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Abstract s 

A literature review was conducted of the available 
i_nformation on the physical and chemical properties, 
environmental concentrations, env_iron_ment'al fate 
and persistence, bi_oaccujrnu|ati'o'n potential, and toxic 
effects of trichloroethylene (TCE) on freshwater and 

‘ marine biota. The information is summarized in this 
publication. From this‘ information, water quality 
guidelines are recommended for the protection of 
specific water uses in Canada.

I Résume 

On a examine Ia documentation sur les don- 
nées relatives au trichloroéthyléne, a ses pro- 
priétés p_hysiques et chimiques, a sesconcentrations 
’dans l’environnement,' a son devenir etsa persistance 
dans l’environnem_ent, a sa capacité de bioac— 
cumulaotion et aux effets de sa toxicité dan_s l'eau 
douce et le biote marin. Cette publication présente les 
résultats de la recherche entreprise, laquelle a permis 
d’adopter des recommandations sur la qualité de l’eau 
pour la" protection de ‘ I’ea_u et pour ses usages 
particuliers au Canada.



Preface 

Toxicological and environmental. concems have 
recently led to both reductions in usage of tri- 

chloroethylene (TCE) and placement of the compound 
-on the Canadian Environmental Protection Act (CEPA) 
Priority Substances List (Canada Gazette, 1989). 
According to this Act, substances on this list must be 
assessed to determine-whether they could have im- 
mediate or long-term adverseeffects on the environ- 
me_nt. The purpose of this report is to develop 
Canadian water qualtity guidelines for TCE that ensure 
the protection and maintenance of the five major water 
uses: raw water for drinking water-— supplies; recreation 
and aesthetics»; .t_reshwa_ter and marine aquatic life; 

livestock watering and irrigation supplies; and indus- 
trial water supplies. '



Canadian Water Quality Guidelines for 
Trichloroethylene 

I 

D.Fi.J. Moore, S.L\-..4Walk\er, and R. Ansari 

INTRODUCTION AND BACKGROUND 
Trichloroethylene (T CE) (1 ,1,2-trichloroethylene) is 

an unsaturated, low molecular weight C2 compound 
with the formula Cl2C=CHCl (Fig; 1). 

' The OAS 
Registry Number of TCE is 79-01-06. Other common 
and" trade names by which TCE is known include 
tric‘hloro'etherie, acetylene-trichloride, chlorelen, chlo- 
roethylen, petzinol, triasol, and narcogen (Love and 
Eilers, 1982). TCE is used primarily as a degreasing 
solvent in the metal cleaning industries, although it has 
also been used as a household and industrial dry 
cleaning solvent, in textile man,utact'uring, in paint 
stripping, as an extractive solvent in foods, as an 
anaesthetic agent during some surgical procedures, 
and as a fumigant (U.S. EPA, 1978; Cogswell et al., 
1982; Bruckner et al., 1989). ' 

Cl ‘ 
‘ /0! V 

c;"‘*j,C\ 
H , 

7 CI I 

Figure 1. Structural formula for trfchloroethylene. 

Production 

Commercially, TCE is manufactured by the chlo- 
rination of ethylene and dichloroethane. in the early 
19703, total annual production of TCE in the United ' 

States was 277 100t ('McNeill, 1979). However, by 
thelate 1970s, this had declined to 118 000 t annually 
due primarily to state-imposed ‘restrictions on TCE 

— emissions (ATRG, 1988). 
' 

in. Canada, C-|—L ‘and Venchem," bot_h at 
Shawinigan, Quebec, were the only‘ domestic 
manufacturers of TCE; in 1976, the two plants had a 
total potential capacity of 38-000 t. In 1976, domestic

' 

production of TCE was 22 500 t, whereas imports were 
relatively small (200 t). Total domestic demand for TCE in 1976 was 12 700 t, of which 10 000i were 

_ 

consumed by the metal cleaning industry, 2.3 t were ' 

consumed inthe production of perchloroethylene, and 
the remainder was consumed for miscellaneous uses 
(400 t), export sales (6500 t), and inventory adjust- 
ments (3300 t). Since 1976, continued environmental 
pressures have led to decreased usage of TCE. Also,‘ 
tighter equipment specifications have led to reduced 
emissions and greater recycling of TCE, further 
reducing demand. Since the closure. of C-l—L’s per- 
chlor/trichlor (TCE) plant in 1985, imports have 
become the sole supplysource. In 1988, total TCE 
imports were 3000 t, of which 2900 t were consumed 
by the metal cleaning industry. The forecast for 
domestic consumption of TCE in 1992 indicates further 
reduced demands, with consumption estimated to be - 

2200 t (CPI, .1988). 

TCE in the Environment 

TCE is not known to occur as a na'tu‘ral product. It

1 

has been estimated that 60% of the total world 
production to date has been released to the envi- 
ronment (U.S. EPA, 1979); TCE has been detected in 
air, soil. food, and. human tissues (Pearson and 
McConnell, 1975; Bruckner eta/., 1989). Its. detection 
in rivers‘ and lakes, municipal water supplies, the sea, 
and aquatic biota (see E_nvironmental,Concentrations) 
indicates that TCE is widely distributed in the aquatic 
environment (U.S. EPA, 1978)- TCE is present in up 
to 34% of water supplies tested in the United States 

_‘(Conglio et a_I.—, 1980; Westrick er al., 1984) and is the 
chemical most often detected at Superfund sites 
(Abelson, 1990). - 

Review of TCE Guidelines 
The u.s. EPA (1973, 1930, 1986) has prepared 

, documents on ambient water quality with respect to 
"TCE, but, because their m_in,i_muim data base require- 
ments were not met, no numerical limits were set. 
However,» the U.S. EPA found that the acute fresh- 
water lowest-observed-effect level (LOEL) occurred at 
'45.0 mg~L“, and the chronic‘ freshwater LOEL 
occurred at 21.9 mg-L". Several U.-S. states have 
proposed or set TCE guidelines for the protection 
freshwater aquatic life at lower? levels than those 
proposed by the'U.S. EPA. For instance, Michigan



has set a guideline level of 0.094 mg-L" as the highest 
concentration of TCE that theoretically will produce no 
adverse effects_ on important aquatic organisms (and 
their progeny), exposed continuously for a lifetime 
(Zugger, 1989). in Ca_nada, CCREM (1987) concluded 
that there were insufficient data available at the time of 
writing to recommend guidelinesfor TCE._ 

PHYSICAL AND CHEMICAL PROPERTIES
. 

f . 

Properties 

The physical and chemical properties of TCE are 
shown in Table 1. TCE is aliquid at room temperature 
(boiling point = 87°C) and is heavier (specific gravity 
20°C/4°C = 1.47) and has a lower surface tension, 
(0.029 N-_m-‘) than water (McNeill,-A 1979; Muraoka and 
Hirata, 1988). TCE is moderately soluble in water 
(1100 mg-L") (Pearson and McConn_ell, 1975), has a 
high vapour‘ pressure (8.0 kPa at 20°C) (Verschueren; 
1983), and has a measured log 1-octanol/water pani- 
tion coefficient of 2.29 (U.S. EPA, 1979). Field trials 
have shown that TCE does not selectively partition to 
aquaticsediments (Pearson and McConnell, 1975), nor 
is it sorbed to coarse gravel (McConnell _et al., 1975). . 

However, sediments of high organic content have a 
highadsorptive capacity for TCE. The physical and 
chemical properties of TCE suggest that volatilization 
will be an important process in the removal of TC_E_ 
from the aquatic environment, although small amounts 
may _be found in other compartments of the aquatic 
environment, particularly biota and sediment. 

A 

Analytical Aspects-of TCE 
- TCE is not included in routine monitoring of surface 

waters by Water Quality Branch personnel at 
- Environment Canada, However, several provinces 
(e.g., Ontario, Alberta) and the National Water Quality 
Laboratory and National. Water Research institute in 
Burlington have conducted studies to determine TCE 
levels in selected surface waters. - 

I 

A commonly employed technique for detennining 
TCE levels in water is to use a Hewlett-Packard gas‘ 
chromatograph (GC) with a 25-111 fused silica capillary 
column and hydrogen as the carrier gas. The column, 
equipped with a “Ni electron capture (EC) detector, is 
programmed from 20°C to 80°C at 4°C-min" with an. 
"initial 2-min hold (Kaiser and Oliver, 1976; combat and 
Kaiser, 1983). Recovery of TCE-spikedsamples using 
GC/EC techniques was found to be 51% :1: 415% 

1 (Kaiser and Valdmanis, 1.979) with a detection limit of 
1 ng-L" (Kaiser et al., 1-983). -

/ 

./ 

Table 1. 
‘ 

Chemical and Physical Properties of
I 

_ t _ F _ V: 
7'Vl'rIcl|loroethWyIene 

I 

‘Property 
7 7 K ‘ 

Value 
_ _ 

Physical state: Colourless liquidm 
‘ W 

Odour: Chl_oro_fo_r,m-like“’ 

Molecular weight.‘ 1315") 

Melting point: -87°C-. 

Boiling point: 
‘ 

87°C 

Vapour pressure: 2.7 l_:_Pa (9°C)‘‘’
‘ 

8.0 kPa (_20°C)m 
12.7 kPa ('30°C)('-) 

Solubility in water: 1100 mg-L" (25°C)“’
‘ 

\ Specific gravity: 1.47 ”(20°C/4°C)"’ 

‘ 

Surface tension: 
‘ 

0.029 Nm" (2o°'c)<‘>, 

Log l—oc,ta'nol./water 
partition coefficient 

“’Verechueren (I983) 
. 

'
. 

."’Pea'n’on and McConnell (1975) , 

"’McNeili (1979)
‘ 

“Munch and_Hi_ml:: (1988) 
"’U.s. EPA (1979) 

2.29<’> 

ENVIRONMENTAL CONCENTRATIONS 

Sources 

TCE can enter the aquatic environment through a —

I 

number of routes, including industrial discharges, 
landfill leaching, septic tank leaks, accidental spills, 

leaky storage tanks, and disposal from individual 
households. volatilization during production and use 
with subsequent atmospheric transport is likely to be 
the most significant route of entry of TCE to the 
aquatic environment in nonindustrial areas (U.S. EPA. 

. 1979).- .

' 

Residues 

Groundwater 

Low‘ molecular weight compounds like TCE, which 
are volatile and have a moderate to high‘ solubility in 
water, are candidates for transport to groundwater 
(Connor, 1984). Once present in the groundwater, 
TCE has the potential to persist because volatilization 
is an ineffective removal process from this medium 
(Zoeteman ef _al. 1980). In the Netherlands, TCE con-_



centrations as high as 1.10 mg-L" have been detected 
in groundwater during routine surveys (Zoeteman etal. 
1980); in Vero Beach, Florida, TCE concentrations as 
high as 8.98 mg-L" were detected after a leak from an 
underground storage tank (Wang et al., 1985). Even 
afterhan intensive effort to decontaminate the ground» 
water at thegvero Beach site (bydewatering of the 
aquifer), TCE levels of 0.128 mg‘-L" were detected 32‘ 
months after the leak. 

In Canada, few studies have been .conclucted..to 
detemtine TCE levels in groundwater. Lesage et alf 
(1990) found that groundwater located near a 
Gloucester, Ontario, landfill had TCE levels that ranged 
from below the detection limit (DL = 1 ttg-L“) to 
0.583 mg~L". In Ville-Mercier, Quebec, groundwater 
from a site near a landfill was contaminated with TCE 
at levels ranging from 4.40 to 7.20 mg-L" (S. Lesage, 
1989, National Water Research Institute, pers. comf.). 
In .Amherst, Nova Scotia, TCE has been detected in 
several municipal and private wells at concentrations 
ranging from 5 to 84 ttg-Lf‘ (N.S. DOE, 1983). 
Surface Water ' 

'\ 

‘TCE. has been detected in both fresh and ‘marine
' 

waters from a number of sites worldwide, particularly 
‘near industrial and urban areas (U.S. EPA, 1979). The 
presence of trace levels of TCE in -nonindustrial areas 
may be due to atmospheric transport (Pearson and 
McCo‘njn,e’Ifl, 1975; McConnell et al., 1975).‘ Pearson 
and McConnell (1975) found that levels of TCE in 
marine waters of Liverpool Bay, England, ranged from 
below the detection. limit (DL = 0.01 ttg~L") to 
3.6 ‘ttg-L". Wang’ et al. (1985) found that TCE levels 
in the Indian River, near the Vero Beach, Florida, TCE 
leak, ranged from below the detection limit (DL -__- 0.1 
ttg°L") to 9.9 [,lg"L'1,. Both_ of these areas were located 
near industrial sites that were known point sources of 
‘TCE,’ and .thus the observed levels of TCE in these 
surface waters are indicative ‘of relatively contaminated 
-sites. . 

»-
- 

5 Reported levels of TCE in surface waters of 
Canada ranged from below the detection limit 
(DL = 0.001.. I19-L=‘) to 90.0 ttg-L", with Quebec and 
Ontario having the highest observed. levels (Table 2). 
In surface water samples taken from monitoring 
stations in thest, (Lawrence River near" Sorel, Lum and ' 

’ 

K__ai_ser (1986) found concentrations of TCE up to 
90.0 ttg-L". Industrial effluents near‘ Maitland, 
Montreal, and Sorel were identified as point; sources of 
TCE discharges to the St. Lawrence River-. -TCE has 
also’ been found in Ontario surface water samples from 

the St. Clair (Kaiser and Comba, 1986), Niagara 
(Kaiser et al.,. 1983), and Welland (Kaiser and Comba, 
1983) rivers and in Lakes Ontario, Erie, and St. Clair. 
Surface water’ samples collected from the Oldman, 

> Bow, Red Deer, Athabasca, and North Saskatchewan __ 

rivers in Alberta contained no detectable levels of TCE 
(DL_= 0.2 pg’-_l__" for 1984-86-; DL = 1.0 tt‘g.~L" for 
1987-88) (_AEC, 1989). 

Sediments 

Cohen and Ryan (1985), ‘using a multimedia"
\ 

compartment model, predicted that TCE concentra-’ 
tions in aquatic sediments would be similar to those 
occurring in the overlying water. Pearson and 
McConnell (1975) found that levels of TCE in the 
sediments of Liverpool Bay, England, ranged from 
below the detection limit (DL ‘= 0.01 ttg-kg") to 
9.9 ttg.-kg“, levels that were similar to those found in 
water samples from the bay. A similar relationship 

. was observed in the Indian River‘ in an area close to 
the Vero Beach, Florida, TCE leak, where sediment 
levels of TCE'~ ranged from below the detection limit 
(DL = 0.5 ttg-kg") to 1.7 ttg-kg" (Wang et a_I_., 1985)-. 

1 

Prior to the discharge of TCE into the Indian River, 
TCE levels in the sediments were below the detection 
limit (Wang et al.,_ 1985). ' 

There are few data av'aila'bl'e on levels of TCE in 
aquatic sediments in Canada. In a document pre- 
pared under the auspices of theCa_nada — Ontario 
Agreement. Respecting Great Lakes Water Quality 
(COARGLWQ, 1986)-, TCE levels were reported in 45 
of 68 sediment samples (detection limit not stated) " 
taken in 1985- from the St. Clair River near Sarnia, 
Ontario. The maximum concentrat_ion detected was 
110.0 mg-kg"; this value is several orders of 
magn_itude above the level found in the relatively 
contaminated Liverpool Bay, England, and Vero 
Beach, Florida, sites. In the only sediment sample 

' 

taken from an Alberta ‘river in 17985, TCE did not occur 
above the detection limit (detection limit not stated)

' 

(AEC, 1989). — .' 

Biofa 

Neely at ;a__/. (1974) -showed. that the bioaccu- 
mulation potential of a compound is directly related to 

1 its octanol/water partition coefficient. The log of the 
measured 1-octanol/water partition coefficient (‘K,,,) for 

' TCE is 2.29. This indicates that bioaccumulation is- 

possible for TCE but not likely to the same extent as 
‘has been observed with other more nonpolar



l 
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Table 2. Trichloroethylene Levels in Canadian Surface Waters 
Range Dection limit ’ 

‘ 

I-99eti9.n._ __ . _. _ . _ 1 
(113-1..-") , (1ts°L"v)' 

_ 
Reference 

St. Lawrence River, Que. 0.01 l—90.0 0.001 Lum and Kaiser, 1986 
Lower Niagara River, Ont, ND-0.011 0.001 

I 

(Kaiser at al}, 1983 - 

Lake Ontario, Ont. ND-(0.033 0.001 - Kaiser at al.. 1983 - 

Lake Erie, om. 0.003-0.053’ 0.001 (- and Vaidmalriis, 1979 
Lake St. Clair, Ont. ND—0.036 0.001 - Kaiser and Comba, 1986 
Lower St. Clair River, Ont. ‘ND-0.023 0.001 

‘ 

_Kaiser and Comba, 1986 
St. Clair Iiiver, Ont, 

0 

ND.—4-2.0 1.0 
0 COARGLWQ, I985’ . 

Welland River, Ont. ND-0.75 0.001 - Kaiser and Combs, 198 
Oldman River, Alta. ND '0.2(l984-86):» 1.0 (1987588), ABC, 1989 — 

North Saskatchewan River, Alta. ND ,0-;2,(19’34—86);-' 1.0 (1937-88) ABC, I-9.89 
Bow"River,_Alta. 0.2( 1984-86); 1.0 (1987-83) A_EC, 1989 
Red Deer River, Ale. / ND 0_.2('1984-86)‘; 1.0 (1987-88) AEC, 1989 
Athabasca River, Alta.» ND 0._2(l984-786); 1.0 (1987-‘-88) AEC-_.1?§?__ 

°Surfaee water and bottom ureter’-Asarrlples. 

- -organochlorines, such as PCBs (Nimmo et al., 1975; 
Subraman_ian _etal., 1986). Pearson and McConnell 
(1975) determined TCE levels i_n the tissues of a wide 
range of marine biota from different trophic levels in- 
Liverpool Bay, England. In the livers of fish, they found .

v 

that levels of TCEjranged from below the detection 
limit i(DL < 0.1 ug-kg“ wet weight) in mackerel 

0 

i(-Scomber scombrus) to 30.0 pg-kg" wet weight in dab 
(:L_ima,nda_),. Based on their survey, Pearson and 
,McCo'n'nell (1975) concluded that bioaccumulation of 
TCE was relatively minor (bl,oacc,um'ulation factors 
<"100), and that there was no evidence of foodchain 
biom_a_gni_ficat_iojn (Fig. 2). Si_mllariy, Wang et al. (1985) 
"found that estuarine oysters (Crassostrea virginica) in _ 

' the Indian River near the Vero -Beach. TCE) leak 
.showed little evidence of TCE bloaccumulation. Con-, 
centrations in the oysters ranged from below the detec- 
tion limit (DL = 1.0 itg-kg") to 10.8119-kg" wet:welght.

' 

Ofstad at al. (1981) found that TCE levels in 

Norwegian fish ranged from below the detection limit 
(DL = 2,.-5-100 ug-kg"-, depending on fish fat content) 
for cod and salmon fillets to 400 tlg-kg" fat weight 
in cod ‘livers (species names were not given). High- 
er TCE levels in the latter study were associated with 
fish caughtlin waters contaminated by industrial ef- 
fluents from pulp and paper _mills and chemical plants. 

No data were available on TCE levels in Canadian 
aquatic biota. 

, 
ENVlRONMENTA_L FATE AND FERSISTENCE 1

0 

Behaviour of TCE in the Freshwater Environment 
0 

Multimedia. models based on the chemical ‘and 
physicallproperties of TCE have been developed _to 
help predict the environmental fate and transport be- 

Concentrations (rnglkg wet weight) 
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Figure 2. Trichloroethylene levels in marineflliiota from I.iverVpo_o| 

Bay, Efigiand (from Pearson and McConnell, 1975). 

Trichloroethylerie levels in the surface waters ranged from 
below the detection limit (DL = 0.01 pg-L") to -3.6 pg-1;-'. 

haviour of .this compound (Cohen and Ryan, 1985;» 
Mackay et al., 1985; Mackayt, 1987). Generally, these 
models, predict that, because of its high volatility, TCE 
will be lost to the atmosphere upon release to the 

. environment, only minor amounts ipart'it'ioning_to. I 

- ‘the terrestrial and aquatic environments (Figs. 3 and
‘ 

4). In the atmosphere-, TCE is relatively short-lived, 
and a major proportion of the compound is rapidly 

removed through photooxidation and subsequent 
hydrolysis (Gray-at aI., 1976; U.S., EPA_, 1979). Some 
TCE will also undergo long-range atmospheric 
transport, and ‘rain scavengingmay ‘deposit TCE. in 
terrestrial and aquatic systems in areas without local 
sources (Mackay, 1987).

‘ 

' 

, Sources of TCE to the aquatic environment include 
direct ‘discharge, soil runoff, and atmospheric deposi- 
tlonl (Lay at al., 1984).. In the aquatic‘ environment. 
TCE is moderately soluble and tends to remain in



PA. 

solution; such that little selective adsorption to the 
suspended or bottom sediments occurs. Volatilization 
is the primary removal process of TCE from the 
aquatic environment (Dill_ing et 1975; Jensen and 
Rosenberg, 1975; Dilling, 1977), whereas other 
possible. removal processes such as oxidation, 
hydrolysis, and microbial degradation _are_ not 

' 

considered i_mportant (Jensen and Rosenberg, 1975). 
The following sections ‘describe the possible fate 

‘ 

processes of TCE in the aquatic environment. 
Volatlllzation 

Di_lling at al. (1975) and Dilljpg (1977) found that 
a. 

1.0 mg-L" aqueous solution of TCE in an open beaker 
was lost with a half-life of 17.7-23.5 min. The solution 
was kept moving with constant stirringat 200 rpm. 
However, when the_solution was intermittently stirred 
(for 15 s every 5 min), the half-life increased to more 
than 90 min. These results led Dilling at al. (1975) to. 
conclude that volatilization appears to be the major 
pathway by which TCE is lost from water. However, 
the results also point out the difficulties encountered in . 

extrapolating from laboratory results to natural aquatic 
ecosystems, where TCE concentrations would be 
much lower and parameters such as surface agitation 
would be highly variable. When components such as 
clay, limestone, sand, or peat moss were added to the 
open test container, TCE volatilization rates were only 
slightly_reduced and did not change by more than a 
factor of 2. 

Jensen and Ftosen,berg'(1975) found that TCE con- 
centrations declined by 80% after 8 d in a partly open 
aquarium kept in the light (half-life = 3.44 d). When the 
aquarium was kept closed in the light or dark, less. 
than 50% of the initial TCE concentration disappeared 
after 8 d. These results indicated that volatilization of 

* TCE proceeds much more rapidly than photolysis,- 
hydrolysis, or oxidation in aquatic systems. 

No’ field studies were found in the literature that 
measured TCE volatilization rates in ‘isolation from 
other possible fate processes in natural aquatic 
systems. Lay at al. (1984) foundthat the half-life of 
TC_E- added to a small pond was 2.7 d. Although no 
evidence was found that the bottom sediments acted 
as a sink for TCE, itis possible that fate processes 
other than vo|atili,_z_a_tion "contributed to the relatively 

- rapid disappearance of‘TCE from the pond. 

Once TCE" enters the atmosphere, the car- 
bon—carbon double bond is attacked by hydroxyl 
radicals, resulting in the~format_i_o_n of dichloroaoetyl 

chloride and phosgene as the primary products 
(Gay et al., 1976; U.S. EPA, 1979). These compounds 
are then rapidly hydrolyzed. resulting in the formation- 
of Hcl, C0, C02, and a carboxylic acid (Gay at al., 
1976) - W » 

‘ 

,1 . 

Photolysls, Oxidation, and Hydrolysis
I 

Wang and Tan (1987) found that TCE con- 
centrations were reduced by 96.8% when irradiated in 
a plati_n_u,m-catalyzed water photolysis system for 12 h, 
with ethane as the major degradation product. When 
‘zinc was added to the system, the degradation rate 
was enhanced. However, the environmental signif- 
icance of this reaction is not likely to be imponant, 
because this reaction could not occur under natural 
conditions. Without the ‘platinum catalyst, Wang and 
Tan (1987) found that no photolysis of TCE occurred. 

Dilling at al. (1975) found possible evidence‘ of 
photooxidation of TCE in aerated water in the pres- 
ence of sunlight. The amountof TCE remaining in 
aerated water stored in the dark for 12 months in a 
closed system was approximately 20% greaterthan 
the amount remaining in a duplicate system exposed 
to sun_|ight__. The more rapid removal of TCE in sunlight 
was attributed to free radical oxidation; However, the 
observed experimental half-lives of TCE in the dark 
(resulting from oxidation and hydrolysis) and in sun- 
light (resulting from photooxidation and hydrolysis) 
were 10.7 and 10.1 months, respectively. Similarly, 
Jensen and Rosenberg (1975) found no significant 

_, 

difference in TCE removal from closed aquaria ex- 
posed to either daylight or" darkness for 8 d, thus 
indicating that no direct photolysis occurred. Further, 
the TCE removal rates from these -t_re'atrnents (5% 
over 8 d) were well below the rate found when the 
aqu"a'r_ia were open (80% over 8 d). These studies 
indicate that photolysis, oxidation, and hydrolysis 
are not important processes for the removal of TCE 
from the aqueous environment when compared with 
volatiliz_ati,on.

’ 

Sorption 

Dill_ing at al. (1975) explored TCE removal by If 

* sorption to clay, limestone, and peat moss in three 
closed—system experiments. They found that bentolite 
clay at a concentration of 375 mg-L" adsorbed 10% of 
the TCE in solution in 10 min, whereas a concentra- V 

tion of 750 (mg-L“ of clay adsorbed 22% of the TCE 
i_n solution after 30 min. Dolomitic limestone at a 

1 concentration of 500 mg-L" caused a 50% depletion
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of TCE in approximately 20 min and a 90% depletion 
in approximately 70 min. Peat moss (500 mg-L"), 
added to simulate a high content of organic material in 
water, caused a 40% TCE depletion in 10 min, after - 

' which no further depletion was measured. 

in a field study by Pearson and McConnell (1975) 
A 

in Liverpool Bay, England, no -evidence for selective 
concentration of TCE in marine sediments was found, 
indicating that adsorption in natural marine ecosystems 
is not likely to be an important removal process when 
compared with other removal mechanisms. 

Biodegradation 

A few organisms have been shown to degrade TCE 
by reductive dechlorination under anaerobic conditions 
conducive to methanogenesis (Kleopfer eta/., 1985; 
Parsons et al., 1985; Barrio-Lage et al., 1988). The 
half-life for microbial degradation of TCE was found 
to be 97.1-105.9 d in. an anaerobic microcosm experi- 
ment (Barrio-Lage el al., 1988) and 300 d in a field 
study of spiked groundwater in Palo Alto, near San 
Francisco (Roberts et al., 1982). In the former study, 
methane added as a nutrient to the microcosms 
decreased the TCE. half-life to 39.0~d. These results 
indicated that biodegradation of TCE in groundwater 
can occur, but at rates much slower than would occur 
where volatilization is possible. Baek and Jaffe (1989) 
showed that a symbiotic nonmethanogenic fermenta- 
tion process during methanogenesis enhanced the 
anaerobic degradnation of trichloroethylenein mixed 
methanogenic cultures. TCE degradation products » 

« have been found in groundwater "of the Gloucester-, 
Ontario, and the Ville-Mercier, Quebec, landfill sites 
(Pakdel etal., 1989; Lesage etal., 1990). Degradation 
has also been shown to occur in anaerobic landfill 
leachate. Of concern, however, are the products of 
TCE anaerobic biodegradation. These include the 
toxic substances chloroethane, dichloroethylene, and 
vinyl chloride, which ‘is carcinogenic“(Bouwer et al., 
1981; Kleopfer eta/., 1985; Parsons etal., 1985; Vogel 
and McCarty, 1985;’ Baek and Jaffe-, 1989; Lesage 
el al., 1989, 1990; Pakdel et al., 1989). ‘ 

Microbial degradation of TCE under aerobic 
conditions has not been demonstrated (Pearson and 
McConnell, 1975; Bouwer et al., 1981), except in 
the presence of growth substrates such as phenol, 
toluene, and cresol (Nelson et al., 1987), methane 
and methanol (Little et al., 1988; Benrvanger and’ 
Barker, 1988; Strandberg et al., 1989), or a natural gas 
mixture (Wilson and Wilson, 1985). These results may 

be useful forgroundwater reclamationnprojects, but are 
' 

likely of little environmental significance. 

There is limited evidence from mammalian studies 
indicating that TCEvcan be metabolized by higher 
organisms to produce di-. and trichloroacetic acids 
(Daniel, 1963). Leib_man (1965) reported that TCE is 
converted to chloral by liver microcosms and provided 
evidence that the reaction was catalyzed by cyto- 
chrome P-450. Chloral, trichloroethanol, and trichloro- 
acetic acid are the major metabolites of TCE detected 
"in viva (Defalque, 1961; Kimmerle and Eben, 1973). 

BIOACCUMULATION
9 

Geyer et al. (1984) foundthat the" green alga 
, 
Chlorella fusca var. vacuoIata,- when exposed to a 
TCE concentration of 50 pg-L" for 1 d, had a bio- 
concentration factor (BCF) _of 1160. No other studies 
of bioaccumu,lation i_n plants or phytoplankton were 
found. in the literature. 

Barrows etal. (1980) found that bluegill sunfish 
(Lepomis macrochirus) exposed to TCE a_t~a mean

. 

concentra_ti_on of 3.4 pg-L“ for a period of 14 d had a 
bioconcentration factor of 17. In thisstudy, TCE levels 
had equilibrated in the fish tissues by the end of the 
14-d exposure period, and therefore longer exposures 
would not have led to a higher bioconcentration factor. 
When the fish were moved to clean aquaria, TCE 
depuration was rapid, with a half-life of less than 1 d." 

‘In the only other study found in the literature of TCE 
bioaccumulation in fish, Freitag et al. (1985) found that 
golden ide (Leucociscus idus melanotus) had a bio- 
concentration factor of 90 after a 3-d exposure to’TCE. 
It is not clear'from this study whether TCE. bio- 
concentration reached equilibrium in the fish during the 
3-d exposure period. 

‘ 

"Pearson and McConnell (1975) determined the 
— level of TCE in tissues of a wide range of marine or- 

V ganisms in Liverpool Bay, England. Species selected 
were chosen to represent different trophic lev'els.‘ The 
evidence suggested that there was, little bioac- 
c‘u:m'u|ation by plankton (BCF < 10), and that, in inver- 
tebrates, fish, birds-, and mammals, bioaccumulation 
was highly variable (BCF < 2-100) (see Fig. 2). There 
was no evidence of biomagnification of TCE in the 
aquatic food) webs of Liverpool Bay, England. 

TOXICITY TO AQUATIC BIOTA 
Because standard protocols for toxicity testing 

may become outdated or are not always available or.



followed, ‘a great deal of variability exists in the quality 
of p_ublished toxicity data. To ensure a consistent.sci- 
entilic evaluation for each chlorinated ethane com- 
pound, the data used in deriving a guideline must meet . 

certain criteria as outlined,in CCME (1991). These 
criteria include i_n1orm_ation_ on test conditions/design 
(e.g., flow-through, static), ‘test concentrations, 
temperature, _water hardness, pH, experimental 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 or 
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. 

There are a large number of studies that have con- 
sidered the acute toxicity of TCE in freshwater and 
marine biota (Fig. 5)’ (Tables B-1 and B-2)». Fewer 
studies have examined the chronic‘ toxicity of T CE in 
aquatic biota (T able B-3). Similarly, few studies have 
considered the effects of TCE on aquatic communities 
in microcosm. or fieldstudies (Tables B-1 and B-2). 
The purpose of this section is to describe the toxic. 
effects of TCE on aquatic biota, 
Acute Toxicity

V 

Bacteria 

The TCE toxic threshold-(the concentration that 
causes initial inhibition of cell multiplication) for the 
bacterium Pseudomonas putida wasi65.0 rri/g-L“ after 
‘a 6-h exposure, and for the cyanobacterium Micro- 
cystis aerugincsa, the toxic threshold was 63.0 mgfL" 
after a 192-h exposure (Bringmann and Kuhn, 1980; 
Slooff et al., 1983a). Both tests. ranked as secondary, 
-were conducted under static conditions and with the 
reported TCE levels in the growth medium based_on 
nominal (unmeasured) concentrations. The marine 
bacterium Photobacterium phosphcreum, which~.h'as 
also been used to test for toxicity inltresh waters, had 
a 50% light inhibition at a concentration of 120' mg-L" 
after a 15-min exposure; however, the study was 
deemed unacceptable because of insufficient reporting 
of test conditions (Kaiser and Ribo, 1988). , 

Phytoplankton
_ 

One marine species, the diatom Skeletonema 
costatum, was observed to have -a 50% reduction in 

. FRESHWATER BIOTA 
Peeudemonal putlda . 

Mlgrqcyetle oeruglno mu 
_ 

Bacteno 

Daphnia mogno 13 

Aedeev oeqyptl ma 
Culex pipiene @55 
WEN olloésiio 

Lymnoea ntognalie E55 
invertebrates 

~ 
~~ 

I 

Leuclecul ldue 3' 

Oncorhynchue mykiea of 

0. ‘5 
Oryzloe lcrtlpee 

Plmephalee promotes an 
F. premeloe E“)-7 

_ Fish 
P. prornelcie $553 
P- womolqs 52‘!-’ 

Poeclllo retlculoto 2-: W 
‘ 

Lepomln mccrochkuo E45 
_ 

Jordonello floridae Q23-2 
_ 

J. lflcrldoe 53-1‘

~ 
_-;9;-;¢;~;9;s;e;~;e;-;';‘;°.°.~.-.- 270 

9 I > O 0 O 1.’ 030303039 0 0 e e e 

MARINE BIOTA 
vskeletonemo coetatum Plont 

Myeidopaie bqhio S “ Invertebrate 

0/prlnodon vorieqotu E52 
_ 

Fish 
Concentration (mo/L) 
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cell number after a 96-h exposure to TCE at a mean 
measured concentration of 95.0 mg-L" in a static test 
ranked as secondary (Ward et al., 1986). In a static, 
unmeasured test with the. unicellular marine alga 
Phaeodactylum iricomutum, a nominal TCE con- 
centration of 8.0 mg-L" caused a 50% inhibition of 
“C uptake. during photosynthesis (Pearson and 
McConnell, 1975). However, this study was deemed 

_ 

unacceptable because experimental conditions were 
not reported. In the only freshwater single-species 
study found, Selenastrum capricornufum was reported 
to have_.a no-observed-effect concentration (NOE_C)ifor 
growth rate of 175 mg-L" following a 96-h exposure 
to TCE in a static test ranked as secondary because 
concentrations were not measured (Sloofl et al., 

1983a). - 

No inhibitory effect on “C_uptake durin'g_ photo-- 
synthesis was observed in a _natural estuarine 
phytoplankton assemblage during a 48-h exposure to



90.15, 1.0, and 2.0 mg-L" TCE i_n a flow—through 
test ranked as secondary because concentrations were 
not measured (Erickson and Hawkins, 1980). In a 

_ 

mixed culture containing the marine diatom ThaIas- 
siosira pseudonana and the marine _alga Du_na/iella 
tertiolecta, no effect on community composition was 
observed after a 96-h exposure to TCE at the two test ‘ 

concentrations of 0.05 and 0.10 mg-L" in a static test 
(Biggs et al., 1979). However, this study was deemed 
unacceptable, because experimental conditions were 
not reported. 

Invertebrates 

Several acute toxicity tests have been performed to 
determine the effects of TCE on Daphn/‘a spp. Daphnia 
magna (4-6 d old) had a 48-h E05,, (immobilization) of 
_7.76 mg-L" TCE in a static, unmeasured test ranked 
as secondary (Abernethy etal., 1986). In a static, 
unmeasured test ranked as secondary, young D. 
magna (<24 h old) had a_ 48-h LCSO of 18.0 mg-L" and 
a 48-h NO_EC of 2.2 mg-L“ TCE (LeBlanc, 1980). In 
studies from three laboratories with a similar experi- 
mental protocol, the corresponding 48-hi LCSO was 
higher and ranged from 42.0 to 97.0 mg-Li‘ TCE 
(Canton and Adem_a, 1978). The latter studies‘ also 
found that young D. pulex (<24 h old) had a 48-h LCSO 
of 45.0 mg-L" TCE, and 11-d-old D. c'ucuI/ata had a 
48-h LCSO of 57.0 mg-L“ TCE.» These studies were 
deemed unacceptable because experimental condi- 
tions were not reported. ‘ 

Invertebrate species from widely divergent taxo- 
nomic groups such as Oligochaeta, Diptera, Gastro- 
poda, Amphipoda, and Ephemenoptera have also 
been tested for their response to short-term exposures 
of TCE (Pearson and McConnell, 1975_; Slooff, 1983; 
Slooff et al., 1983a; Ward et al., 1986). The results 
from these tests suggest that differences in 
sensitivity to TCE may exist. For example, suscepti- 
bility to TCE ranged from a 96-h L050 of 14.0 mg-L" 
for the marine mysid shrimp Mysidopsis bahia in a 
static, measured test ranked as secondary (Ward et 
al., 1986) to a 48-h LC” of 132.0 mg-L" for the 

- freshwater otigochaete worms Tubifex and Limnodrilus
V 

in a static, unmeasured test deemed unacceptable 
because experimental conditions were not reported in 
sufficient ‘detail (Slooff, 1983). 

In a static test, Slooff et al. (1983b) found that the 
freshwater mussel Dreissena po/ymorpha experienced 
a significantly increased valve closure rate at a mean 
nominal TCE concentration of 9.7vmg~L“. The eco-

/ 

logical significance of this response was not discussed 
"by Slooff et al. (1983b). This study was deemed 
unacceptable ‘because there was insufficient reporting 
of experimental conditions. A 

Fish 

.Two studies have reported LC5,, values for TCE 
exposure of marine fish species. In the first study, 
sheepshead minnowt (Cyprinodan variegatus) were 
found by Ward et al. (1986) to h_ave a 96-h LC5,, of 
52.0 mgsL" in a static, measured test ranked as 
secondary. Pearson and McConnell (1975) found that 
Limanda had a 96-h LC50 of 16.0 mg-L" TCE in a 
flow-through, measured test. However, this latter 7 

study was considered unacceptable because test 
conditions were not reported in sufficient detail." 

In a f|ow—th_rou‘gh test, Alexander et al. (1978) found 
that fathead minnow (Pimephales prome/as) had a 
96-h LCSO at a measured concentration of 40.7 
TCE. Similar test conditions (flow-through, measured) 
were found to yield an.LC5,, of 28.2 mg-L“ TCE for 
juvenile llagfish (Jordanella floridae) (ATRG, 1988),. 
Both of these studies were ranked as primary. Slooff 
et al. (1983a) found that rainbow trout (Oncorhynchus 
mykiss) experienced 50% mortality after a, 96-h ex- 
posure_to a nominal concentration ‘of 42.0 mg-L" TCE 
in a static test ranked as secondary because con- 
centrations were not measured. The no-observed- 
Iethality concentration (NOLC) was 33.0 mg-L". In a 
sublethality test by Slooff (1979), O. mykiss was found 

, 
to have a significantly increased respiration rate after 
a'24.-h exposure to 5.0 mg-L" TCE in a flow-through 
test also ranked as secondary because concentrations 
were not measured. The ecological significance of this 
response and the length of time in which the response 
was elevated were not discussed by Slooff (1979). 
Other reported LCSO values range from 45.0 mg-L" for 
young-of-the-year. bluegill (Lepomis macrochirus) in a 
96-h static, unm_easured test (Buccatusco etal., 1981)‘ 
to 270.0 mg.-L" TCE for medaka (Oryzias Iatipes) in a 
48-h static, unmeasured test (Slooff et al., 1983a).

5 Both of these tests were ranked as secondary be- 
cause concentrations were not measured. 

A 

Amphibians
_ 

In 48-h static, unmeasured tests deemed 
ceptable because insufficient information on experi- 
mental. conditions was reported, the clawed 
toad (Xenopus Iaevis) and the Mexican axolotl 
(Ambystoma mexicanum) experienced 50% mortality



at 45.0 and 48.0 mg-L" TCE, respectively (Slooff 
and Baerselman, 1980).‘ In this study, X. Iaevis 
and A. mexicanum had NOLC values of 41.0 and 
29.0 mg-L" TCE, respectively (Slooff et al., 1983a). . 

Chronic Toxicity 

In aprimaryvranked study, the Aquatic Toxicity 
Research Group (ATRG, 1988) determined the chronic 
toxicity of TCE to American flagfish (J. floridae) and I 

brook trout (SaIveIinus fontinalis) in flow-through life- 

cycle tests employing four biological end points: 
embryo survival (egg hatchability), larval survival, fry 
survival, and fry growth. TCE significantly reduced 
10-d larval survival and 28-d fry survival of flagflsh, at . 

. the highest concentrations tested-21.2 mg-L" and 
, 20.9 mg-L", respectively. However, these concen- 

trations had no effect on embryo survival or try growth. 
The NOECs for 10-d suwivaland 28-d fry survival 
were'5.76 and 10.6 mg-L" TCE, respectively. The 
data reported for brook trout embryo survival. survival 
of swim-up larvae, and 120-d fry_su_rvivaI did not 
indicate a consistent dose/response relationship and 
are therefore inconclusive. However, there was a 
‘consistent relationship between TCE concentration and 

- fry growth; at the lowest ‘concentration tested, - 

. 0.21 mg-" TCE, there was a significant 5%. decrease 
in 120-d fry- weight. At TCE concentrations of 0.68, 

, 1.96, 4.31, and 11.3 mg-L" TCE, 120-d fry weights 
decreased by 5%, 17%, 25%, and 44%, respectively. 

Loekle et aI., (1983)-found that at nominal con- 
-centrations of 1.0 and 5.0 mg-L" TCE, black molly 
(Poecilia sphenops) exhibited reduced growth rates 
and survival time during a 60-d exposure in a static 
test in which the test chemical.) was renewed every 
14 cl. However, these data are considered unaccept- 
able because the tests were not replicated, critical 

test conditions were not stated (e.g.', temperature and 
pH), and a static long-terrn test is not applicable with 
highly volatile chemicals such as TCE (ASTM, 1988). 

In a field experiment on a natural pond communi_ty 
ranked as _a secondary study, Lay et al. (1984).iou'nd

' 

that at a nom_i_na| concentration of 25.0 mg-L"' TCE, 
Daphnia abundance and phytoplankton richness and 
abundance were significantly reduced at ‘the con- 
clusion of the 43-d observation period. These changes 
in community structure persisted to the end of the 
obsewation. period despite .the fact that 50% of the 
TCE had disappeared after 2.7 d and 98% had 
disappeared after 15 d. This study indicated the 
potential for long-term impacts on aquatic communities 
after accidental spills of TCE. 

‘I0 

I 

Carcinogenicity, Mutagenlclty, and Teratogenlcity 
After reviewing the literature, Bull (1985) concluded i 

that TCE is a probable carcinogen and mutagen that 
may pose a threat to humans i_n cases where drinking 
water is obtained from contaminated groundwater 
supplies. TCE has been shown to induce cancerin 
mice and rats (National Cancer Institute, 1976; . 

National Toxicology Program, 1983, 1987; Fukuda 
et. al., 1983; Maltoni et al., 1988). However, studies by 
other researchers did not show a carcinogenic 
response to TCE (Van Duuren et al., 1979; Henschler 
et al., 1984). Connor (1984) -calculated that an 
additional 2.1-2.4 x 10" cancers in humans would 

~ ‘result from a lifetime consumption of groundwater 
contaminated with 5.7-6.5 pg-L" TCE. The U.S. EPA 
(1978) has estimated that TCE concentrations of 21, 
2.1,_ and 0.21 ug~L" TCE_in water would result in 

additional human lifetime cancer risks of 10", 10*’, and 
10", respectively, No study has been found that 
documents the potential carcinogenic, mutagenic, or 
teratogenic effects of TCE on aquatic biota, and thus 
risk estimates cannot yet be determined. 

SUMMARY AND RECOMMENDED GUIDELINES 
Followi_ng for extensive evaluation of the published 

literature on trichloroethylene, Canadian water quality 
guidelines were derived (Table 3). The rationales for 
the development of the recommended guidelines are 

A summarized below. 

Table 3. Recommended Water Quality Guidelines for " 

Trlchloroetlrylene 

Uses 
‘ 

Guidelines 

Raw water for drinking ' 

watersupplies 0.05 mg-L"*' 
Recreation and aesthetics ' Insufficient data 
Aquatic life . 

Freshwater 0-02 I.'ns'l-"1’ 
Marine Insufficient data 

“Agriculture 
Livestock watering -0.05 mg'L"i 
Irrigation 

' 

Insufficient data 
Industrial Insufficient data 

‘Proposed by the Federal-Provincial Subcommittee on Drinking Water (Health 
and Welfare Canada, 1989), 

‘(Interim guideline. . 

_l 

:tCanadian drinking water guideline (Heemi and Welfare 1989) 

adopted as interim Canadian livestock watering guideline. 

Raw Water Sources for Drinking Water 
. 

The Federal-Provincial Subcommittee on Drinking 
Water has proposed a TCE guideline of 0.05 mg-L“ 
for this water use (Health and Welfare Canada. 1989). _
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If, after 1 year‘, no evidence is presented that questions 
the suitability of the proposed value, it will be adopted 
as the guideline. 

Recreation and Aesthetics 

The odour threshold of TCE‘ in water is 10 mg-L" I 

(Verschueren, 1983). ' No thresholds for taste or fish 
tainting were found in the literature. Without these 
data, there is insufficient information to recommend a 
Canadian water quality guideline for recreational wate_r 

' 

to protect this water use_. 

Aquatic Life 

Freshwater Aquatic Life 

Figure 6 indicates that the minimum data require- 
ments to derive a water quality guideline to protect ‘ 

freshwater aquatic life were not met for TCE-. in par- 
ticular, no primary studies were available for freshwater 
invertebrates or plants. However, the minimum data 
requirementsfor an interim guideline were met, and 
thus an interim guideline can be derived from the 
available Iitrature (CCME,1991). 

The chronic toxicity data‘ indicate. that the 
most sensitive freshwater organism was brook trout 
(salvelinus fontinalis), which experienced _a significant 
5% decrease in 120-d fry weight (LOEL) after 
exposure to 0.21 mg-L" TCE in a flow-through test 
(ATRG, 1988). An interim Canadian water quality 
guideline of 0.02 mg-L“ TCE is recommended for the 
protection and maintenance of freshwater aquatic life. 
This level was derived by applying asafety factorof 
1 order of magnitude, as specified in CCEM (1991), to 
the lowest chronic value (brook trout, ATRG, 1988) 1 

resulting from long-term exposure. 

Marine Aquatic Life 

A guidelineor interim guideline for the protection 
and maintenance of marine aquatic life could not be 
calculated because therewere no primary studies 
available _for marine fish, invertebrate, or plant 
species, and because only one fish and one in- 
vertebrate acute study were available for marine 
biota (Ward- et al., 1986) (Fig. 7). At least two 
studies on both invertebrate and -fish species are 
required as a minimumdata base before an interim 

V guideline derivation can proceed (CCEM, 1991). 
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Agriculture 

Livestock Watering 

The US. EPA (1978) determined tha‘t._the major 
route for exposure of terrestrial mammals to TCE 

' was by inhalation. No data could be found regarding 
the toxicity of TCE to domestic livestock. in the 
absence of such data for other chemicals, Canadian 
drinking water quality guidelines are adopted as 
interim livestock watering guidelines as a means 
of providing a margin of safety for livestock and 
preventing unacceptable residues in animal products. 
The TCE drinking water quality guideline of 
0.05 mg-L" proposed by Health and Welfare Canada 
(1989) is recommended as an interim Canadian live- 
stock watering guideline to protect this water use. ’ 

Irrigation 

No studies were fou_nd in the literature that docu- 
mented the ‘effects of TCE on terrestrial macrophytes 
including crops. . Therefore’, it was not possible ‘to 

' 

calculate a water quality guideline for TCE for this 
water use. 

Industrial Water Supplies 

At present the necessary infonnation is lacking 
to set water quality guidelines for most; chemical 
compounds in industrial water supplies. ‘A survey of 
industry water quality needs is being conducted; upon 
completion, it may be possible to set guidelines for 
many compounds, including TCE, to protectthis water 

DATA GAPS
\ 

Severalresearch areas require further attention in 
order to reduce the level of uncertainty with regard to 
TCE toxicity and to allow development of TCE guide- 
lines for all water uses. At present. there are 'ins,uf-

K 

ficient data documenting TCE levels in Canadian 
groundwaters, sediments, and biota. These data are 
required for two purposes: to assess the potential 
hazard TCE_ currently poses to Canadian aquatic 
environments, and to determine if the environmental 
fate processes predicted for TCE inlaboratory studies ' 

are accurately reflectedby measu_red TCE levels in 
the environment._ There is also a shortage of studies 
that have determined the bioaccumulation potential" 
and depuration rates of TCE in aquatic biota. Thus



Water Use: Protedion ot"Freshwater Aquatic Lite - 

Compound: Trichloroethylene (T CE)~ Canadian Water Quality Guideline Requirements: 
> 

Minimum 1_'oxi<lty_' Data‘Set 

Aquatic Biota smfrizrgzrqflfiwd Primary ‘ Ngzzidziriga 
‘ 

I 

Additional Requirements. Reference 

F-.5}, 
V1_ _g_ _g_ . tcou) Hnour “ .' 

A1'H_Gt9BD 

'2, 4. .L ATHG1933 
3_ _,',_ _;_ Alexander at at. 1970 

Invertebrates 1,. _ __ __ 
' 

, 2 e _ _ _ 
Plants 1 . 

' __ 

. 
Fish: (i) at least one cold- and one warmwater species are required (COtD, WARM) 

(ii) at least two chronic (partial or full lifea/de) studies are required (CHRONIC) 
Invertebrates: (i) at least two ch_r_'on_ic—(partial or full lifecycle) studies are required (cHr3oNrc) 

(ii) at least two invertebrate classes must be represented (CL 1 , CL 2 
(iii) at least one species must be planktonic (PLK) 

Ju__stified Exemptions to Above Requirements: 'Yes__ No .1. 
Minimum Toxici/ty Data set Requirements Met: Yes... 

i 

No _X_ It no. go to interimrguideline section 

Canadian Water Quality Guideline Requirements: Minimum Environmental Fate Data Set 

(1) is the mobility of the compound and the compartments of the aquatic. environment in which itis likely 
to be 

found known? Yes; No _ 
(2) Are thelcinds of chemical and biological hreactions that take place during transport and alter deposition 

known? 

Yes.£. No _ -
' 

(3) Are the eventual chemical m‘etabVolites.la'_I_ow_n?_ Yes; 
_ 

No _ 
(4) Is the persistence of the compound in wate_r._sediments and biota. known? 

v Yes_-_X.._ _' N\o 

‘If the answer is no to any of the above. §‘o’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.1L No __
q 

(2) Is one fish species a coldwater species resident in North America? 
‘ 

Yes_X_ No .3.
h 

(3) Are there two invertebrate species from different dasses and is one species planktonic and 
resident 

in North America. Yes_1<_ No _ 
If no to any of the above, than an interim guideline cannot be calculated. Please note that primary or 

secondary studies may be usedlor interim guideline derivation. 
‘ 

’

. 

. 7 
I 

h V 

Figure 6. The minimum data set work sheet for the derivation of a Can'a'dia'n water quality guideline for _TCE to _prot_e‘_ct freshwater 
aqujanc life.
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Water Use: Protection of Marine Aquatic Life
I 

Compound: 
‘ 

Trichloroethylene (TOE) 

Canadian Water Quality Guideline Requirements: , Minimum Data Set 

- - Number . Temperate Chronic Two Classes - u e R f ' 

P 
Aquahc Em‘ 

A Studies Required 
Puma" 

species Study Represented 
0 amp“ 

Fish 1 . _ ,_ _ __ 
l 2 ' _ _ _ _ 

3. _. _ __ 
Invertebrates 1 _ 7 _ _ _ _ 

2. 
V 

_ __ ._... _. 

Scientifically Justified Exemptions to Above Requirements: Yes_ ‘No 
A

- 

Minimum Toxicity Dataset Requirements Met: Yes_ No L If no. go to interim guideline section 

Canadian Water Quality Guideline Flequirements_: Minimum Environrnental Fae Data Set 

(1_) ls the mobil,i_ty of the oempound and the compartments of the aquatic in it is likely to be 
found lcnown? YesL . No _ 

(2) Are the kinds of chemicd and biological rea,di0f.I,3' that t_al_<e_p|aee during and alter deposition 
Yes.x. No _ ‘ 

_

- 

(3) Are the eventual chemical metabolites Yes_!_ No _ 
(4) Is the persistence of the compound in water, sediments and biota known? YesX_- No __ 
If the answer is no to any of the above. go to interim guideline section 

* 

_ 

_ Canadian Water quarny Interim Guidefine Afiequirementsz 

(1) Are there at least two acute and/or chronic studies for marine fish. and for marine invertebrates? 
Yes_. No L ’

' 

(2) Is one fish species a temperate species? Yes.L No __ 

(3) Are the two invertebrate species from different classes and is one of the,speq'es temperate? 
‘ Yes_ No .I‘_ 

/ . 

if note any of the above. than an interim guideline cannot be calculated. Primary or secondary studies may be 
used for the interim guideline data requirements. 

A

- 

\ 
_ 

' V

I 

Figure 7. The minimum data set work sheet for the derivation of a Canadian water qualitv vguideline for TCE to protect marine aquatic 
life. / 

‘ ‘ ' 
‘

,

13



, 
, 7 

far, only one species of phytoplankton and two species 
of fish = have been studied with regard to TCE bio- 
accumulation potential. No bioaccumulation studies 
have been conducted with invertebrate species. 
Moreover, only one unpublished study (ATRG, 1988) 
has been conducted to determine the effects of 

. long-tenn "TCE exposure on aquatic biota. In order to 
upgrade the freshwater aquatic _life TCE interim 
guideline to guideline status, at least two primary 
studies examining the response (preferably alife-cycle 
measurement) of an invertebrate species to chronic 
exposures of TCE must be conducted. "To derive a 
marine aquatic life guideline, the following TCE toxicity 
studies are required: (i) one primary acute exposure 
study on a marine fish species; (ii) two primary chronic 
exposure studies (nonlethal end points) on marine fish 
species, each of which includes the early life stages of 
a temperate species; (iii) two chronic exposure studies 
(nonlethal end point) on marine invertebrate species, 
which include the early life stages of a temperate 
species; and (iv) one primary toxicity study on a 
temperate plant or algal species. 

__ 
An interim marine 

aquatic life g‘ui_deline could be derived with one 
additional acute exposure study on both a marine 
invertebrate and a marine fish species. 

Although further TCE toxicity information is 
' desirable for livestock, it is likely that a water quality 
guideline for this water use is unnecessary because’ 
water is not an important TCE exposure route for 
livestock. There is no information available to assess 
the tolerance of crops to TCE in irrigation water. 
Given that TCE is volatile and nonpersistent, it is . 

unlikely that this compound could pose a toxic threat 
to Canadian crops. However, further fate studies to 
detennine TCE persistence in crops and soil and 
‘toxicity studies on crops are both desirable and 
necessary for the calculation of a guideline for this 
water use. 

' 

‘ -’ ‘

» 

‘ 
; 

' 
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APPENDIX A 

Literature Search 
A literature search of the following data bases was conducted to retrieve any references that 
considered the effects of TCE on major water uses: . 

.

‘ 

Data base 
' 

A 

_ 

- Coverage period 

1. AQUAREF (Canadian Water Resources References) 1970 — Oct. 1988 
ASFA (Aquatic Sciences and Fisheries Abstracts) 

A 

1978 — Nov. (1988 
-K 

' 

13. Blosls. 
A 

- 

A 

- 

A 

1979 — Dec. 1988 
‘ 
4. CAS .Online (Chemical Abstracts Service") A 

' /1967 — Dec. /1988 
5. coooc 

V 

1970-~ Dec. 1988 

6. C(_)MPENDEX ' 

A 

1970 — Dec} 1988 
7. (Environment Libraries Automated System) 

b 

1976 .— Dec. 1988 

8. ENVIROLINE 
_ 

A 

1970 — Oct. 1988 

9. EPB (Envi_ronmental Bibliography) 
. 

1974 % Apr. . 1988 

10. FEDERAL REGISTER ABSTRACTS - 1977 —— Dec. 1988 

11. GEOREF (Geological Reference l=lle) 
4 

1985 — Nov. 1988 

12. IRPTC (lntemational Reference of Potentially 
A 

. 

_
A Toxic Chemicals) » 

' 1976 — Dec. 1988 

13. MICROLOG ’ 

1979 e sepl. 1988 
’ 14. NTlS (National Technical information Service) ~-\ 

' 

‘ 

' 1964 — Dec. 1988 

15. POLLUTION ABSTRACTS 
A 

- 1970 — Sept. 1988 
16. - SWRA (Selected Water Resources Abstracts) 1968 — Jan_. 1989 

17. TOXLIT 
A 

A 

’ 1981- Dec. 1988 

18. TOXICO ' 

, _ 

I 

I 

/ 

1974- Dec. 1988 ' 

Several studies were also obtai_ned by consulting review papers.

19
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Table B-l~. Freshwater Acute Toxicityvstudles 

y—o—y = young-of-year - 

PR = primary study,-which may be included inminirnum data set for Canadian water quality -guidelines 
SE = secondary study, which may be included in minimum data set for Canadian waterquality guidelines or interim. guidelines 
UN = unaeeptable study, which cannot be included in minimum data set ;for>Canadian water-quality guidelines or interim guidelines . 

Organism ‘ 

Test type Test rank 
\ 

Concentration (mg-L") Effect Reference
I 

Bacteria 

Pseudomoraas putida 
‘ 

S, U SE 65.0 6-h toxicity threshold Bringmann and’ Kuhn. 1980 

Microcystis uemginosa 
’ 

S, U SE 63.0 I92-h toxicity threshold Sloof at a'l., l983a 

Phytoplankton
I 

Selenastrum ¢'apn'¢‘ornutum S. U SE 17520 96-h NOEC Slooff at al., 1983a 

Scenedesmus parrnonic-us v ~ S; U- SE >l000.0 l92—h toxicity threshold Slooff et 411.. |983a 

Invertebrates 

Daphnia magna (<24 h old) S, U SE 22.0 24'-h LC” I.eBlanc, 1980 
18.0 48-lr LC” 
2.2 48-11 NOEC 

D. magna (<24 h old) S, U UN .42~.0 48-h LC” Canton and Adema. 1978* 
' 56.0 48-h>LC,,, 

97.0 48-h-LC” 

D. magna (<24 h old) 
I 

S, U ‘SE 54.0 48-h NOLC Slooffe! al.. 1983a 

D. magna (4-6 d old) S, U SE 7.76 48-‘h EC” immobilization Abemcthy er a1., 1986 

D. pulex (<24 ll old) 
_ 

. s, U 
' 

UN 45.0 43.11 LC” Canton and Ademafl/9.78 

D. pulex (<24 h old) 
. 

S, U SE 25.0 48-h NOLC Slooff et aI., l983a 

D. cucullata (I l d old) S. U UN 57.0 48-h LC” Canton and Adema, I978 

Aedes aegvpti (3rd iinstar) 
. 

S. U SE 48.0 48-h LC” Slooff er al., 1983a 
' 

- 

' 32.0 48-h NOLC ' 

C ulex pipiens (3rd instar) S, U SE 55.0 48-h LC” Slooff el al., 1983a 
' 

29.0 
V 

48-h NOLC - 

Dugesia-cf.,Iuguh.ris S. U UN 42.0 48-h LC” Slooff. et aI.. l983a 

‘Results reported from three different laboratories 
S -= static test . 

U = unrrrcasured TCE concentration 
F = flow-through test 
M = measured TCE concentration



Table B-1? Continued" 

‘V3 

Organism V Test type Test rank C onceniratirm (mg-L") Effect Reference 

I'I_vdrg oligaqzti: (-bludless) 
_ 

' 

' 

I V 

S, U ' 

- 

SE ' 

_ 
. 75.0 41Lh 1_.(.‘5o Slooff er al., 19833

L 

' ’ 62.0 48-h NOLC 
‘Lymnae stagna_lis (3-4 wk) S. U SE‘ 56.0 48-h LC,.,' Slooff et ut.. 19833 

- 

, 

- - 32.0 48—,h NOLC 
vlimnodrilus. Tubifex 3, U ‘ UN 132.0 48-h Lc_,., Slooff. 1933 

Chiromrriu: gr. zhummi 
' 

S, U‘ UN 
, 

64.0 48—‘h LC” Slooff. 1983 

EIpUbdeIla'ortofu1am s, U \ 

75.0 48-h L0,, Slobff, 1933 

Asellus aquaticus A_ s, U UN ) 
30.0 48-h Lc,., Slonff-, 1.983 

Dugesia cf. Iugubris S, U 
_ 

UN 42.0 48-11 LC,“ Slooff, 1983 

Corixa punczaia s, U UN no.0 LC” Sloof1', 1983" 

Gamma:-us pulex s, U UN . 24.0 48.1. Lc:,,, Slooff, I983 
' 

Isclmura elegansv s, U UN 49.0 43.]: LC,,, Slooff, 11933 

Nemoura cinereu S. U _UN 70.0 
I 

48-11 LC” Slonff, 1983 

C Ioéon diptemm S, U UN 42.0 48-11 LC,” ' Slooff. I933 

Dreissena polymorpha '» F, U UN 9.7 In_crease1i valve closure rate. Slooff 21 al., 1983a 

Fkh »
’ 

Leuciscus Ma: S, U SE‘ 213.0 48-h LC” 
/ 

I 

Slooff et ul.,, 19833 

Oncorhynchus mykiss S, "U SE 42.0 48-h LC” Slooff et al., 19833 
(545 wk) 33.0 48-11 NOLC 
0. Inykiss F, U SE 3.0 Increased respiration rate Slooff. 1979 

I?ocgilia reliculata 

I 

S, U SE 182.0 48-h LC” ' 

Slooff at al., -1983:: 
(3-4 wk) 120.0 48-h~ NOLC 
Oryzias Idtipes S, U SE 270.0 48-11 LC,” Slooff et al., 1983a 
(4-5 wk) 220.0 48-h NOLC 
Pnnephales pmmelas S, U SE 47.0 48éh-LC” Slooff er al., 19833 

' (3-4 wk) ' 

36.0 48-h-NOLC "
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' Table B-1. Continued 

Organism Test type Test rank Conce.-uralion (mg-L") Effect A Reference: 

P. promelas F, M PR 40:7 
' 

9f:-h LC,” Alexander eI‘al., 19'.-'8»
' 

S. U SE 66i8 96-h LC,” 
F, M.’ PR 

I 

21.9 96-11 EC,” (_ any of equilibrium, 
’ narcosis. gill swelling, 

melanization) 

Lepanlis macrochims s. U SE 45.0 ' 964. LC” Buccafusco el aI.,/l98l 
(y-<>y)

“ 

Jotdanella floridae F. M PR 28.2 96-h LC}, ATRG, 1988 
(juvenile) S. U 

_ 

SE 63.1 96-h LC” 
Amphibians 

l 

Xenopus Iaevis S, U UN 45.0 
V 48-h LC” 

A 

Slooff and Baclselman. I930 

Ambystoma nmxic-anum ‘S. U UN 48.0 48-h LC“, Slooff and Baerselmgm. I980
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Table 13-9. Marine Acute Toxicity Studies‘ 

gaazicw 

ll 

_ 

Concentration. 
Organism Test. type Test rank (mg-L") Effect Reference 

Bacteria " 

P"”'°b“'e'i""' ”"°"'h"""""l 
s. U UN ’ 

120 15-min EC“, Kaiser-and R150; 193:; . 

I 

Phytoplankton 
‘

V 

Phaeodactylum tzicornutum S." U UN 
V 

8.0 EC,“ ("C‘upt:rke) Pearsonvand McConnell, 1975 

Skeletonenia costatum S; M SE 95.0 96-1h EC“, (cell number) Ward et .11., I986 

Thu/issiosira pseudonana and S, U -UN 5 0.05 
I 

-72-‘h NOEC (ce-ll'size distribution) Biggs et al., 1979 
Drmaliella Ierriolecla ' 

’ 0.10 - 

Natural estuarine= 
V

- 

phytoplankton assemblage F, U — SE 0:5, 11.0 
_ 

27% increase in "C uptake during Erickson and Hawkins, I980‘ 
' 

‘ 

‘ 

48-h exposure .

- 

2.0 48-h NOEC (“C uptake) 
Invertebrates

I 

M_\'sidopsis‘baIlia (3'd old) 3. M SE 1'4-0 96-hrl-.C,., Ward et,al.. I986 
EIminr'u.r tricornutum (larvae) S, M‘ UN 20.0 48-h LC;,, 

I 

, _ y 

i 

lsearson and McConnell; 'l97S 

Fkh 

Linianda Iimanda F, M. LN 16.0 96-h 1.c,(,‘ Pearson and McConnell, 1975 
/ . 

Cyprinodon varjegatus s, M SE 52.0 95-11 LC,” ~ Ward et al., 1935 
= static test 

flow-through test 
measured TCE concentration 

/\ 

unmeasured TCE concentration 

primary ‘study, whiclrmay be included irrminimum data set for-Canadian. waterquality guidelines 
secondary study, which may be included in minimum data set for Canadian water quality guidelines-or interim guidelines 

= unacocptablerstudy, which cannot be- included In minimum data set for Canadian water quality. guidelines or interim guidelines



Table ‘B-3. . Freshwater chronic Toxiclty Studies 

j 

I 

Organism 
_ 

H 

Test type ‘ 

5 

Test tank Concenuation (mg-L") ’ Efiect» Reference, 

~ 

A 

Fish .

' 

Jonianella ' 

F, M PR 21.1 ' 10-d larval survival by 58% ATRG, 1988 
‘ ' ‘ 20:9 2841 fry LCM 

5.8 10-d larval survival NOEC 
, 

» 

10.6 28-d fry rsuivival NOEC 
Salvelinusfbntinali: F, M 

. 

‘PR 0.21 120-d-fry weigh reduced 5% ATRG. 1988 

Poecilia sphenop: . S, U UN 1.0, 5.0 ‘Reduced growth and'survival' Loekle er al., 1983 

Field 

Natural pond community s, U s}: 
b 

25.0 
\ A 

Are: 43 d, Daplmia abundance Lay et al., 1984 
. |educed..phytopl'ankton richness and 

_ 

abundance seduced 

"l'estsweIenottcphca1ed. stauceondiuonadeemedinnpptopnateforchmnncsuldy 
S = suticmcst 
U = unm'eu.uned"'KI concentration 
F = flow-through test M = uninsured TCE eomenuntion 
PR = pIihmysmdy,whichm:yhe‘hclu¢bdhmhimundamsetfi>rCmadianwntuqm|ity yzidelincs 

S SE = secon:|aty—audy,whi¢hinny bejnclunbdiu guidelinesotinu-.rim gniibllinee 
__ UN g pnmeepmhle study, whiehvcamnot be included in minimum data-iet for Camdinn water quality guidelines“ interim guideline
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