCA had a half-life that ranged from 11 d in
winter to 24 d in spring. Subsequent experiments
that compared TCA removal in microcosms
poisoned with mercuric chloride to retard:



Table 6. Environmental Concentrations of TECA in Canadian Waters

*  No data were found. for Newfoundland, Prince Edward Island, New Brunswick, Manitoba,

Saskatchewarn, British Columbia, Yukon, and Northwest Territories.

— Minimum: Maximum
. DL No. of - Values Concentration Concentration
Region Year Media (g L=1) samples >DL (g L") (ng L1 Reference
Quebec 1988 GW-Lf 4 3 760 1600 Pakdel et al., 1989
Ontario 1985 SW 1.0 5 3 2.0 4.0 " COARGLWQ, 1986
1986 BW 1.0 4 1 2.0 2.0 .
Niagara R. 1981 SW : 00005 17 6 t St Kaiser et al., 1983
Lake Ontario 1981 SW . 0.0005 95 * 11 — 0.024 K.L.E. Kaiser, 1990
1982 SW 0.0005 92 -7 — 0.001 - {National Water Research
Institute, pers. com.)
" Alberta 1984 SW 5.0 1 0 —_ — AEC, 1989
1985 SW’ 5.0 42 0 — 1.9 ‘
Sed. 1 0 — —
1986 SW 5.0 16 0 — t
1987 sSw 1.0 35 0 ~ —_
ww 1.0 3 0 — —
1988 SW. 1.0 37 0 —_— —
ww 1.0 12 0 —
DL = detection limit GW = groundwater LF = landfill
WW = wastewater SW = -surface water t = trace
BW = bottom water Sed. =. sedimenit
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Figure 4. ' Potential fate processes for EDC.

biological activity with that in non-poisoned
microcosms indicated that 83.5% of TCA removal
could be attributed to volatilization, whereas the
remainder was due to microbial degradation.
Other studies have indicated that photolysis,
oxidation, and elimination reactions are not
important in the removal of TCA from aquatic sys-
tems (Dilling et al., 1975; U.S. EPA, 1979; Vogel
and McCarty, 1987b). Hydrolysis of TCA has
been shown to occur in aquatic ecosystems; the
half-life was 0.5-0.75 years (Dilling et al., 1975;
Pearson and McConnell, 1975; Haag et al.,
1886). Therefore, this process may be important
in TCA removal from groundwater, Howeveér, in

groundwater that is anaerobic and conducive to

methanogenesis, TCA can also be biotrans-
formed by reductive dehalogenation to 1,1-di-
chloroethane and chloroethene. The half-life for
this process may be less than 6 d (Vogel and
McCarty, 1987a). However, in Canadian ground-
water, residues have been found more than 10
years after disposal (Lesage st al., 1990). These
initial products then undergo hydrolysis to form

" ethanol.

Atpresent, there is no clear evidence to suggest
that TCA is selectively concentrated in sedi-

ments. Dilling et al. (1975) showed that
bentonite clay, dolomitic limestone, and peat
moss adsorbed . TCA, but adsorption and
desorption rates were approxmately equal after
10-30 min.

TCA is long-lived in the atmosphere, with a
photooxidative half-life of more than 6 years in
the troposphere. Consequently, 12%-25% of
TCA in the troposphere will reach the strato-
sphere (McConnell and Schiff, 1978; U.S. EPA,
1982). Chlorine atoms released during the:pho-
tolysis of TCA in the stratosphere can attack and
deplete ozone. As with EDC, the presence of
TCA in upland waters is believed to be due to
long-range transport (Pearson and McConnell,
1975). :

-TECA

Little is known of the environmental fate and
‘behaviour of TECA (Fig. 6). Dilling et al. {1975)
estimated the experimental half-life for
volatilization of TECA initially present at 1 mg-L-1
to be 56 min. when stirred at 200 rpm. However,
the initial TECA concentration and experimental
conditions are not likely t6 occur in the natural
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Figure 6. Potential fate processes for TECA.
environment, and therefore the data can be used

only as a rough approximation. No information
was found regarding potential competing abiotic
processes, except for photolysis, which was
detected, but not quantified, in a study by Jensen.
. and Rosenberg (1975).

Biotransformation of TECA to chlorinated
ethylenes and ethanes and viny! chloride has
been demonstrated in conditions that simulated a
landfill site (Hallen et al., 1986). Further
anaerobic biotransformation and hydrolytic reac-
tions would convert these products to carbon
dioxide (Fig. 6). Hydrolysis of TECA in
subsurface sediment has been demonstrated by

Haag et al. (1986). - The hydrolytic half-life was

24 d.

The tropospheric lifetime of TECA is
estimated to be longer than 1160 d (Singh et al,,
1982). The principal removal process in this
estimate was photooxidation: however, com-
peting processes have not yet been investigated.

BIOACCUMULATION

~ Freshwater Biota v

Barrows et al. (1980) investigated the bio-
concentration potential and persistence of

~ chlorinated ethanes in juvenile bluegill (Lepomis

macrochirus). The fish were continuously
exposed to each of EDC, TCA, and TECA for a
period of 14-28 d. The chlorinated ethanes were
found to have a low potential for bioconcentra-
tion, with a bioconcentration faétor (BCF) of 2 for
EDC, 9 for TCA, and 8 for TECA (Table 7).

Immediately following exposure, fish were
transferred to clean water to measure depuration
rates. The bialogical half-lives of TCA and TECA
were found to be less than 1 d; EDC had a half-life
of 1-2 d. No other studies on the bioaccumulation
potential of chlorinated ethanes in freshwater
biota were found. o
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Table 7. Bioconcentration and Persistence of Chlorinated Ethanes

in Bluegill (Lepomis macrochirus)

Mean

Exposure ) concentration Depuria_tion -
‘Compound period (d) ‘ (mg-L") . - BCF ‘half-life (d).
EDC 14 0.095 + 0.011 . 2 1-2
TCA 28 0.073 + 0.014 9 <1
TECA 14 0.096 + 0.001 8 <1
Source: Barrows et al., 1980.
Fish

Marine Biota

Pearson and McConnell (1975) found no
evidence of EDC bioaccumulation at different -
trophic levels in marine biota of Liverpool Bay,
Great Britain. No studies were found investigating
the bioaccumulation potential of TCA and TECAin
marine biota.,- . .

TOXICITY TO AQUATIC BIOTA

As standard protocols for toxncuy testmg may
become outdated or are not always available or
" followed, a great deal of variability exists in the
quality of published toxicity' data. To ensure a
consistent  scientific  evaluation for ~ each
chlorinated ethane compound, the data used in
-deriving a guideline must meet certain criteria as
outlined in CCME (1991). These criteria include
information on test conditions/design (e.g., flow-
through, static), test concentrations, temperature,

water hardness, pH, experimhental design (controls,

number of replicates), and a description of the
statistics used in evaluating the data. Each study is
evaluated ‘based on the above information and
ranked as primary, secondary, or unacceptable
(see CCME,1991 for a detailed description of the
ranking criteria). All data included in the minimum
data set must be primary in order for full guideline
derivation to proceed. For interim guideline

derivation, primary of secondary data may be used.

Toxicity data that do not meet the criteria of primary
or secondary data are unacceptable and cannot be
used in either derivation procedure.

Acute Toxicity
The acute toxic effectjs. of the chlorinated

_ et:h.anes on aquatic organisms are tabulated in
Appendix A.
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EDC

_ The effects of acute exposures to EDC have
been examined for several fish species,
particularly the fathead minnow (Pimephales
promelas). Using a flow-through system,
Walbridge et al. (1983) found that P. promelas
had a 96-h LCso of 116 mg-L-1 EDC (measured
concentration). Using the same speciés and a
similar experimental protocol, Geiger et al.
(1985a) and Veith et al. (1983) determined 96-h

© LCso values of 136 and 118 mg-L-1 EDC, respec-

tively. All three studies we,r‘e ranked as primary.

The response of. rainbow trout (Oncorhynchus :

mykiss) to acute exposures to EDC has been ex-
amined in two studies that used static tests.

Bartlett (1979) found that O. mykiss had a 96-h

LCso of 336 mg-L-! EDC, whereas Mayer and
Ellersieck (1986) obtained a 96-h LCso oOf 225
mg-L-1 EDC. Both of these tests were ranked as
secondary because EDC concentrations were not
measured during the experiments.

Other reported LCsq values found under static
conditions range from 106 mg:L-1 EDC with
guppies (Poecilia reticulata) after a 7-d exposure
(Konemann, 1981) t6 550 mg: L-1 EDC for L.
macrochirus after a 4-d exposure (Dawson et al.,
1975/77).

" The only acceptable study on a marine fish
species (tidewater silverside, Meridia beryliina)
reported a 96-h LC,, of 480 mg+L' in a static test
ranked secondary because concentrations were not
measured (Dawson et al., 1975/77).

A study conducted by Pearson and

McConnell (1975) on dab (Limanda limanda), a




marine fish species, using a flow-through,
measured test was deemed unacceptable be-
cause no information was provided concerning
other test parameters (e.g., pH, water hardness,
dissolved oxygen) and the -experimental design
used.

" TCA

* Three flow-through studies have been con-
ducted to determine the effects of acute expo-
- sures of P. promelas to TCA. In a study ranked
. as primary, Geiger et al. (1985b) found that
P. promelas had a 96-h LCgq of 42.3 mg*L-1 TCA
and a 96-h EC5y (any of the following effect
criteria: behavioural . changes, increased
respiration, loss of equilibrium) of 28.8 mg-L-1
TCA in flow-through tests. In a study ranked as
secondary because TCA concentrations were not
measured, Alexander et al. (1978) found that
exposure to TCA in a static test resulted in a 96-h
LCso of 105.0 mg-L-1 TCA, almost 100% higher
than the 96-h LCs, of 52.8 mg L-1 TCA from a
flow-through test that was ranked as primary. Us-
ing a flow-through test, Alexander et al. (1978)
found that P. promelas had a 96-h EC5, (any of
the following effect criteria: loss of equilibrium,
melanization, narcosis, swollen, hemorrhaging
gills) of 11.1 mg:L-1 TCA-and a 96-h EC,, of
9.0 mg-L-1 TCA. The only other freshwater fish
species examined was L. macrochirus, which was
found to have an LCs 0f 72 mg*L-1 TCA in a stat-
ic test ranked as secondary because nominal
(unmeasured) chemical concentrations were
used (Buccafusco et al., 1981). s

A study by the U.S. EPA (1978) on L. macro-
chirus was deemed unacceptable because
insufficient information was provided regarding
experimental design and test conditions.

—

Pearson and MeConnell (1975) measured the
short-term effects of TCA on the marine fish
L. limanda in a flow-through, measured test.
Another marine fish species, the sheepshead
minnow (Cyprinodon variegatus), was exposed to

TCA in a static, unmeasured test (Heitmuller et

al., 1981). Both of these studies were, however,
ranked as unacceptable because of insufficient
information on expenmental design and test
conditions.

TECA

In a primary study, a 96-h flow-through test
conducted with 2- to 4-month-old American
flagfish (Jordanella floridae) yielded a measured
LCsp of 18.5 mg*L-1 TECA (ATRG, 1988). When
the study was repeated under static test
conditions, based on nominal (unmeasured)

-chemical concentrations, the LCs;, was 26.8

mg-L-1. TECA. Walbridge et al. (1983) investi-
gated the acute effects of TECA using 30- to

-35-d-old P. promelas in a flow-through test

ranked as primary. The measured 96-h LCs, was
20.4 mg-L-1 TECA. In a static, unmeasured test
ranked as secondary, Buccafusco et al. (1881)
obtained a 96-h LCsy of 21 mg-L-! TECA for
young-of-year L. macrochirus. '

The U.S. EPA (1978) and Heitmuller et al.
(1981) obtained 96-h.L.Cs, values for L. macrochi-
rus and the marine C. variegatus, respectively.
However, these two studies were deemed unac-
céptable because no information was provided
regarding experimental design and test condi-
tions. ' :

Invertebrates

EDC

Richter et al. (1983) conducted 48-h static,

- measured tests ranKed as primary on first instar

Daphnia magna. The 48-h LCg, values for fed and
unfed D. magna were 320 and 270 mg-L-! EDC,
respectively. The corresponding 48-h ECy,
values based upon complete immobilization were
180 and 160 mg-L-1 EDC for fed and unfed D.
magna, respectively. LeBlanc (1980), who
examined first instar D. rmagna in static tests

‘ranked as secondary because concentrations

were not measured, found a 48-h L.Cz, value of
220 mg-L-' EDC.

The only acceptable marine study found was
on the brine shrimp (Artemia salina). This spe-
-cies was found to have a 24-h ECs, (immobiliza-
tion) of 93.6 mg-L-1 EDC in a static, measured
test ranked as primary (Foster and Tullis, 1985).
In a similar experiment on this shrimp undér salin-
ity stress (25% artificial seawater), an ECg, of
36.4 mg-L-! EDC- was found (Foster and Tullis,
-1985) ; this test was ranked as secondary.
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A study by the U.S. EPA (1978) found a 48-h
LCyp for D. magna; however, this study was
deemed unacceptable because no information
was provided regarding experimental design and
test conditions. '

A static test by Pearson and McConnell
(1975), in which the barnacle (E/minius modes-
tus) was exposed to seawater containing a known
‘concentration of EDC, was deemed unaccept-
able because no information was provided
concerning other test parameters.

TCA

The acute toxicity of TCA to freshwater inver-
tebrates has been considered in only one study
(LeBlanc, 1980). In this static test, ranked as

secondary because concentrations were not

measured, D. magna (<24 h old) did not suffer
any mortality at 530 mg-L-1 TCA, the highest
concentration tested.

Toxicity studies on E. modestus and mysid
shrimp (Mysidopsis bahia) were conducted by
Pearson and McConnell (1975) and the U.S. EPA
(1978), respectively. Both of these studies, how-
ever, were deemed unacceptable because no in-
formation was provided on test conditions and ex-
perimental design. :

TECA .

Only two acute toxicological studies of TECA
- on freshwater invertebrate species were found,
both of which used first instar D. magna (<24 h
old). In a study ranked as primary, Richter et al.
(1983) determined 48-h LCs, values of 62 and 57
mg-L-! TECA for unfed and fed. D. magna, re-
spectively. When complete immobilization was
used as the biological end point, the 48-h ECs
-values were 23 and 25 mg-L-! TECA for unfed
and fed D. magna, respectively. In a static,
unmeasured test ranked as secondary, LeBlanc
(1980) found. that D. magna had a 48-h LCs of
9.3 mg-L-! T!’:"CA_.- B

The only study that considered the acute toxicity of
TECA to the marine invertebrate myrid shrimp (M.
~ bahid) (U.S. EPA, 1978) was deemed unacceptable
because no information was provided regarding test

~ conditions and experimental design.
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Plants
EDC

The toxic effects of EDC on the green aiga
.Selenastrum capricornutum were determined us- .
ing the measured responses of chlorophyll-a
level and cell number (U.S. EPA, 1978).
However, this study was deemed unacceptable
because no information was provided regarding
experimental design and test conditions:.

The only EDC toxicity study conducted on
marine . algae (Phaeodactylum tricornutum)
(Pearson and McConnell, 1975) was also
deemed unaccéptable because no information

was provided on other test parameters.

TCA
As with EDC, the only TCA toxicity study
conducted on freshwater algae was performed by

the U.S. EPA (1978) on S. capricornutum. How-
ever, this study was ranked as unacceptable

 because no information was provided on test

conditions or experimental design.

Pearson and McConnell (1975) conducted an

. ECsp (carbon intake) toxicity study on the marine

algae P. tricornutum in a static, measured test;
however, this study was deemed unacceptable
because insufficient information was provided on
other test parameters:

TECA

A study by the U.S. EPA (1878) on the toxicity
of TECA to freshwater S. capricornutum was
deemed unacceptable because information was
not provided on experimental design and test
conditions. No studies on marine algae were
found. ‘

Chronic Toxicity .
The e’ffeéts of chlorinated ethanes on aquatic

biota during chronic exposures are summarized

in Appendix B. '

Fish

EDC

In a study ranked as primary, Benoit et al.
(1982) observed no effects on egg hatchability




‘and survival and no deformity of -P. promelas at using a flow-through, measured test ranked as a
59 mg-L-1 EDC, the highest concentration - primary study. Egg hatchability was unaffected at
tested after a 28-d exposure. However, atthe same 22.0 mg-L-1 TECA, the highest concentration -
concentration, juvenile weight gain was reduced by tested. The LOEL for 10-d larval survival was
2% (lowest-observed-effect level, o LOEL). Atthe 10.6 mg-L-1 TECA, and the LOEL for 28-d

second highest concentration tested (29 mgdi juvenile survival was 11.7. mg-L-1. Twenty-
EDC), no effect on weight gain was noted (no- - eight day fry growth was unaffected by the
observed-effect level. or NOEL). -highest TECA concentration used (15.8 mg-L-1),

. due in part to the _Iarge_ variation found to be
Black et al. (1982), in a primary-ranked associated with fry growth.
study, exposed fertilized eggs and larvae of i

O. mykiss to EDC in a flow-through test. The D.L. DeFoe (U.S. EPA, unpubl. data) con-
ECso for hatchability and the LCs, for 4-d post- ducted early life stage toxicity studies of TECA
hatch survival were both 34 rng-L-1 EDC. Black . using P. promelas: However, this study was
. et al. (1982) used the same experimental proto- . deemed unacceptable because other test pa-
col to determine the effects of EDC on hatchabili- rameters ‘were not reported.
ty and 4-d post-hatch survival of two amphibians '
= the northwestern salamander (Ambystoma gra- No studies were found on the chronic toxicity
cile) and the leopard frog (Rana pipiens). of TECA to marine fish.

- Ambystoma gracile had a hatchability ECsq of 6.53

- mg*L-1, a 4-d post-hatch LCsp of 2.54 mg-L-1
EDC, and a 4-d post-hatch LOEL (23% reduction
in survival) of 0.99 mg‘L*! EDC. The carre- EDC
sponding values for R. pipiens were 4.52, 4.40,
and 1.07 mg-L-1 EDC (24% reduction in post-
hatch survival), respectively:

Invertebrates

- Only one ‘study has examined. the chronic
toxic effects of EDC on freshwater invertebrates.
Richter et -al. (1983) exposed D. magna to a

In  a freshwater -study, coho salmon i - - ;
e L y ( range of EDC concentrations in a flow-through,

(Oncorhynchus kisutch) experienced 100% alevin , ’ . C 2
mortality 9 d after hatching after exposure for ~ Measured test ranked as primary. The NOEL and
21 dto 73 mg-L-1 EDC in a static, measured test LOEL values for reg)roductlve success were 10.6
- ranked as primary (Reid et al., 1982). In this  @nd 20.7 mg-L-! EDC, respectively. The

. 46% of i t hatch af XDOSUTE influence of EDC on growth was less severe, with
ts;u1d 54 1:7619/0 E—Jef%gsz(:‘%?o aieh after exposu NOEL and LOEL values of 41.6 and 71.7 mg-L-1

o EDC, respectively. '
During a 32-d exposure period, the chronic

toxicity of EDC to the early life stages (embryo, - In the only study found on the chronic toxic
larvae) of P. promelas was examined by the U.S. = effects . of EDC on a marine invertebrate,
EPA (1978). However, this study was deemed hatchability was reduced 90% in the polychaete
- unacceptable because insufficient information Ophryotrocha labronica after exposure to 400
was provided on experimental design and test mg-L-1 EDC for 15 d (Rosenberg et al,, 1975).
parameters. : ’ - : ' »
TCA

TCA , .

Only one study on the chronic toxicity of TCAto - Only one chronic study on a freshwater
freshwater fish was found. T'hompson and invertebrate was found. Thompson and Carmichael
Carmichael (1989) reported a 17-d LOEL of 30 +(1989) reported a 17-d LCq of 54 mglL' in a
mgL for effects of toxicity and weight gain for the static-renewal test ranked primary on D. magna, N6

. mirror carp (Cyprinus carpia) in a flow-through “studies were found regarding the chronic toxic
measured test ranked primary. No studies were effects of TCA on marine invertebrates.

found regarding the chronic toxicity of TCA to '

marine fish. ' TECA ,

TECA As with EDC, only the study by Richter et al.

(1983), ranked as primary, examined the chronic
toxicity of TECA to a freshwater invertebrate. The
NOEL and LOEL values for reproductive success

The chronic, toxicity of TECA to the early life
stages of J. floridae was studied by ATRG (1988)
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of D. rnagna weke 6.9 and 14.4 mg:-L“, respec-
tively, in a flow-through, measured test. .

No studies were found on the chronic toxic
effects of TECA on marine invertebrates.

Pilants

No studies were found. that examined the
long-term toxic effects of EDC, TCA or TECA on
aquatic plants

Carcmogemc:ty, Mutagenicity, and
Teratogenicity

EDC .

Direct reports of epi'dem_iologica_l studies on the
carcinogenicity of EDC in humans are not
available. However,
laboratory -animals have shown an increased
incidence of benign and malignant tumours in
mice and carcinomas in rats exposed to EDC.
These results led the National Instituteé for
Occupational Safety and Health in the United
‘States to recommend that EDC be handled in the
workplace as if it were a human carcinogen (U.S.

several studies with -

EPA, 1985). Connor (1984) estimated that EDC

‘presents a greater carcinogenic risk (1.3-2.2 x

10-5, the ratio of the excess lifetime cancer inci-

. dence in the human population based on 1.2-2.1

pg-L-1 EDCin groundwater) than does vinyl chlo-
ride, a known carcinogen _(carcinogenic risk,
0.8-1.2 x 10-6, based on 1.6-2.5 mg-L-1 vinyl
chloride in groundwater). No information is
available on. the carcmogemc risk of EDC to -
aquatic biota. . .

Based on an extensive survey of the

literature, Konietzko (1984) and the U.S. EPA

(1985) concluded that EDC is a weak mutagen.

Several studies have indicated that EDC is
teratogenic, both to laboratory rats (for a review,
see Konietzko, 1984) and to A. salina (Kerster

- and Schaeffer, 1983).

TCA

Based on the available data, TCA does not
appear to be carcinogenic, mutagenic, or terato=.
genic (U.S. EPA, 1982; Connor, 1984; Konletzko.
1984)

Table 8. Recommended Water Quality Guidelines for Chlorinated Ethanes
Guideline (mg-L™")

Water use o EDC © TCA " TECA
Raw water for drinking _0.005(M 1)) _ D

water supply Co

; , S - |

Freshwater aquatic life © 0.1 D’ ID
Marine aquatic life D ID D
Agricultural uses :

Livestock watering - . 0.005(4) ID ID

Irrigation ID D 1D
Recreational water quality _

i anq aesthetics ID ID ID

ID D . ID

Industrial water supplies _

ID = insufficient data

M interim maximum acceptable concentratnon (IMAC) proposed by Federal-ProvmcIaI Subcommlttee on Drinking’ Water

(Health and Welfare Canada, 1989)

@  Awaiting review of Federal-Provmcial Subcommittee on Drinking Water

"~ @ Initerim guideline:

@) Canadian drinking water guldeline {Health and Welfare Canada, 1989) adopted as interim Canadian livestock watering gundelme
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TECA

' No information was found rega}rdin'g possible
carcinogenic, mutagenic, or teratogenic effects
-of TECA on humans, other mammals, or aquatic
biota.

SUMMARY OF RECOMMENDED GUIDELINES

A review was conducted of the available

" information on the physical and chemical

properties, environmental concentrations, en-

_vironmental fate and behaviour, bioaccumulation

potential, and toxi¢ effects on aquatic biota of
1,2-dichloroethane (EDC), 1,1,1 -trichloroethane
(TCA), and 1,1,2,2-tetrachloroethane (TECA)
(Appendix C). Table 8 summarizes the recom-
mended guidelines for the protectlon and mainte-
nance of the major water uses in Canada.

Raw Water for Drinking Water Supply

The Federal-Provincial Subcommittee on
Drinking Water has proposed an interim guideline
of 0.005 mg-L-1 EDC for this water use (Health
and Welfare Canada, 1989). I, after 1 year, no
evidence is presented that questions the
suitability of the proposed value, it will be adopted
as the guideline.

A drinking water guideline for TCA is under
review. for possible addition to the guidelines.
Health and Welfare Canada (1989) has not
prepared a maximum acceptable concentration
for TECA in dnnkmg water.

Freshwater Aquatic Life

The acute toxicity of the chlorinated ethanes
to freshwater fish and invertebrates appears to
increase with increasing chiorine content (Figs.

. 7,8,and9). Forinstance, P. promelas had-LCs,

values of 116-136 mg'L~! for EDC, 42.3-105
mg-L-1 for TCA, and 20.3-20.4 mg-L-" for

TECA. The pattern of increasing toxic effects of

chlorinated ethanes as chlorine content in-
Creases may also occur during chronic expo-
sures (Fig. 10). However, there are insufficient
data to accurately assess this trend.  In
particular, no chronic exposure tests have been
conducted with- TCA. .

_EDC

Pimephales promelas

P. promelas - Freshwater fish

P. prbmelas
O:ieorhynchul ’nyklu
. o.mykss
Poecllia reticulata
Lepomis macmcMms

L. macrochirus

_ Daphnia magna
D. magna

D magna | " Freshwater

D. magna | 180 Invertebratgs

"D magna

D. magna

Concentration (mg-L')

Figure 7. Observed LCgy and ECgo responses
' in aquatic biota after acute
. exposure to EDC.

EDC

An interim Canadlan water quality gundelme of
0.1 mg-L-1 EDC is recommended for the protec-
tion and maintenance of freshwater aquatic life.
This level was derived by applying a safety factor
of 10 to the lowest chromc value observed
CCME, 1991), which was a 23% reduction in post- }
hatch survival (LOEL) of A. gracile exposed from
the time of fertilization to 4 d post-hatch at a
measured concentration of 0.99 mg-L™' EDC in a
flow- through test (Black et al., 1982).

Users of this guideline should' note that
-development of Canadian aquatic guidelines is
based on the most sensitive aquatic ‘organism
resident to Canada, irrespective of species
range, location, and size. When site- -specific
objectives are developed, the most sensitive
local species may be considered. The data base
considered in this report (Appendices A and B)
did not have the minimum number of acute and
chronic toxicity data from studies on inverte-
brates and plants to proceed with full guideline
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Freshwater fish

Concentration (mg-L‘"'), ’

Figure 8.. Observed LCso and ECsg responsés
in aquatic biota after acute
exposure to TCA .

development (Fig: D- 1) (CCME, 1991) Further,
there has been insufficient research to reliably
determine the environmental fate and behaviour of
EDC (see Fig. 4) (CCME, 1991). Therefore, 0.1

mgL’' EDC is recommended as an interim

guideline.
TCA

No Canadian water quality guideline or interim
water quality guideline for - TCA is recommended
for the protection and maintenance of freshwater
aquatic life. The data considered in this report
included only one fish and one invertebrate
(Thompson and Carmichael, 1989) chronic
exposure study and therefore did not meet the
minimum data set requirements for developing a
Canadian water quality guideline (Fig. D- -2) (CCME,
1991). In addition, no toxicity studies were available
for a cold-water fish. species, nor were there any.
studies available for an invertebrate species other

18

_Fr'eshWate_r fish

- Lopomis macrochirus &

~ Poecilis reticulata

Freshwater
invertebrates

- Concentration (mg-L")

Figure 8. Observed LCs and ECgg responses
i in aquatic biota after acute
exposure to TECA.,

" than  Daphnia. Therefore, as specified in CCME

(1991), there were insufficient data to develop a

" Canadian interim water quality guideline.

TECA

As with TCA, there are insufficient data

' ava_i]&pl'e to recommend a Canadian water quality
- guideline or interim water quality guideline for

TECA (Fig. D-3) (CCME, 1991). In particular,
primary toxicity studies are required for a cold-
water fish species and for an invertebrate species
other than Daphnia. Further, little is known of the
environmental fate and behaviour of TECA. Until
the partitioning behaviour between environmental
compartments and the. kinds of biological and
chemical reactions that affect its persistence are
better understood, a water quality guideline cannot

" be derived (CCME, 1991). The derivation of an

interim guideline requires primary or secondary

toxicity studies on a cold-water fish'species and on
. an mvenebrate species other than Daphnia.
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' T EREET Erestiwater fish
Ambystoma gracile j“' and amphibians

Rana piplens ‘ Lo

s Freshwater
brates .

Freshwater fish

Freshwater
invertebrates

Concentration (mg-L")

Figure 10. Observed significant LOEL.
responses in aquatic biota after
chronic exposures to EDC and
TECA, - '

Marine Aquatic Life
EDC
There are insufficient data to calculate a

Canadian water quality guideline for EDC for the
' protection and maintenance of marine aquatic life

(Fig. D-4). The only primary ranked data available

were from an acute study (Foster and Tullis, 1984)
for A. salina and from two secondary studies forthe
tidewater silverside Meridia beryllina and the
polychaete Ophryotrocha labronica. Further, little is
known of the environmental fate and behaviour of
EDC. Before an interim guideline can be derived, at
least one toxicity study on a temperate marine fish
will have to be conducted. '

TCA

There are insufficient data to recommend a

Canadian water quality guideline for TCA for the

protection and. maintenance of marine aquatic iife

(Fig. D-5) (CCME, 1991). The studies by Heitmuller

et al. (1981), Pearson and McConnell (1975), and
the U.S. EPA (1978) did not report experimental

_ conditions in sufficient detail to warrant inclusion in

the minimum toxicological data set. As reported in
Figure D-5, at least three primary toxicity stuidies
on temperate marine fish species, two primary
toxicity studies on temperate marine invertebrates
from different. classes, and one primary toxicity
study on a temperate marine plant are required
before a Canadian water quality guideline can be
recommended. Four of these studies must be
chronic exposure studies. To derive an initerim

'guideline, primary or secondary toxicity studies on

a least two fish species and two invertebrate

- species from different classes are required. Further,

each species must be a temperate marine species.

TECA

“There are insufficient data to develop a
Canadian water quality guideline for TECA that will
protect and maintain marine aquatic life (Fig. D-6)
(CCME, 1991). The only studies that considered
the effects of TECA on marine biota were acute
exposure studies on M. bahia and  Skeletonema

. costatum by the U.S. EPA (1978) and Cyprinodon

variegatus by Heitmuller et al. .(1981). These
studies did not report experimental conditions and
cannot be included in the minimum toxicological -
data set. As reported in Figure D-6, at least three
primary toxicity studies on temperate marine fish
species, two primary toxicity studies on temperate
marine invertebrates from different classes, and -
one primary toxicity study on a temperate marine _
plant are required before a Canadian water quiality °
guideline can be recommended. Four of these
studies must be chronic exposure studies. Further,
little is known of the environmental fate and
behaviour . to- TECA. Derivation of an interim
guideline requires that primary or secondary toxicity
studies on a least two fish species and two-
invertebrate species from different classes be
conducted. Each species must be a temperate
marine species.

Agricultural Uses
Livestock Watering

No data could be found regarding the toxicity
of chlorinated ethanes to domestic livestock and

related biota. In the absence of such data for
other chemicals, Canadian drinking water quality
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guidelines are adopted as interim livestock water
quahty guidelines as a means of providing a
margin of safety for livestock and . preventing
unacceptable residués in animal products. The
EDC interim drinking water guideline of 0.005
mg-L-1is recommended as the interim Canadian
livestock watering guideline to protect this water
use. As drinking water quality guidelines for TCA

and TECA are not available, there is insufficient

information to develop Canadian water quality

guidelines for livestock water for these two .

chlorinated ethanes.
Irrigation

No data exist regarding the toxicity of
chlorinated ethanes to terrestrial macrophytes.
Therefore, there is insufficient information to
develop Canadian water quality guidelines for
Ilrngatnon water for the chIonnated ethanes.

Recreational Water Quality and Aesthetics

Recreational water quality can be aesthet-
ically impaired by an offensive odour, taste, or
colour. EDC, TCA, and TECA are colourless

liquids with threshold odour concentrations in wa- -

ter of >20, 50, and 5 mg-L-1, respectively (Ar-
cher, 1979; Verschueren, 1983). The odour
threshold for EDC is above the guideline level
suggested above for freshwater aquatic life, and
thus recreational water quality and aesthetics
should be protected at levels that protect and
maintain aquatic life. ‘It is unknown jf fish tainting
and taste would be protected by the freshwater
aquatic life guideline for EDC.

Although freshwater aquatic life guidelines '

could not be recommended for TCA and TECA,
several studies have suggested that the threshold
odour concentrations for these compounds
would have deleterious effects on aquatic biota
(TCA, Alexander et al., 1978; TECA, LeBlanc,
1980). As it is the aim of the CCME to protect the

most sensitive water uses in preparing Canadian -

water quality guidelines, no recreational water
quality guidelines are recommended for TCA and
TECA.

20

TECA in the aquatic environment.

Industrial Water Supplies

To date, there is no indication that chlorinated
ethanes pose a threat to industrial water supplies.
However, until a survey of industry requirements
regarding water quality is conducted, develop-
ment of Canadian water quality guidelines for
industrial water supplies cannot be attempted.
Such .a survey is under way, and guideline
development for this water use may be possible
at a future date.

DATA GAPS

Numerous data gaps exist with regard to the

“occurrence, fate, and toxicity of the chlorinated

ethanes in Canadian aquatic ecosystems. The
toxicity information requiréd to produce
guidelines for each of the chlorinated ethanes for
the protection and maintenance of freshwater
and marine aquatic life was summarized above.
As well, several other data gaps exist that need
further investigation. At present, there is no
monitoring information available for much of .
Atlantic Canada, Manitoba, Saskatchewan,
British Columbia, the Yukon, or the Northwest
Territories with regard to levels of EDC, TCA, and
This is -
particularly evident with TECA, which has been
quantified' at only a few sites in Ontario and
Alberta. Similarly, little is known of the environ-
mental fate and behaviour of EDC and TECA in
the aquatic environment. The major removal

processes, degradation products, and environ-

mental persistence of these chlorinated ethanes
need to be sither determined or better quantified.
Finally, only one study has considered the bioac-
cumulation potential of EDC, TCA, and TECA
(Barrows et al., 1980), and thus further investiga-
tion is deswable Until the above environmental
fate and behaviour and bioaccumulation data are
acquired, particularly for EDC and TECA, aquatic
life guidelines for these compounds cannot be
recommended. ' .
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Appendix A |
Acute Toxicity of EDC, TCA,
and TECA to Aquatic Organisms




Table A-1. Acute Toxicity of 1,2-Dichlorethane (EDC) to Aquatic OrganiShs

L2

, Test : , LCsg (mg-L-1) ECso {mg-L-")
Organism Methods rank - Test conditions ) . Reference
Green algae ° E-{{V) UN ' ' _ ' : : >433 U.S. EPA, 1978
+(Selenastrum : } - : . .
capricornutum) ) .
Water flea S(M) PR 20 °C ' . : N
{Daphnia ) pH 7.1-7.7 (u) 270 (u) ) : 160 (u) Richter et al.,
magna) ) pH7.0-7.5 (f) {250-190)* . : (140-190) 1983
44,7 (43.5- - o 320 (f) ’ 180 (f)
47.5) mg* L™ CaCOy (270-410) {150-230)
7.9-9;9 ' mg-L~1 DO (u) . : : : “
4.1-8.4 mg-L"' DO (f) '
Water flea . S(u) SE 22°C =z 1°C 250 220 LeBlanc, 1980
(Daphnia . ’ . : pH 6.6-8.1 - (190-320) (160-280)
magna) . 72mg'L-! CaCcO,
6.5-9.1 mg'L-' DO ' .
Water flea S{u) UN : 218 U.S. EPA, 1978
(Daphnia magna) ’ .
Water flea . S{M) - PR 20 °C ) 268,0 Ahmad et al.,
(Daphnia - pH6.7-7.6 ) 1984
magna) ‘ _ 43-57 mg*L-1 CaCO,3
' 7.0-9.6 mg-L-' DO
Arﬁphlpdd S(U),- SE - 21 °C : >100 >100 Mayer and
(Gammarus : pH 7:1 Ellersieck, 1986
fasciatus) : o 44 mg-L-! CaCO3
Stonefly ' S(u) SE  15°C ' " >100 V >100 Mayer and
(Pteronarcys . pH. 7.1 : Ellersieck, 1986
californica) o ~ 44 mg'L™! CaCOy
* 95% confidence limits in parentheses.
‘8§ = éta‘tlc conditions ) ) ~u = unfed
F = flow-through conditions ) ) ot =fed
U = unmeasured concentrations: V L " DO = dissolved oxygen
M = measured concentrations ) . . ’
- ‘PR = primary study, which may be included in minimum data set for Canadian water quality guidelines or interim guidelines
SE = secondary study, which may be included in minmimum data set for interim Canadian water quality guidelines h N
UN = unacceptable study, which cannot be included in minimum data set for Canadian water quality guidelines. or interim guidelines
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Table A-1 Continued

\

ECgo (mg-L~")

reticulata)

>5.0 mg-L~' DO

Test o " LCso (mgL™") . '

Organism Methods rank Test conditlons 24 h 48 h 96 h ‘24h 48 h 96 h Reference
Rainbow trout S(y) SE 13 °C _ >225 225 ‘Mayer and
(Oncorhynchus PH 71 IR Ellersieck, 1986
mykiss) . 44 mg*1~" CaCOj3 ’ '
Rainbow trout S(U) SE 12 °C 362 340 336 Bartlett, 1979
{Oncorhynchus pH 8.0 (353-387) (314-362) (324-350) ' ’
mykiss) 110mg’L-" CaCO3 . .
Fathead F(M) PR 25°C 136~ Gelger et al.,
minnow pH 7.41 (129-144) 1985a B
(Pimephales . 44.8 mg-L™! CaCOj3 :
promelas) - 7.8mg'L-' DO :
Fathead F(M) PR 25°C +1°C 118 Veith et al., 1983
minnow mean pH = 7.5 :
(Pimephales 455 mg'L-1 CaCO3
promelas)
Fathead F(M) PR. 25°C+1°C : 141 118 116 Walbridge etal.,
minnow -pH 6.7-7.6 {131-153) (111-125) (110-123) 1983
(Pimephales 45.1. mg-L-1 CaCO3 - _
promelas) 8.0 mg~L~1 DO
Fathead F{M) PR 25°C” 117.80 Ahmad et al.,
minnow : - pH 6.7-7.6 1984
(Pimephales: 43-57 mg-L~' CaCQO3;
promelas) 7.0-9.6 mg'L-1 DO |
Bluegll S(U) SE 22°C+1°C >600 © 430 Buccafusco et al..
(Lepomis ’ pH 6.7-7.8 ' (230-710) 1981
macrochirus) 32-48 mg-L~! CaCO3 ]

) 7.0-8.8 mg-'L-! DO
Bluegill S(U) SE 23 °C 550 Dawson et al.,
(Lepomis : pH 7.6-7.9 ’ 1975/77 '
macrochirus)’ 55 mg-L~1 CaCOj
Guppy sw) - SE 22°C [106 (168.n)] ‘ Konemann, 1981.
(Poecilia 25'mg'L™! CaCOj3 :
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Table A-1. Continued
Test : LCso (Mg L-") ECso (Mg L")

QOrganism- Methods rank Test conditions h ‘ 24 h 418 h 96 h Reference
Marine algae S(M) UN: 340 Pearson and
(Phaeodactylum McConnell, 1975
tricornutum)
Algae S(U) UN >433 U.S. EPA, 1978
(Skeletonema . ‘ : :
costatum)
Brine shrimp S(M) PR 19 °C 93.6 Foster and Tullis,
(Artemia pH 8.5-8.7 ' 1984

 salina) 6.5-8.1 mg“L.-! DO
Brine shrlmp' S(M) SE 19 °C 36.4' Foster and Tullis,
(Artemia o : salinity stress 1985
salina) (25 % artificial ’
‘ seawater) -

pH: 8.3-8.6
7.3-8.7 mg'L-1 DO -
Mysid shrlrhp S(V) "~ UN 113 U.S. EPA, 1978
{Mysidopsis bahia)
-Shrimp - UN 15°C" . - 75 65 65 “Adema, 1976
(Crangon . )
crangon)
Barnacle S(M) UN 186 Pearson- and
nauplii : N -McConnell, 1975
(Elminius
modestus}) !
' . Heitmuller et al.,
Sheepshead S(V) ' UN >130 ' <230 1981
‘minnow ’
(Cyprinodon
variegatus)
. 7

Dab (Limanda F(M) UN 115 Pearson and
limanda) : - ' S _ McConnell, 1975
Tidewater ~ §(U) SE . 20 °C 480 Dawson et al.,
silverside pH 7.6-7.9 1975/77
(Menidia 55 mg‘L~! CaCO;
beryllina)

6¢
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Table A-2. Toxicity of 1,1,1-Trichloroethane (TCA) to Aquatic Organisms

macrochirus)

7.0-8.8 mg'L-' DO

~ Test LCsp (mg-L-1) ECsp (Mg L)

- Organism *Methods .rank Test conditions 4 h 438 96 F ] 96 h Reference
‘Green algae S(U) UN >669 U.S. EPA, 1978
{Selenastrum
‘capricornutum)

Water flea. S(Y) SE 22°C+1°C . >530  >530 LeBlanc, 1980
{Daphnia ’ pH 6.5-8.1 o . )
-magna): 72.mg'L"1 CaCO,

6.5-9.1 mg'L-1' DO

" Fathead - S(u). SE 12 °C 105  Alexander et al.,
minnow pH 7.8-8.0 (91-126) * 1978
(Pimephales >5.0 mg L DO ‘ : .
promelas) F{M) PR i2 °C 52.8 11.1

pH 7.8-8.0 (43.7-77.7) (10-12.86)

27 mg -1 CaCO, ‘
Fathead E(M) PR 25.0 °C 42.3 , 28.8 Geiger et al.,’
minnow pH 7.99 . (35.2-50.7) {23-36.2) 1985b
(Pimephales 46.4. mg-L~" CaCO, :
promeias) -65mg'L~' DO _
Bluedgill S(U) UN- T 69.7 U.S. EPA, 1978
(Lepomis . . .
macrochirus)
Bluegill SW) . SE 22°C+1°C 110 72 Buccafusco et al.,
(Lepomis : : pH 6.7-7.8 © . (57-90) 1981

32-48 mg-L-V CaCO, .

* 95% confidence limits in parentheses:

5

cTno
nouwon

~ PR
SE

~ static conditions:.
flow-through conditions
unmeasured concentrations -

M

= measured-concentrations

. DO = dissolved oxygen

primary study, which may be included in minimum data set for Canadian water quality guidelines or interim guidelines
secondary study, which may be included in minmimum data set for interim Canadian water quality guidelines
unacceptable study; which cannot be included in minimurm data set for C_anadian-water quality guidelines or interim guidelines:



Table A-2. Continued

Test . | LCsp(mglTh) ECso (mg-L™")

Organism . o Mefhods rank Test conditions . 24h 48 h 96 h 24 h 48 h 96 h Reference-
Reference: ) )

Guppy S({V) SE 22.°C ' ’ [133(168 h)] : ’ ' . Konemann, 1981
(Poecilia 25:mg" L' CaCO," , : - .
reticulata) o : >5.0 mg-L~t DO

MARINES SPECIES

Marine Algae T s(M) UN » ' 5 " Pearson and

* {(Phaeodactylum .- : McConnell; 1975
tricornutumy _ , :
Algae SU) UN . ' >669 U.S. EPA, 1978
(Skeletonema . .
costatum) /

Mysid shrimp: S(U) UN o _ 312 ‘ : : U.S. EPA, 1978
(Mysidopsis . : . )
bahia) -

Barnacle S(M). UN 7.5 . Pearson and
nauplli _ o i ’ ' McConnell, 1975
{Eiminius - : .
modestus)

'Dab F(M) UN 33 ' o " Pearsonand
(Limanda : ' i : - McConnell, 1975
limanda) o
Sheepshead ) S(Uy UN ' 68 71 Al Heitmuller et al. ,.
minnow - {57-79) (60-81) {60-81). . . 1981
(Cyprinodon - . ' . :
variegatus)

L
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" Table A-3. Acute Toxicity of 1,1,2,2-Tetrachloroethane (TECA) to Aquatic Organi§ms

Test , ' LCso (Mmg-L~"): ECsp (Mg L1

Organism Methods rank Test Conditions 24 h 48h  96h 24 h 48 h 96 h ‘Reference.
ERESHWATER SPECIES | : )
Green algae -110) ] UN . o ' : ) 136 U.S. EPA, 1978
(Selenastrum ) : :
capricornuturm,) . L '
Water flea S(M) PR 20°C : ' 62(u) S 23 (u) Richter et al.,
{Daphnia magna) : . pH 7.1-7.7 {u) . (56-71) ) {16-35) 1983
: i i o . pH 7.0-7.5 (f) } 57 (f) 25 {f)

44.7 (43.5-42.5) mg-L-! CaCO,, (50-66) ) (22-28)

7.9-9.9 mg-L"? DO {u) - ‘

4.1-8.4 mg-L-1 DO (f)
Water flea . ) . SE 22 °C +1 °C 18 © 9.3 LeBlanc, 1980
(Daphnia magna) = pH 7.4-9.4 (12-24) (6.8-13) o
Water flea S(M) PR 20°C 621 o Ahrnad et al..
{Daphnia magna) : pH 6.7-7.6 . ) : ’ 1984

43-57 mg*L~! CaCO;, - : : ' ’

7.0-9.6 mg-L-1 DO
Fathead B F{M) PR 25°C £ 1°C : 20.3 - Velth et al..
minnow mean pH = 7.5 . : 1983
{Pimephales . © 45.5 mg*L-" CaCO,
promelas) : R
Fathead F(M) PR . 25°C+1°C - 22.8 222  20.4 o Walbridge
‘minnow ) . pH6.7-7.6 (21.9-23.8) (21.2-23.1} (20.0-20.9) et al., 1983
(Pimephales 45.1 mg-L-' caCO, ‘ -
promelas) ‘ 8.0 mg'L™1 DO
Fathead F(M) PR 25.6 °C : o 20.3 : Gelger et al.,
minnow ) . pH 7.3 . (19.9-20.7) . . 1985¢
(Pimephales ) ' 45.2 mg-L-! CaCO, . : : .
promelas) ' : 7.8 mg’L"! DO

*95% confidence limits in parentheses:

fed _ M

K = = measured concentrations

u. = unfed . ‘DO = dlssolved oxygen .

S8 = static conditions ) F = flow-through conditions

U = unmeasured concentrations : . v
PR = primary study, wh|ch may be included in minimum data set for Canadian water quality guidelines or interim guidelines

SE "= secondary study, which may be included in minmimum data set for interim Canadian water quality guidelines

UN =

unacceptable study, which cannot be included in minimum data set for Canadian water quality guidelines or interim guidelines

1
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Table A-3. Continued

: : Test LCso (mg-L1) ECso (mg-L™") o

Organism Methods rank Test Conditions: 24 h 48 h 96 h 24 h 48 h 96 h . Reference -
Fathead . P(iM) PR 25 °C - . 20.3 . Abhmad et al.,
minnow : . * pH 6.7-7.8 S o 1984 .
(Pimephales 43-57 mg:L-1 CaCO, o
promelas) = o 7.0-9.6 mg*L"? DO
Bluegill - S(U) SE 22°C=zteoC 21 21 . Buccafusco
(Lepomis . pH 6.5-7.9 . {20-22) : P et al., 1981
macrochirus) - » 32-48 mg L' CaCO, :

: 7.0-8.8 mg-L-! DO
Bluegil s(u)  UN _ 21.3 : o U.S. EPA, 1978
(Lepomis’ : : :
macrochirus)
American S(U) SE . 25°C+1°C . 26.8 ’ ATRG, 1988
flagfish pH 6.95 . (21.3-33.7) o
{Jordanella 48 mg-L-! CaCO,
floridae) o . >6.9mg'L-!' DO
American ' F{M) PR 25°C +1°C 18.5 ATRG, 1988
flagfish. pH 6.95 ) . (16.4-20.8) : )
(Jordanella _ 48 mg-L-1 CaCO;,
floridae) 7 A >6.9mg-L-1 DO
Guppy S(u) SE 22 °C [37.0 (168 h}] : ’ Konemann, 1981
(Poecilia : 25 mg'L-! CacoQ, -
reticulata) ' >5.0mg‘'L-' DO : v _
Algae -1V} "~ UN : - 3 o 6.44 ‘ 1 U:S. EPA, 1978
(Skeletonema )
costatum)
Mysid shrimp S(u) UN : : ' v 9.02 : : U.S. EPA, 1978
(Mysidopsis : ’ . -
babhia)
:Sheepshea'd ] S(V) "UN . 19 16 12 ‘ Heitmuller
minnow : -~ T (14-120) (12-20)  (4.7-32) et al., 1981
(Cyprinodon
variegatus)
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Appendix B

Chronic Toxicity of EDC, TCA,
and TECA to Aquatic Organisms




Table B-1. Chronic Toxicity of EDC, TCA, and TECA to Aquatic Organisms™”

, . " Concentration Test
Compound - QOrganisme Effect measured {mg-L"") ) rank. Reference
EDC : Water flea Reproduction—NOEL 10.6 PR. Richter et al., 1983
. (Daphnia magna) - Growth—NOEL 41.6
Reproduction—LOEL 20.7
Growth—LOEL _ 71.7
' EDC Fathead minnow NOEL (29-d growth) ' " 29 PR Benoit et al., 1980
- (Pimephales promelas) LOEL (28-d growth) 59 ,
EDC . Fathead minnow Embryo—LOEL 14 : UN ‘ U.S. EPA, 1980
{Pimephales promelas) Larvae—LEOL 29 -
) EDC Rainbow trout Hatchability—ECgq i 34 , i PR Black et al., 1982
(Oncorhynchus mykiss) Juvenile—LCgq 34 : : :
Juvenile— LOEL : 3.49
EDC- Coho salmon. Time to hatch delayed and 73 PR )  Reld et al., 1982
(Oncorhynchus kisutch) 100 % alevin mortality 9 d : .
)  after hatching . .
Hatchabillity—EC4g - 124

* All studies used flow-through, measured tests.

NOEL = ‘no—observed-effect level

LOEL -~ = lowest-observed-effect level, . . :

PR = primary study, which may be included in minimum data set for Canadian water quality .guidelines or interim guidelines

‘SE = -secondary study, which may be included in minmimum data set for interim Canadian water quality guidelines:

UN = unacceptable study, which cannot be included in minimum data set for Canadian water quality guidelines or interim guidelines

LE
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Table B-1. Continued

Test

(Ophtyotrocha labronica)

_ . : _ Concentration
Compound Organism Effect measured (mgr-L“)- rank Reference
EDC Leopard frog Hatchability—EC,, - 4.52 PR Black et al,, 1982
(Rana pipiens) Juvenile—LC;, 4.40
. Juvenile—LOEL, 1.07
EDC Northwestem Salamander Hatchability—so 6.53 PR Black et al., 1982
(Ambystoma gracile) Juvenile—LC,, 2.54
Juvenile—LOEL 0.99
TCA Mirror camp - LOEL (17-d survival and weight gain) 30 PR Thompson and
(Cyprinus carpio) NOEL (17-d survival and weight gain) 7.7 Camichael, 1989
TCA Water flea LC,, (17-d) ' 5.4 PR Thompson and
(Daphnia magna) NOEL (survival) 1.3 Camichael,. 1989
TECA Water flea Reproduction—NOEL 6.9 PR . Richter ot al., 1983
S (Daphnia magna) Reproduction —LOEL 14.4
TECA American flagfish LOEL (10-d larval survival) 10.6: PR ATRG, 1988
(Jordanella floridae) LOEL (28-d fry survival) 11.7
. o NOEL (estimated for egg hatchability) >22.0
TECA Fathead minnow Embryo-larval — NOEL 1.4 UN - 'D.L. DeFoe, (U.S. EPA,
(Pimephales promelas) Embryo-larval -~ LOEL 4.0 unpubl. data) .,
MARINE SPECIES ‘
EDC Polychaete 'Hatchability—ECe,o (15d) - 400 " SE Rosenberg et al., 1975
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Appendix C
Literature Search

A literature search of the following data bases was conducted to retrieve ahy references that considered
the effects of EDC, TCA, and TECA on major water uses in Canada.

Data base ’ ’ ' ' Coverage period
1, AQUAREF (Canadian Water Resou,rcés Reférencés) ‘ : ‘ 1970-Oct. 1988
2. ASFA (Aquatic Scienices and Fisheries Abstracts) v / 1978-Nov. 1988
3. Biosis o - 1979-Dec. 1988
4. CAS Online (Ohemicgl Abstracts Service) - | B 1967-Dec. 1988
5. -CODOC o | o N 1970-Dec. 1988
6.  COMPENDEX - - - ~ 1970-Dec. 1988
7. ELIAS (Environmental Libraries Automated System) - o 1976—Dec. 1988
8.  ENVROLNE | | ' - 1970-Oct. 1988
9. E‘PB/’(Environmental Bibliography‘) : V | 1974—Apri| 1988
10. FEDERAL REGISTER ABSTRACTS | | 1977-Dec. 1988
11, ' GEOREF (Géological Reference File) | R ' - 1985-Nov. ;988
12, IRF"TC- (international Reference of Potentially : |

Toxic Chemicals) ' : - 1976-Dec. 1988
13, MICROLOG - | - 1979-Sept. 1988
14, NTIS (National Technical Information Servibe) ‘ | ' 1964-Dec. 1988
{5.  POLLUTION ABSTRACTS | o -  1970-Sept. 1988
16. SWRA (Selected Wa_'ter. Resources Abstracts)~ 1968~-Jan. 1989
7. TOXLT ' : : | 1981-Dec. 1988
18. TOXICO , : : | ‘ © 1974-Dec. 1988

Several studies were also obtained by consulting review papers.

1
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Figdre D-1. The minimum data set worksheet for the derivation of a Canadian water qualny guldelme
- for EDC to protect freshwater aquatic life.

“Water Use : Protection of Freshwater Aquatic Life
Compound: 1,2-Dichloroethane, Ethylene dichloride (EDC)
Number of Resident in Additional
Aquatic Biota ' Studies Required Primary North America Requirements * . Reference
Fish 1 X X WARM, CHRONIC Benoit et al., 1982
2 X X : COLD, CHRONIC Black et al., 1982
3 X X ~ COLD, CHRONIC Reid et al., 1982
Invertebrates x X CHRONIC, CL 1, PLK ~  Richiter et al., 1983

N =
x

CcL2 ‘ - Mayer and
: : EIIersieck 1986
Plants : 1.

* Fish (i) at least on cold- and one warm~water specles are required (COLD, WARM)
(i) at least two chronic (partial or full life cycle) studies are required (CHRONIC).

v

Invertebrates: (i) at least two chronic (partial or full life cycle) studies are required (CHRONIC)
(i) at least two Invertebrate classes must be represented (CL 1, CL 2);
(iii) at least one specles must be planktonlc (PLK).

Scientifically Justified Exemptions to Above Requirements: Yes No x .

Minimum Toxicity Dé_'_c_a Set Requirements Met: Yes No x . if no, go to interim guideline section.

Canadian Water Quality Guideline Requirements: - Minimum Environmental Fate Data Set

(1) Are the mobility of the compound and the compartments of the aquatic environment in which it is likely to be found
known? Yes No x

(2) Are the kinds of chemical and biological reactions that take place during transport and after deposition known?
Yes No x

(3) Are the eventual chemical metabolites known? Yes No x

(4) Is the persistence of the compound in water, sediments, and biota known? Yes No x

If the answer is no to ary of the above, go to interim guideline section.

Canadian Water Quality Interim Guideline Requirements:

—
(1) - Are there at least two acute and/or chronic studies for fish and for invertebrates?
. Yes x No
{2) Is one fish specles a cold-water species resident in North Amerlca?
Yes x No
(3) Are the two invertebrate species from different classes, and is one specles planktonic and resident in -

North America? Yes x No

If the answer Is no to ahy of the above then an interim guideline cannot bé calculated. Primary or secondary studies may be
used for the interim-guideline data requirements. : :
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Figure D-2. The minimum data set worksheet for the derivation of a Canadian. water quality

guideline for TCA to protect freshwater aquatic life.

Water Use: . Protection ef Freshwater Aquatic Life

C‘ombo'und: 1,1,1-Trichloroethane (TCA)

Canadian Water Qual_i_ty Guideline Requirements: Minimum Toxicity Data Sheet

Number of ’ Resident in Additional

Aquatic Biota - Studies Required Primary North America 'Requirements * Reference
Fish | 1. X X WARM ' Geiger et al., 1985b
. 2. X x WARM, CHRONIC Thompson and
3, Carmichael, 1989
Invertebrates 1 X X CHRONIC, CL 1, PLK Thompson and
- Carmichael, 1989
Plants 1. '
* Fish (i) -at least on cold- and one warm—water specles are required (COLD, WARM).;
() at least two chronic (partial or full life cycle) studies are required (CHRONIC)
Invertebrates: () at least two chronic (partial or full lite cycle) studies are required (CHRONIC);

(i) at least two Invertebrate classes must be represented (CL 1; CL 2)
(iii) at least one species must be planktonic (PLK)

Scuentlﬂcally Justified Exemptions to Above Requlrements Yes No x ..

Minimum Toxxcnty Data Set Requirements Met. Yes No x . If no, go to interim guideline section.

(1
(2)

(3)

(4)

‘Canadian Water Quality Guideline Requlrements Minimum EnvirOnmental Fate Data Set

Are the mobiliity of the compound and the compartments of the aquatic enwronment in which it is likely to be found
known? Yes x No .

Are the kinds of chemical and biological reactions that take place during transport and after deposltlon known?
Yes x No

Are the eventual chemical metabolites known? Yes x No

Is the persistence of the compound In water, sediments, and biota known? Yes x No

' If the answer is no to any of the above, go' to interim guideline section.

Canadian Water Quality Interlm Guideline Requlrements'

(1)

(2)

(3)

Are there at least two acute and/or chronic studles for fish and for invertebrates?
Yes No X

Is one f|sh ‘species a cold—water species resident in North America? ) ‘ ' ;
Yes No x .

Are the two invertebrate species from different classes, and is one species planktonic and resident in
North America? Yes No x . :

If the answer is no to any of the above, then an interim guideline cannot be calculated Primary or secondary studies may be
used for the interim guideline data requlrements
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Figure D-3, The minimum data set worksheet for the derivation of a Canadian water quality
: guideline for TECA to protect freshwater aquatlc life. -

_ Water Use: Protectj,on‘ of Freshwater Aquatic L‘i,f,e

Compound: 1,1,2,2-Tetrachloroethane (TECA)

Canadian Wé_ter Quality G‘uideline Requirements: M_i,n_lrriu,m Tbxicity Data Sheet

. Number of Resident in Additional :
Aquatic Biota Studies Required Primary North America . Requirements * . Reference
Fish S 1. X X WARM, CHRONIC ATRG, 1988
2. o X . X WARM, CHRONIC Walbridge
o ) - ’ : - et al., 1983
, 3.
Invertebrates 1. X ' X CHRONIC, CL 1, PLK Richter et al., 1983
2 . » o
Plants S
*Fish (i} at least on cold- and one warm-water species are required (COLD, WARM);
(ii) at least two chronic (partial or full life cycle) studies are required (CHRONIC).
Invertebrates: - (i) at least two chronic (partial or full life cycle) studies are required (CHRONIC);
~ (if) at least two invertebrate classes must be represented (CL 1, CL 2);
(iii) at Ieast ohe species must be planktonic. (PLK).
Scientlflcally Justlfied Exemptlons to Above Requirements Yes No x . 4
Minimum Toxicny_ Data Set Requirerents Met! Yes No ‘x . if no, go to interim guideline section.
Canadian Water Quality Guideline RequirementS' Minimum Environmental Fate Data Set
(1) Are the mobility of the compound and the compartments of the aquatic enwronment in which it is Ilkely to be found
© known? Yes No x
(2) Are the kinds of chemical and biological reactions that take place during transport and after deposmon known?
" Yes No «x
(3) Are the eventual chemical metabolites known? Yes . No x
(4) Is the persistence of the compound in water, sedi_ments, and biota known? Yes No x

If the-answer is Ao to any of the above, go to interim guidellne section.
Canadian Water Quality Interim Guideline Requlr‘emen‘tS‘

(1) Are there at least two acute and/or chronic studies for fish and for invertebrates?
Yes No x.

(2) I$ orie fish species a cold—water species resident in North America?
Yes No x

(3) ~ Are the two invertebrate species from different cldasses, and is one species planktonic and resident in

North America? Yes No X

If the answer is no to any of the above, then an interim guidehne cannot be calculated. Primary or secaondary studies may be
used for -the interim guideline data requlrements
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_ Figure D-4. The mihimum data set worksheet for the derivation of a Canadian water quality
' - guideline for EDC to protect marine aquatic life. '

Water Use: Protection of Marine Aquatic Life

Compound: 1,2-Dichloroethane, Ethylene Dichlo_ride {EDC)

Canadian Water Quality Guideline Requirements: Minimum Toxicity Data Set

Number of C Temperate -  Chronic Two Classes

' Aqfu‘at'ic Biota v Studies Required  Primary Species ~ Study Represented Reference

Flsh‘ H 1. x B Dawson et al,
2. ‘ 1975/77
3.

Invertebrates 1. X X Foster anci Tullis, 1984
2 X X X Rosenberg

Plants q. etal, 1975

" Sclentifically Justified Exemptions to Above Requirements: Yes No x.

Minimum Toxicity Data Set Requiremen.,t_'s Met: Yes No x. ‘If n/o~ go to interim guideline section.

Canadian Water Quality Guldeline Requirements:  Minimum Environmental Fate Data Sheet

(1) . Are the mobility of the compound and the compartments of the aquatic envnronment in which it Is hkely to be

found known? Yes No x _ .
(2) Are the klnds of chemical and blologlcal reactlons that take place durlng transport and after deposition known?
Yes No x

(3) Are. the e’ventual chemical metabolites known? Yes No x

(4) Is the persistende of the compound in water, sediments. and biota known? Yes No x

If the answer is no to any of the above, go to interim guideline section.I

banadian Water Quality Interim Guideline Requiremerits: .

(1) A,rev‘ theré at least two acute and/or chronic studies for marine fish and for marine invgrtebrafce's‘? Yes No x

_(2) - Is one fish species a.tempel;aft__e speciles? Yeé x No )

(3) Are the two invertebrate species from different classes, and Is onew of the species temperate? Yes No X

If the answer is nio to any of the above, then aﬁ interim guideline cannot be calculated. Primary or'secondary studies may be used for

the Interimi guideline data requirements.
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Figure D-5.. The minimum data set worksheet for the derivation of a Canadian water quality
' gundelme for TCA to protect freshwater aquatic life.

Water Use: Protection of Marine Aquatic Life

Compound: 1,1,1-Trichloroethane (TCA)

Canadian Water Quality GUIdeIIne Requirements: Minimum Toxicity Data Set

-~

o "Number of ' Temperate Chronic Two Classes

Aduatic Blota Studies Required Primary Species - - Study Represented - Reference

Fish 1. -
2.
3.

Invertebraies ’ 1.

Plants o o 1.

'Sclentifically Justified Exemptions to Above Requirements: Yes No x.

Minimum Toxicity Data Set Requirements Met: Yes No x. If no, go to interim guideline section. -

Cénadian Water Quality Guideline Redquirements:  Minimum Environmental Fate Data Sheet

(1) . * Are the mobillity of the compound and the compartments of the aquatic environment in which it Is likely to be
i - found known? Yes No x

(2) . Are the kinds of chemical and biological reactions that take place during transport and after deposition khown?
Yes No x
' (3)  Are the everitual chemical metabolites known? Yes No x : ‘ .
(4)' "Is the persl_stence of the compound in watér, sediments, and biofa known? Yes No x

If the answer Is no to any of the abave, go to interim guideline section.

Canadian Water Quality Interim Guideline Requirements ;

(1) Are there at least two acute and/or chronic studies for marine fish and for rharine invertebrates? Yes No x
(2) Is pne‘fish species a temperate specieS?' Yes No x
(3) Are the two invertebrate species from different classes, and is one of the species temperate‘? Yes No x

If the answer is no to any of the above, then an interim guideline cannot be calculated. Primary or secondary studles may be used for the
interim guideline data requirements. : i
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Figure D=6. The minimum data set worksheet for the derivation of a Canadian water quality
: guideline for TECA to protect marine aquatic life.

Water Use: Protection of Marine Aquatic Life
Compound: 1,1,2,2-Tetrachloroethane (TECA)

- Canadian Water Quality _Gu)'deline Requirements: Minimum Toxicity Data Set

Number of = . Temperate ~  Chronic P 'Two Classes

~ Aquatic Biota » Stucies Required . Primary " Species Study " Represented ‘Reference
Fish 1.
| 5 v
Inyérebrates 1. .
: ‘ 2.
Plants 1

Scientifically Justified Exemptions to Above Raquirements: Yes No x.

- Minimum Toxicity Data Set Reguirernents Met: . Yes No x. If no, go to interim guideline section.

Canadian Water Quality Guideline quujrement_s: Minimum Environmental Fate Data Sheet

(1) Are the moblllty of the compound and the compartments of the aquatic environment in which it is Iikely to be
found known? Yes No x ‘

(2) Are the kinds of chemil¢al and blological reactions that take place durlng transport and after deposition known?
Yes No x

{3) Are the eventual chemlcal metabolites known? Yes Nc X

(4) Is the persistence of the compound in water, sedlments and biota known? Yes No x

If the answer is no to any of the above, go to inte_rirh guidelirie section.

Canadian Water Quality Interim Guideline ‘Requirements:

» (1) : Are there at least two acute and/or chronic studies for marine fish and for marine invertebrates? Yes No x
(2) Is one fish.species a températe species? Yes No x
(3) Are the two invertebrate species from different classes, and is one of the species temperate? Yes No X

If the answer is no to any of the above, then an interim guidellne cannot be calculated. Primary or secondary studies may be used for the
interim guideline data requirements.
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