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1.0 ECOLOGICAL HEALTH 

The following describes the rationale behind all the toxicological reference values (TRV) used in 
the ecological health assessment. 

1.1 Aluminium 

Mammals 

In mammals and birds, aluminium is usually ingested through the consumption of foods and 
evokes diversified toxic actions. In mammals, aluminium may lead to disturbances in blood 
function (i.e., erythropoiesis, leucocytosis and lymphopenia), gastrointestinal systems and 
osseous systems (change in mineral bone structure) (Barabaz et al. 2001). 

Ondreicka et al. (1966) (as cited in Sample et al. 1998) studied the effects of aluminium on 
reproduction in mice over the course of three generations. One dose was administered, and 
although there were no observed effects in the number of offspring per litter, growth of 
generations two and three were significantly reduced. The no-observable-adverse-effect-level 
(NOAEL) was calculated to be 1.93 mg/kg-d. 

Birds 

In birds, aluminium affects egg shells and the metabolism of calcium and phosphorus causing 
diminished calcium absorption and decreased metabolic rates, resulting in aluminium absorption 
into bones. Carriere et al. (1986) (as cited in Sample et al. 1998) studied the effects of 
aluminium on reproduction in the Ringed Dove over a four-month study. A single dose level of 
1,000 ppm was used which gave no significant differences. The calculated NOAEL was 
109.7 mg/kg-d. 

Fish 

In fish, aluminium accumulates in gills which cause the inhibition of ion exchange and 
respiration. Studies conducted by Suter et al. (1996) provide a lowest chronic value (LCV) of 
3.288 mg/L aluminium for fish. A reduction in toxicity associated with increased water hardness 
was evident for fish. This LCV was adopted as the TRV for aluminium exposure to fish. 

1.2 Arsenic 

Mammals 

An Ecological Soil Screening Level (Eco-SSL) for mammals has been calculated by the US EPA 
(2014). This was based on a comparison of the geometric mean of the NOAEL values for 
growth and reproduction from studies with the lowest-observable-adverse-effect-level (LOAEL) 
for reproduction, growth or survival. The geometric mean of NOAEL values was 2.47 mg 
arsenic/kg (body weight)/d. However, this value is higher than the lowest bounded LOAEL. 
Therefore, the TRV was established at 1.04 mg/kg-d, representing the highest NOAEL that was 
still lower than the lowest LOAEL for reproduction, growth, or survival.  
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Birds 

The TRV for birds was taken from Eco-SSL by the US EPA (2014). From all compiled studies, 
there were only two available NOAEL, therefore, a geometric mean could not be calculated. 
Instead, the lowest of the two NOAELs of 2.24 were used as the TRV.  

Fish 

Defoe (1982), as cited in Suter et al. (1996), completed an early life-stage test with fathead 
minnows exposed to arsenic that resulted in a chronic value of 0.892 mg/L. This chronic value 
was adopted as the TRV for arsenic exposure to fish. 

1.3 Barium 

Mammals 

Eco-SSL for mammals has been calculated by the US EPA (2014). This was based on a 
comparison of the geometric mean of the NOAEL values for growth and reproduction from 
studies with the LOAEL for reproduction, growth or survival. The value was lower than the lowest 
bounded LOAEL for reproduction, growth and survival, therefore, the TRV is equal to the 
geometric mean of the NOAEL values for reproduction and growth and is equal to 51.8 mg /kg-d. 

Birds 

There were not enough studies available to derive an Eco-SSL for avian species. As a result, 
the TRV for mammals of 51.8 mg/kg-d was used in the assessment for avian species.  

Fish 

There are no fish-specific TRV for barium. As a result, the Tier II benchmark values from 
Sample et al. (1998) of 0.0039 mg/L was selected. The value is derived from a 21-day test on 
Daphnia magna, which resulted in reproductive impairment.  

1.4 Cadmium 

Mammals 

Eco-SSL for mammals has been calculated by the US EPA (2014). This was based on a 
comparison of the geometric mean of the NOAEL values for growth and reproduction from 
studies with the LOAEL for reproduction, growth or survival. The geometric mean of NOAEL 
values was 1.86 mg cadmium/kg b w/d. However, this value is higher than the lowest bounded 
LOAEL. Therefore, the TRV was established at 0.77 mg/kg-d, representing the highest NOAEL, 
which was still lower than the lowest LOAEL for reproduction, growth and survival.  

Birds 

The TRV for birds was based on studies collated by US EPA (2014). The adopted TRV for the 
songbird, shorebird, waterfowl and raptor is 1.47 mg/kg-d.  



Suncor Energy Inc. 
Lewis In Situ Project 
Volume 4 – Development Area Expansion and SIR 1 
October 2018 
 
 

 Appendix SIR1 H – Page 3 

Fish 

A reduction in toxicity associated with increasing water hardness is evident for several fish 
species. The lowest chronic value for cadmium for fish of 0.0017 mg/L was based on studies 
collated by Suter et al. (1996). This was adopted as the TRV for cadmium exposure to fish. 

1.5 Chromium 

Mammals 

Eco-SSL for mammals has been calculated by the US EPA (2014). The TRV was based on a 
comparison of the geometric mean of the NOAEL values for growth and reproduction from 
71 studies which was equal to 2.4 mg/kg-d.  

Birds 

Eco-SSL for avian species has been calculated by the US EPA (2014). A geometric mean of the 
NOAELs for growth and reproduction was used to calculate a TRV of 2.66 mg/kg-d.  

Fish 

Stevens and Chapman (1984), as cited in Suter et al. (1996), conducted toxicity tests with 
chromium and early life stages of rainbow trout. The test revealed a LCV of 0.068 mg/L 
chromium in fish. This chronic value was adopted as the TRV for chromium exposure in fish. 

1.6 Cobalt 

Mammals 

Eco-SSL for mammals has been calculated by the US EPA (2014). A geometric mean of the 
NOAEL values for growth was calculated as 7.33 mg/kg-d. This value is lower than the lowest 
bounded LOAEL for either growth or mortality results. Therefore, the TRV is equal to the 
geometric mean NOAEL of 7.33 mg/kg-d. 

Birds 

Eco-SSL for avian species has been calculated by the US EPA (2014). A geometric mean of the 
NOAEL values for growth was calculated as 7.61 mg/kg-d. This value is lower than the lowest 
bounded LOAEL for either growth or mortality results. Therefore, the TRV is equal to the 
geometric mean NOAEL of 7.61 mg/kg-d. 

Fish 

Sample et al. (1996) report a chronic value of 0.003 mg/L from toxicity tests with cobalt salts on 
Pimephales promelas embryo-larval stage. This chronic value was adopted as the TRV for 
cobalt exposure in fish. 
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1.7 Copper 

Mammals 

An Eco-SSL for mammals has been calculated by the US EPA (2014). This was based on a 
comparison of the geometric mean of the NOAEL values for growth and reproduction from 
studies with the LOAEL for reproduction, growth, or survival. The geometric mean of NOAEL 
values was 5.6 mg copper/kg BW/d.  

Birds 

A geometric mean of the NOAEL values for growth and reproduction from 393 studies was 
calculated at 18.5 mg/kg-d by the US EPA (US EPA 2014). However, this value was higher than 
the lowest bounded LOAEL, and therefore, the NOAEL that was lower than the lowest bounded 
LOAEL was used as the TRV which equaled 4.05 mg/kg-d.  

Fish 

Sauter et al. (1976), as cited in Suter et al. (1996), conducted toxicity tests with copper and 
early life stages of brook trout. The test revealed a chronic value of 0.0038 mg/L copper in fish 
(Sauter et al. 1976). This chronic value was adopted as the TRV for copper exposure in fish. 

1.8 Formaldehyde 

Mammals 

Hurni and Ohder (1973) (as cited in Sample et al. 1998) studied the effects of formaldehyde on 
beagle dogs during the critical life stage of gestation and lactation. Two doses were 
administered, and since there were no significant adverse observed effects, the highest dose 
was used as the no-observable-adverse-effect-level (NOAEL) and was calculated to be 
9.4 mg/kg-d. 

Birds 

There were no studies available for avian species. As a result, the TRV for mammals of 
9.4 mg/kg-d was used in the assessment for avian species.  

Fish 

The TRV of 1.61 mg/L was adopted from US EPA (Hohreiter and Rigg 2001) for formaldehyde 
based on studies meta-analysis for aquatic receptors. 

1.9 Lead 

Mammals 
A geometric mean of the NOAEL values for growth and reproduction from 343 studies was 
calculated as 40.7 mg/kg-d by the US EPA (2014). However, this value was higher than the 
lowest bounded LOAEL, and therefore, the TRV equalled the highest bounded NOAEL below 
the lowest bounded LOAEL for reproduction, growth and survival of 4.70 mg/kg-d. 
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Birds 
A TRV of 1.63 mg/kg-d was calculated by the US EPA (2014) from a review of 106 studies. This 
value was the highest bounded NOAEL lower than the lowest bounded LOAEL for growth, 
reproduction and survival.  

Fish 
Davies et al. (1976), as cited in Suter et al. (1996), conducted toxicity tests with lead and early 
life stages of rainbow trout. The test revealed a LCV of 0.0188 mg/L in fish (Davies et al. 1976). 
This chronic value was adopted as the TRV for lead exposure in fish. 

1.10 Manganese 

Mammals 
A geometric mean of the NOAEL values for growth and reproduction from 58 studies was 
calculated as 51.5 mg/kg-d by the US EPA (2014). This value is lower than the lowest bounded 
LOAEL for either growth or mortality results. Therefore, the value of 51.5 mg/kg-d from the 
geometric mean of the NOAEL values was used in the assessment. 

Birds 
A geometric mean of the NOAEL values for growth and reproduction from 40 studies was 
calculated as 179 mg/kg-d by the US EPA (2014). This value is lower than the lowest bounded 
LOAEL for either growth or mortality results. Therefore, the value of 179 mg/kg-d from the 
geometric mean of the NOAEL values was used in the assessment. 

Fish 
Sample et al. (1996) report a chronic value of 0.08 mg/L from toxicity tests with manganese on 
Pimephales promelas embryo-larval stage. This chronic value was adopted as the TRV for 
manganese exposure in fish. 

1.11 Molybdenum 

Mammals 
Schroeder and Mitchner (1971) (as cited in Sample et al. 1996) studied the effects of 
molybdenum on reproduction in the mouse over the course of three generations. One dose level 
was administered which appeared to cause reduced reproductive success and was considered 
the chronic LOAEL. The calculated NOAEL was equal to 0.26 mg/kg-d.  

Birds 

Lepore and Miller (1965) (as cited in Sample et al. 1996) studied the effects of molybdenum on 
reproduction in the chicken during a critical life stage. Three dose levels were administered in 
which embryonic viability was reduced to zero in the lowest dosage of 500 ppm. The calculated 
NOAEL was 3.5 mg/kg-d. 
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Fish 

For fish, the TRV used was 0.88 mg/L which is the lowest chronic value for all aquatic 
organisms recommended by the Oak Ridge National Laboratory (Sample et al. 1996). This 
value was determined from a 28-day life cycle test in Daphnia magna.  

1.12 Nickel 

Mammals 

US EPA (2014) reviewed 1,169 papers on nickel toxicity for mammals and retained 52 for 
derivation of the mammalian TRV. A geometric mean of the NOAEL values for reproduction and 
growth was calculated as 7.70 mg/kg-d. However, this value is higher than the lowest bounded 
LOAEL for reproduction, growth, or mortality results. Therefore, the TRV is equal to the highest 
bounded NOAEL below the lowest bounded LOAEL for reproduction, growth, or survival, of 
1.70 mg/kg-d. 

Birds 

A geometric mean of the NOAEL values for reproduction and growth was calculated as 
6.71 mg/kg-d. This value is lower than the lowest bounded LOAEL for reproduction, growth, or 
survival. Therefore, the TRV is equal to the geometric mean of the NOAEL values for 
reproduction and growth. 

Fish 

A reduction in toxicity associated with increasing water hardness is evident for several fish 
species. The lowest chronic value for nickel for fish of 0.035 mg/L was based on early life stage 
test on rainbow trout as reported by Nebecker et al. (1985), as cited in Suter et al. (1996). This 
was adopted as the TRV for nickel exposure to fish. 

1.13 Petroleum Hydrocarbons C17-C34 Aliphatic and Aromatics 

Mammals 

The majority of petroleum hydrocarbon (PHC) toxicity studies currently available are based on 
effects in plants and/or soil invertebrates through direct soil contact. On the basis of insufficient 
data and the assumption that the bioconcentration/biomagnifications of PHC into wildlife food 
item was unlikely to be significant, CCME (2008a) did not consider toxicity data for mammals 
and avian in the development of their soil benchmark guidelines.  

Dermal absorption is thought to have limited contribution to contaminant exposure in terrestrial 
mammals (CCME 2008a). Scientific studies have also shown that phyto-accumulation of PHC is 
limited, and therefore, direct ingestion of contaminated soil and groundwater are believed to be 
the major contributors to internal doses in mammals on agricultural settings. 

CCME (2008a) has developed a guideline based on the toxicity of whole crude oil to cattle via 
water ingestion. A lowest documented effects dose of 2.1 g fresh crude/kg body weight/day was 
reported. This was divided by an uncertainty factor of 10 to obtain a Daily Threshold Effects 
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Dose of 210 mg/kg bodyweight/d. This value was proportioned among all four PHC Fractions 
(F1-F4) according to their respective percentage composition in the crude oil. To convert these 
water toxicity values to a soil toxicity value, they were multiplied by the estimated daily water 
ingestion for cattle (100 L/d) and divided by an estimated body weight (550 kg) (CCME 2008a). 
Table 1.13-1 presents the mammal TRV for each sub-fraction. 

Table 1.13-1: Mammals TRV for each PHC Sub-fraction 

PHC Sub-Fractions Cattle TRV 
(mg/kg-d) 

Proportion of Crude 
(%) 

Mammal TRV for each 
Sub-fraction 

(mg/kg-d) 
F1 210 0.232 48.72 
F2 210 0.213 44.73 
F3 210 0.345 72.45 
F4 210 0.210 44.10 

 

Birds 

The TRV for avian species is taken from Gorsline and Holmes (1982) based on exposures of 
mallard ducks to whole crude oil and distillation fractions prepared from the crude oil. Twenty-
week old male ducks were fed each day for 10 days a supply of food contaminated with either 
south Louisiana crude oil (3 ml/100 g dry food) or a proportionate volume of one of the four 
distillation fractions of this crude oil. The study found that ingested petroleum appeared to 
interfere with adrenocortical function in a similar manner as chlorinated hydrocarbon pesticides. 
It also causes the naphthalene-metabolizing properties of the liver to increase significantly. 
Exposure to the crude oil induced hepatic mixed function oxidase activity by three or four-fold 
compared to the control birds. The study calculated a daily intake value for crude oil of 
2.48 mg/kg-bodyweight based on the increased enzyme activity. 

This value is for whole crude and not for a specific fraction. Therefore, the daily intake value 
was divided according to the CCME carbon percentage of each fraction (CCME 2008b). 
Table 1.13-2 presents the avian TRV for each sub-fraction. 

Table 1.13-2: Avian TRV for each PHC Sub-fractions 

PHC Sub-Fractions Duck TRV 
(mg/kg-d) 

Proportion of Crude 
(%) 

Avian TRV for each 
Sub-fraction 

(mg/kg-d) 

F1 2.48 0.232 0.57536 
F2 2.48 0.213 0.52824 
F3 2.48 0.345 0.8556 
F4 2.48 0.210 0.5208 

 

Fish 

No TRV for fish exposed to PHC was found in the literature. 
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1.14 Polyaromatic Hydrocarbons 

Mammals 

Animals may be exposed to polyaromatic hydrocarbons (PAHs) in soils either as the result of 
direct ingestion or indirect ingestion in food items. In general, the acute toxicity of PAHs to 
animals increases as the molecular weights increase (Kulig and Pike 2001). Animal studies 
have shown that exposure to PAHs can cause harmful effects on the skin, haematopoietic 
system, small intestine, kidneys, mammary gland and immune response (Shore and Rattner 
2001). Other adverse effects include tumours and effects on reproduction, development and 
immune system. PAHs are metabolized in the liver, where toxicity is associated with cytochrome 
P450-mediated conversion of the parent compound to toxic metabolic intermediates (Shore and 
Rattner 2001). 

With respect to the high molecular weight PAHs, the US EPA identified a geometric mean of the 
NOAEL values of 18 mg/kg bodyweight/d for growth and reproduction. However, as this value is 
higher than the lowest bounded LOAEL for reproduction, growth or mortality, the US EPA set 
their TRV to the highest bounded NOAEL below the lowest bounded LOAEL for reproduction, 
growth or survival which is 0.615 mg/kg bodyweight/d (US EPA 2014).  

The TRV of 0.615 mg/kg-d was used for the following high molecular weight PAH. 

Birds 

Clinical effects of PAH toxicity in birds are similar to that observed in mammals. The TRV of  
0.615 mg/kg-d provided by US EPA (2014), which was used for mammals, was also used for birds. 

Fish 

The TRV of 0.0039 mg/L was adopted from ORNL (Sample et al. 1998) based on studies with 
Daphnia magna by Trucco et al. (1983). 

1.15 Selenium 

Mammals 

Eco-SSL reviewed 274 studies of selenium in mammals, and calculated a geometric mean of 
the NOAEL values for growth and reproduction of 0.437 mg/kg-d by the US EPA (2014). 
However, this value was higher than the lowest bounded LOAEL for reproduction, growth or 
mortality, and therefore, the TRV equalled the highest bounded NOAEL below the lowest 
bounded LOAEL for reproduction, growth and survival of 0.143 mg/kg-d.  

Birds 

A geometric mean of the NOAEL values for growth and reproduction from 219 published values 
was calculated as 0.606 mg/kg-d by the US EPA (2014). However, this value was higher than 
the lowest bounded LOAEL for reproduction, growth or survival, and therefore the TRV equalled 
the highest bounded NOAEL below the lowest bounded LOAEL for reproduction, growth and 
survival of 0.290 mg/kg-d.  
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Fish 

In fish, selenium can cause reproductive effects, as reproductive organs are highly sensitive to 
its effects. The lowest chronic value from the Oak Ridge National Laboratory (Sample et al. 
1998) is 0.08832 mg/L and was based on studies of rainbow trout during early life stages (Goettl 
and Davies 1976). 

1.16 Silver 

Mammals 

US EPA (2014) reviewed 13 studies of silver in mammals, but a minimum of three NOAEL 
values for growth and reproduction were not available. Therefore, the lowest LOAEL value for 
growth and reproduction was selected for derivation of the TRV. Using a safety factor of 10, the 
TRV of 6.02 mg/kg-d was used in the assessment.  

Birds 

US EPA (2014) reviewed 22 studies of silver in avian species, but a minimum of three NOAEL 
values for growth and reproduction were not available. Therefore, the lowest LOAEL value for 
growth and reproduction was selected for derivation of the TRV. Using a safety factor of 10, the 
TRV of 2.02 mg/kg-d was used in the assessment.  

Fish 

The lowest chronic value for fish of 0.120 mg/L is based on early life stage for rainbow trout as 
reported by Davies et al. (1978) (cited in Suter et al. 1996). 

1.17 Strontium 

Mammals 

Skoryna (1981) (as cited in Sample et al. 1996) studied the effects of strontium on rats over the 
course of three years. Four doses were administered, and since there were no adverse 
observed effects in the body weight and bone structure the highest dose was used as the no-
observable-adverse-effect-level (NOAEL) and was determined to be 263 mg/kg-d. 

Birds 

There were no studies available for avian species. As a result, the TRV for mammals of 
263 mg/kg-d was used in the assessment for avian species.  

Fish 

The TRV of 1.5 mg/L was adopted from Sample et al. (1998) for strontium based on studies with 
Daphnia magna by Biesinger and Christensen (1972). 
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1.18 Vanadium 

Mammals 

A geometric mean of the NOAEL values for growth and reproduction from 101 results was 
calculated at 5.92 mg/kg-d by the US EPA (2014). However, this value was higher than the 
lowest bounded LOAEL for reproduction, growth or survival, and therefore the TRV equalled the 
highest bounded NOAEL below the lowest bounded LOAEL for reproduction, growth and 
survival of 4.16 mg/kg-d.  

Birds 

A geometric mean of the NOAEL values for growth and reproduction from 132 studies was 
calculated at 0.1.19 mg/kg-d by the US EPA (2014). However, this value was higher than the 
lowest bounded LOAEL for reproduction, growth or survival, and therefore the TRV equalled the 
highest bounded NOAEL below the lowest bounded LOAEL for reproduction, growth and 
survival of 0.344 mg/kg-d.  

Fish 

Holdway and Sprague (1979) (as cited in Suter et al. 1996) conducted toxicity tests with 
vanadium and early life stages of rainbow trout. The test revealed a LCV of 0.08 mg/L of 
vanadium in fish. This chronic value was adopted as the TRV for vanadium exposure in fish. 

1.19 Zinc 

Mammals 

The Eco-SSL for mammals was calculated by the US EPA (2014) based on a calculation of the 
geometric mean of the NOAEL values for reproduction and growth from 190 published results. 
The geometric mean of NOAEL values was 75.4 mg copper/kg bodyweight/d.  

Birds 

The Eco-SSL for birds was calculated by the US EPA (2014). This was based on a calculation 
of the geometric mean of the NOAEL values for growth and reproduction from 168 published 
results. The geometric mean of NOAEL values was 66.1 mg copper/kg-d.  

Fish 

Sephar (1976) (as cited in Suter et al. 1996) conducted toxicity tests with zinc and the life-cycle 
of Jordanella floridae. The test revealed a chronic value of 0.036 mg/L of zinc in fish. This 
chronic value was adopted as the TRV for zinc exposure in fish.  
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