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1.0 INTRODUCTION 
1.1 Background 

 
Canada North Environmental Services (CanNorth) was retained by Shore Gold Resources 
Inc. (Shore Gold) to collect and analyze the toxicity of effluent from their Star Diamond 
underground exploration mine.  The primary parameter of concern in the effluent is 
elevated total dissolved solids (TDS) concentrations.  Thus, a further objective of this 
study was to assess the impact of a range of hypothetical TDS concentrations at set 
discharge rates in the receiving environment in the Saskatchewan River.   
 
The Shore Gold Star Diamond Project is located approximately two kilometres north of 
the Saskatchewan River (Figure 1).  At this time, mine effluent is contained in unlined 
ponds and is not discharged.  However, the effluent infiltrates into the groundwater which 
flows south towards the river and a small ravine called West Ravine.  The study involved 
testing samples collected from the end-of-pipe discharge and West Ravine (Figure 2). 
  

1.2 Study Objectives 
 
The objectives of this assessment were to: 

 
• collect water samples from the end-of-pipe discharge (station MWS-01) and West 

Ravine (station WRS-03) as required for a suite of toxicity tests and chemical 
analyses; 

• conduct two lethal and four sublethal toxicity assays on the samples from stations 
MWS-01 and WRS-03; 

• conduct chemical analyses measuring levels of TDS, major ions, nutrients, total 
metals, and dissolved metals on the samples from stations MWS-01 and WRS-03; 

• assess the impact of a hypothetical discharge of 4.2 m3/s (250,000 L/min) of 
existing end-of-pipe water quality to the receiving environment (i.e., the 
Saskatchewan River) given known river flow; 

• estimate the impact of a range of hypothetical effluent TDS concentrations from 
500 to 10,000 mg/L on the water quality of the Saskatchewan River to identify 
upper thresholds of TDS that may not harm the aquatic environment; and, 

• provide information on the potential effects that the range of TDS concentrations 
may have on test fish species and fish species indigenous to the Saskatchewan 
River. 
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1.3 Study Area 
 

The Star Diamond Project is located approximately 60 km east of Prince Albert, 
Saskatchewan (Figure 1).  The project is situated in a burnt portion of the Fort à la Corne 
forest, two kilometres north of the Saskatchewan River.  
 

1.3.1 Ecosystem Description 
 
The Star Diamond Project area occurs in the La Corne Plain Landscape Area within the 
Boreal Transition Ecoregion of the Boreal Plain Ecozone (Acton et al. 1998, SKCDC 
2002).  This ecoregion represents a transition between the grasslands to the south and the 
boreal forest to the north.  The La Corne Plain is an undulating fluvial-glaciolacustrine 
plain that occurs along the Saskatchewan River (Simpson 1997).  The project is 
surrounded by the Fort à la Corne sand hills that cover an area of approximately 1200 
km2 (Wolfe et al. 2006).  The underlying bedrock consists of silt and clay shales of the 
late Cretaceous age.  Dominant soil types in the project area are sandy-loam Gray 
Luvisols; however, Brunisolic soils associated with the sand hills are also prevalent in the 
region (Fung 1999).   
 
The climate in the study area has been classified as humid continental by the Köppen 
classification, and dry sub-humid using the Thornthwaite (1948) moisture index (Fung 
1999).  The climate in this region is typical of the subarctic climate in northern areas and 
at higher elevations (Acton et al. 1998).  Summary climate data for the ecoregion are 
provided in the following table. 
 

Boreal Transition Ecoregion Climate 
Mean annual precipitation 452 mm 
Mean annual snowfall 143 cm 
Mean July Temperature 17.4°C 
Mean January Temperature -20.0°C 
Mean annual daily temperature 0.4°C 
Frost free period 94 days 
 

Source: Acton et al. (1998), SKCDC (2002). 
  

Jack pine (Pinus banksiana) and trembling aspen (Populus tremuloides) are the two 
dominant tree species in the project area, and many upland areas are regenerating from a 
20-year old burn through the region (CanNorth 2007).  Common shrub species in the 
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project area include saskatoon berry (Amelanchier alnifolia), prickly rose (Rosa 
acicularis), common blueberry (Vaccinium myrtilloides), green alder (Alnus crispa), and 
bearberry (Arctostaphylos uva-ursi) (CanNorth 2007).  Elk sign was noted in the West 
Ravine at the time of the water sampling.   More extensive vegetation information for the 
project area is provided in the draft report “Vegetation and rare plant survey of the Shore 
Gold Project study area near Prince Albert, Saskatchewan” (CanNorth 2007).  
 

1.3.2 General Hydrology 
 
The dominant hydrological feature in the study area is the Saskatchewan River, which is 
located approximately two kilometres south of the project.  Two ravines on either side of 
the project lead to the river (Figure 2).  The drainage area of West Ravine is estimated to 
be 1.95 km2.   
 
The Saskatchewan River Forks is located approximately 45 km upstream (20 km over 
land) of the Star Diamond Project.  The Gardiner and Qu’Appelle dams on the South 
Saskatchewan River and the Bighorn Dam on the North Saskatchewan River in Alberta 
regulate streamflow in the Saskatchewan River.  The flow regime in the South 
Saskatchewan River has changed considerably since the completion of the Gardiner Dam 
in 1968 (Conor Pacific and Clifton 1999).  Prior to 1968, peak flows from snowmelt in 
the foothills and prairie regions occurred in April and May, usually followed by a larger 
peak flow from mountain snowmelt in June (Richards 1980).  From 1968 onward, peak 
flows tend to occur in the winter months when Lake Diefenbaker is being drawn down to 
meet power demands, while spring and summer runoff is stored in the reservoir for later 
use in power generation and irrigation (Conor Pacific and Clifton 1999).   
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2.0 METHODS 

2.1 Sampling and Shipping 
 
Two stations were sampled in the Star Diamond Project area on January 3, 2007; 
the end-of-pipe discharge station MWS-01 and the West Ravine station WRS-03.  
Locations of the sampling stations relative to the project area and the 
Saskatchewan River are presented in Figure 2.   
 
The Stantec Consulting Ltd. laboratory provided detailed sampling and shipping 
protocols for water samples taken for toxicity assays, as well as supplying 
sampling containers, coolers, gel packs, and chain of custody forms.  All sampling 
containers (liners, bottles, and polyethylene jugs) and equipment were rinsed 
thoroughly with site water prior to sampling.  Trapped air was expelled from the 
sampling containers, and no headspace was left in the sample bottles.  Containers 
were sealed tightly.  Shipping labels were attached to all containers, and a 
waterproof copy of the chain of custody form was included in the shipment.  
Samples remained in the custody of CanNorth personnel until they were shipped.  
 
It is required that water samples be maintained at temperatures above freezing, 
and the ideal temperature for shipping and storage is 4°C.  Initial water 
temperatures were 1°C at the receiving water station WRS-03, and 9 to 10°C at 
the end-of-pipe discharge station MWS-01.  Effort was made to cool the acute 
toxicity sample waters at the MWS-01 station by storing the containers 
temporarily in the snow and shade during sampling.  Thereafter, these samples 
were packed in coolers with gel packs and loose ice in order to keep them cool 
(between 1°C and 7°C) during storage.  A total of 78 L of water was collected 
from each sampling site.   
 
The water samples were shipped on January 3, 2007 via Purolator Courier to the 
Stantec Consulting Ltd. toxicity laboratory in Guelph.  Overnight delivery 
ensured that time limitations were met for the toxicity tests; a maximum of three 
days is allowed between sampling and analysis for sublethal tests.  The water 
samples arrived to the laboratory on January 4, 2007, and water temperatures 
measured upon arrival were within the required limits.     
 



METHODS 
 
 

Shore Gold Inc.  –  November 2008               5 
Toxicity Testing and Hypothetical Water Quality Assessment   CanNorth 

2.2 Water Quality 
 
Chemical analyses on the water samples from stations MWS-01 and WRS-03 
collected January 3, 2007 included TDS, major ions, nutrients, dissolved metals, 
and total metals.  In addition, Shore Gold provided water chemistry data collected 
in July 2006 from the Saskatchewan River, upstream and downstream of the West 
Ravine at stations NSRS-01 and NSRS-02.  ALS Laboratories in London, Ontario 
provided water chemistry testing services for this project.   
 

2.2.1 QA/QC  
 
Quality control reports for the analyses are provided with the water quality 
laboratory results in Appendix A.  CanNorth personnel reviewed the results 
against water quality objectives (CCME 2005, SE 2006) and compared them to 
previous water quality monitoring results provided by Shore Gold.  Through an 
examination of major ion balance, anomalous values for sodium from Station 
MWS-01 were identified.  As a result, the sample was re-digested and re-
analyzed; the revised report is provided in Appendix A. 
 

2.3 Toxicity Tests 
 
The toxicity tests chosen for this effluent study are standard tests required by the 
Canadian Metal Mining Effluent Regulations (MMER) (EC 2002).  It is noted 
that the Star Diamond Project is not directly regulated by the MMER.  However, 
these six acute and sublethal tests chosen are based on standard methods from 
Environment Canada (EC 1990a, 1990b, 1992a, 1992b, 1992c, and 1999), and 
these test methods are the accepted industry standard in Canada for toxicity 
testing.  The following table provides information on the acute and sublethal tests 
and protocols included in this study.   

 
Acute tests: Test Method Length 

LC50 using rainbow trout (Oncorhynchus mykiss) EPS 1/RM/13 96-hour 
LC50 using the water flea (Daphnia magna) EPS 1/RM/14 48-hour 

Sublethal tests:     
Survival and reproduction of the water flea (Ceriodaphnia dubia) EPS 1/RM/21 7-day 
Survival and growth of fathead minnow (Pimephales promelas) EPS 1/RM/22 7-day 
Growth inhibition of green algae (Selenastrum capricornutum) EPS 1/RM/25 72-hour 
Growth inhibition lesser duckweed (Lemna minor) EPS 1/RM/37 7-day 
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Toxicity analyses were completed in January 2007 on large-bodied fish, small-
bodied fish, plant, and algae species at the Stantec Consulting Ltd. laboratory in 
Guelph, Ontario.  A 96-hour acute lethality test was performed on rainbow trout, 
and a 48-hour acute lethality test was performed on the crustacean, D. magna.  
The endpoint for the test is an LC50, which is the concentration of sample that is 
calculated to be lethal to 50% of the test organism over the exposure period.  
Sublethal tests were completed for C. dubia, fathead minnow, S. capricornutum, 
and lesser duckweed.  Sublethal test methods calculate the IC25 for each test 
species in each sample.  The IC25 is the “inhibition” concentration of the test 
substance in water that is estimated to cause 25% reduction in growth or 
reproduction.    
 
A dilution factor of 0.5 was used for the acute tests, while a dilution factor of 0.3 
was used for the sublethal tests.  Acute test concentrations were 0% (control), 
6.25%, 12.5%, 25%, 50%, and 100%.  There were four D. magna replicates and 
ten rainbow trout test organisms.  Sublethal test substance concentrations were 
0%, 0.81%, 2.7%, 9%, 30%, and 100% in order to be representative of the actual 
dilution effect of the Saskatchewan River at low to median streamflow on a 
hypothetical effluent discharge.  There were ten test replicates for each 
concentration for C. dubia, and three test replicates for each concentration of 
fathead minnow, lesser duckweed, and S. capricornutum.  
 
Standard laboratory water was used for the dilutions in the toxicity testing1.  Some 
of the merits of using laboratory water include: 1) that it provides a measure of 
the inherent toxicity of the effluents and allows comparison of effluent quality 
over time, 2) no additional acclimation or screening procedures are necessary, 3) 
it can be maintained at a consistent quality with less risk of contamination by 
harmful chemicals or biota, and 4) the volume of sample required for shipping is 
greatly reduced.  The hardness, conductivity, and pH of the laboratory water were 
similar to background values measured in the Saskatchewan River at the Shore 
Gold site in July 2006.   
 
 
 

                                                 
1  Standard laboratory water is used for culturing and testing requirements (including dilutions) at most laboratories in 
Canada (EC 2002). 
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2.3.1 QA/QC  
 
Stantec Consulting Ltd. laboratory is certified with the Canadian Association for 
Environmental Analytical Laboratories (CAEAL) and regularly performs acute 
and sublethal testing.  Quality control for the toxicity tests is required by the 
MMER regulations, and is provided in detail in the standard test methods (EC 
1990a, 1990b, 1992a, 1992b, 1992c, and 1999).  All test validity criteria as 
specified in the test methods were satisfied.   
 
Reference toxicant tests were conducted concurrent with all the test methods to 
ensure that the test organism sensitivity was within acceptable quality control 
warning chart limits.  A sodium-chloride reference test was conducted for the D. 
magna, C. dubia, and S. capricornutum, and a potassium-chloride reference test 
was conducted for rainbow trout, lesser duckweed, and fathead minnow.   
 

2.4 Low Flow Calculation  
 

A characteristic low streamflow value was calculated for the Saskatchewan River 
in the vicinity of the project area.  This was completed to estimate the dilution 
effect from the river on a hypothetical steady effluent discharge containing a 
range of TDS concentrations from 500 mg/L to 10,000 mg/L.  The 7Q10 is a 
standard low streamflow criterion above which all pollutant loads should conform 
to water quality objectives (SE 2006).  Streamflow lower than this discharge 
value would occur infrequently, and under such conditions it would not be 
expected that all water quality objectives would be met for a given watercourse.  
The 7Q10 is the streamflow equal to or less than the mean seven-day low flow 
that would occur (on average) once in ten years (Q = discharge, m3/s).  It is not 
practical for use on small streams where streamflow may be intermittent 
(Elshorbagy et al. 2005), but would be applicable for the Saskatchewan River.    
 
In order to provide low streamflow records for the Saskatchewan River, a daily 
long-term streamflow dataset was compiled from the combined flows of the North 
and South Saskatchewan Rivers.  The Water Survey of Canada (WSC 2006) 
stations at Saskatoon (05HG001) and Prince Albert (05GG001) were combined.  
The 7Q10 streamflow was calculated over the period 1975 to 2005 utilizing 
AQUAPAKTM programming (Gordon et al. 2004).   
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In the compiled dataset, it was approximated that the streamflow was delayed one 
day from Prince Albert to the project, and two days from Saskatoon to the project.  
No adjustment of the dataset was made to account for the increased effective 
drainage area of the two Saskatchewan rivers, as the increase is only 1.2% 
between the Saskatoon and St. Louis (05HH001) stations, and may be considered 
insignificant.  In addition, the water balance of the two rivers between Saskatoon, 
Prince Albert, and the project is not known (e.g., there may be a net loss of 
streamflow volumes due to domestic water source withdrawal, or gains and/or 
losses due to natural processes).   
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3.0 RESULTS  
3.1 Water Quality  
 

Water quality results for the end-of-pipe discharge (station MWS-01) and receiving 
environment (station WRS-03), collected in January 2007 in support of the toxicity 
analyses, are provided in Tables 1 and 2 and Appendix A.  Water chemistry results from 
the Saskatchewan River upstream and downstream of the West Ravine in July 2006 
(stations NSRS-01 and NSRS-02) provide valuable data for the receiving environment 
and therefore this information has been included in Table 1.   
 

3.1.1 Major Ions 
 

In comparison to the Saskatchewan River, TDS values at the end-of-pipe discharge and 
receiving environment stations are elevated.  In the January 2007 samples, TDS was 
4,360 mg/L at station MWS-01 and 1,870 mg/L at station WRS-03.  TDS concentrations 
on the Saskatchewan River at stations NSRS-01 and NSRS-02 were 253 mg/L and 247 
mg/L in July 2006, respectively.   
 
Major ion balances were calculated and examined for each water sample as a quality-
assurance check of the chemical analyses, and also to determine the dominant major ions.  
The ion balance was calculated (in meq/L) as the total dissolved-cation concentration 
minus the total dissolved-anion concentration divided by the total concentration of ions 
dissolved in solution.  Stations MWS-01 and WRS-03 were dominated by sodium-
chloride type water, while NSRS-01 and NSRS-02 were dominated by calcium 
bicarbonate type water (Table 3).  Reynoldson (1983) also noted that the major dissolved 
salt on the North Saskatchewan River was calcium bicarbonate.  Calcium and magnesium 
concentrations were higher at the WRS-03 station compared to MWS-01, which may be 
inferred from the higher hardness measured at this station.   
 
There are no Saskatchewan Environment (SE 2006) objectives or CCME (2005) 
guidelines for major ions and TDS for the protection of aquatic life.  The aesthetic 
objective for TDS of 500 mg/L recommended by Health Canada (1991) is also the 
maximum water quality objective for certain agricultural purposes, including the 
irrigation of certain crops (SE 2006).  This level was exceeded at stations MWS-01 and 
WRS-03 in the January 2007 samples.  
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Chloride concentrations measured at MWS-01 and WRS-03 were 2,120 mg/L and 810 
mg/L, respectively, while the chloride measured at NSRS-02 downstream of the West 
Ravine in July 2006 was only 6 mg/L.  Although no guidelines or water quality 
objectives exist for chloride for the Saskatchewan River in the study area, the Prairie 
Provinces Water Board objective for this river near the Manitoba border is 68 mg/L 
chloride. 
 

3.1.2 Total and Dissolved Metals 
 
Total metal concentrations allow for the comparison of station water quality information 
to guidelines.  However, dissolved metals represent the portion of total metal 
concentrations that are more biologically available.  In general, total metal concentrations 
were highest at station MWS-01, followed by WRS-01, and were lowest at the 
Saskatchewan River stations NSRS-01 and NSRS-02 (Tables 1 and 2).  Notable 
exceptions were that total concentrations of barium, iron, and manganese were higher at 
WRS-01 than at MWS-01.  Dissolved metals were generally lower at the WRS-01 station 
as well.  
 
Water sampling results from the stations MWS-01 and WRS-03 (collected in January 
2007) and NSRS-01 and NSRS-02 (collected in July 2006) were compared with water 
quality objectives (SE 2006) for the protection of aquatic life (Table 1).  Several 
parameters slightly exceeded water quality objectives from the MWS-01 station, 
including aluminium, ammonia-N, cadmium, chromium, and selenium.  In the WRS-03 
water sample, cadmium, iron and selenium values met or exceeded the objectives.  It is 
noted that the dissolved selenium value was 150% greater than the total selenium value, 
which is anomalous.  Aluminium in samples collected from stations NSRS-01 and 
NSRS-02 in July 2006 exceeded SE (2006) guidelines in the Saskatchewan River; total 
iron was equivalent to the water quality objective at NSRS-02. 
 
Based on water quality data provided by Shore Gold from July 2006, there were no 
measured changes in TDS, major ions, and metal concentrations from upstream of the 
project on the Saskatchewan River versus downstream of the project.  The impact of this 
project on the water quality of the river was negligible at that time.     
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3.2 Toxicity Tests 
3.2.1 Acute  
 

The end-of-pipe discharge (MWS-01) and the West Ravine station (WRS-03) samples 
tested were found to be non-acutely toxic to rainbow trout and D. magna.  Acute toxicity 
test results are provided in Appendix B.  The LC50 refers to the concentration of effluent 
in water that is estimated to cause death of 50% of the test organisms within a fixed 
period of time.  There was no mortality in both the WRS-03 sample and the MWS-01 
sample at 100% effluent concentrations.  This is in compliance with Canadian MMER 
(Canada 2002), as well as Saskatchewan Environment (SE 2006) monitoring 
requirements for acute toxicity.    
 

3.2.2 Sublethal  
 
The water sample from the West Ravine (WRS-03) did not cause significant sublethal 
toxic effects (Appendix C).  There were no significant adverse effects in terms of fathead 
minnow growth (IC25 > 100%), C. dubia reproduction (IC25 > 100%), lesser duckweed 
growth (IC25’s for weight and frond production > 100%), or S. capricornutum growth 
(IC25 > 100%).  In addition, there was no significant mortality of larval fathead minnows 
(≤ 6.7% mortality) or C. dubia (≤ 10% mortality) at any concentration tested.  No 
aberrant behaviour or swimming impairment was observed in the test organisms.      
   
The end-of-pipe discharge test sample (MWS-01) did not adversely affect fathead 
minnow survival (LC50 > 100%) or growth (IC25 > 100%).   Similarly, the sample tested 
had no adverse effect on S. capricornutum growth (IC25 > 100%) (Appendix C).   
 
Lesser duckweed growth results in the MWS-01 sample were mixed.  Based on weight, 
there was no significant adverse effect (IC25 > 97%), which is the highest concentration 
that can be tested due to addition of growth media to the sample.  However, based on 
frond production, there was a noticeable effect (IC25 = 53.7%).  Generally, weight is the 
more reliable estimate of growth impacts, so this would suggest relatively little to no 
effect (Stantec, Pers. Comm.).   

  
The MWS-01 sample tested clearly exhibited lethal and sublethal toxicity to C. dubia in 
the test results.  There was evidence of reduced survival with an LC50 of 16.4%, and 
reduced reproduction with an IC25 of 4.1%.  This means that at a MWS-01 test sample 
concentration of 4.1%, there was a 25% reduction in C. dubia reproduction.   
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In order to monitor water quality during the toxicity testing, hardness, pH, dissolved 
oxygen, specific conductance, and water temperature were measured prior to and/or 
during the various toxicity analyses, depending on the relevance of these results to the 
analyses (Table 4).  It is required by the toxicity test methods that these parameters 
remain static for the duration of the assays.  The similarity of the hardness and pH results 
to background levels measured in the Saskatchewan River supports the use of laboratory 
water for dilution water in this study. 
 

3.3 Hypothetical TDS concentrations 
 

The seven-day low flow (7Q10) for the Saskatchewan River was calculated to be 163 
m3/s from the combined daily records of the North and South Saskatchewan rivers.  
Results are provided in Table 5.  The hypothetical effluent discharge of 4.2 m3/s assumed 
for the purposes of this study makes up 2.5% of the 7Q10 streamflow criteria for the 
Saskatchewan River on a volume basis, and approximately 1% of the estimated mean 
annual daily flow of 417 m3/s.  Assumptions included that there was no additional surface 
runoff into the Saskatchewan River from the West Ravine, apart from the effluent 
discharge of 4.2 m3/s.  In addition, it was assumed that there was no change in water 
quality from the end-of-pipe discharge (i.e., station MWS-01) to the Saskatchewan River.   
 
The hypothetical loading rates of TDS into the Saskatchewan River (and its 
concentrations) were calculated making the assumption of the direct input of effluent 
containing concentrations of TDS ranging from 500 mg/L to 10,000 mg/L at a rate of 4.2 
m3/s (363,000 m3/day).  Based on these calculations, TDS concentrations ranging from 
marginally over background levels of 250 mg/L up to 495 mg/L were estimated for the 
Saskatchewan River downstream of the project (Table 6).  The loading rate was 
calculated by multiplying the concentration and the discharge.  Utilizing the measured 
TDS level from station MWS-01 and the 7Q10 low streamflow, the loading rate would be 
5.8 x 104 g/m3/day TDS.  Daily loading rates based on the range of hypothetical TDS 
concentrations, including the actual TDS concentration in the end-of-pipe discharge are 
also included in Table 6.  
 

3.4 Potential Impacts to Fish 
 

There may be potential impacts to the indigenous fish population of the Saskatchewan 
River from elevated TDS levels.  A total of 32 fish species have been recorded in the 
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Saskatchewan River in this province (Table 7).  However, the worst-case scenario TDS 
concentration calculated in the hypothetical scenario discussed above was less than 500 
mg/L, and this is not likely to cause acute lethality effects on resident fish species.  
Besides elevated TDS, there are other constituents in the MWS-01 effluent that may harm 
fish, however; these were generally below (SE 2006) water quality objectives at station 
WRS-03 and stations NSRS-01 and NSRS-02 in the river.  As this study is focusing on 
elevated TDS as the primary parameter of concern, the sensitivity of test and indigenous 
fish species to elevated TDS and chloride (particularly sodium chloride) will be 
compared in a general manner2.  Standard laboratory toxicity results were not available 
for the majority of the resident fish species listed in Table 7.   
 
Several studies have examined the salinity tolerance of resident fish species at different 
life stages, end points, and salinity types.  Walleye (Stizostedion vitreum) fry displayed 
more sensitivity to sodium chloride than lake whitefish fry (Coregonus clupeaformis), 
however; the effects (e.g., immobilization of fry) occurred at extremely high 
concentrations of 3,000 mg/L and 16,000 mg/L (Evans and Frick 2001).  Northern pike 
(Esox lucius) fry displayed an upper tolerance limit between 1,000 and 3,000 mg/L TDS 
(Peterka and Hendrickson 1990, TAEM 1994).  The reproduction of white sucker 
(Catostomus commersoni) were impaired at 3,000 mg/L TDS in sodium carbonate and 
sodium sulphate type water from a Saskatchewan lake (Schryer 1993).   
 
Fathead minnows, brook stickleback (Culaea inconstans), ninespine stickleback 
(Pungitius pungitius), Iowa darter (Etheostoma exile), and perch (Perca spp.) are among 
the fish species resident to Saskatchewan that are more tolerant to elevated TDS (TAEM 
1994, Goodfellow et al. 2000, Evans and Frick 2001, CanNorth 2004a).  Mean 96-hour 
LC50 for fathead minnow was found to be 6,390 mg/L sodium chloride at temperatures 
of 25°C in a study by Mount et al. (1997), and 10,800 mg/L in a study by Birge et al. 
(1985) (USEPA 1988).  In comparison to fathead minnow results, the mean 96-hour 
LC50 value for rainbow trout indicated a lower tolerance to chloride salinity; the LC50 
concentration determined in the potassium chloride reference toxicant tests by Stantec 
was 3,815 mg/L.  Other studies estimated the LC50 of rainbow trout to be 2,500 mg/L 
(Beak 1999, CEPA 2001).   
 

                                                 
2 It is noted that quantitative comparisons can only be made within individual studies, due to differences in test methods, 
including water temperature, hardness, exposure time, species, life stage, and salinity type.  
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Elevated salinity levels may produce chronic effects in fish related to growth and 
reproduction due to the energy-taxing requirements of osmoregulation (Goodfellow et al. 
2000).  Through the testing of reference toxicants consisting of potassium chloride, the 
toxicity laboratory determined that the mean survival IC25 value for fathead minnow was 
690 mg/L. In comparison, adverse chronic effects from chloride occurred in nine 
freshwater species in concentrations ranging from 735 mg/L to 4,681 mg/L in British 
Columbia (Nagpal et al. 2003).  In comparison, the concentration of chloride measured in 
water from station WRS-03 exceeded 800 mg/L.  Fathead minnows experienced chronic 
effects from a chloride concentration of 433 mg/L (Birge et al. 1985, USEPA 1988); 
however, the test water hardness was lower than that measured in this study at the 
sampling stations and also in the river.  There was no observed effect during a 33-day 
early life stage test on fathead minnows at a chloride concentration of 252 mg/L (Evans 
and Frick, CEPA 2001).  It is noted that the tolerance of aquatic organisms to chloride 
can be increased gradually through acclimation, allowing them to develop mechanisms 
for dealing with osmotic shock and other physiological stresses (Evans and Frick 2001).    
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4.0 SUMMARY AND CONCLUSIONS 
 
The Saskatchewan Surface Water Quality Objectives effluent release guidelines state that 
effluent releases should avoid causing acute lethality or harm to aquatic organisms (SE 
2006).  Toxicity testing illustrated that the MWS-01 effluent at 100% concentration was 
not acutely toxic to the test species, including rainbow trout and D. magna.  However, 
chronic effects occurred for 25% of the C. dubia population tested (IC25) in the MWS-01 
concentration of 4.1%.  In addition, there was some impediment of lesser duckweed frond 
production but no significant effect by weight.   
 
The high TDS of 4,360 mg/L in test sample MWS-01 could have accounted for the 
effects on survival and reproduction observed.  The EPA noted that if the TDS is greater 
than approximately 1,340 mg/L, toxicity due to ion imbalance is likely (Specht 2005).  
In-house reference toxicant testing using sodium chloride (completed by the toxicity 
laboratory) has previously shown similar effects on survival and reproduction of C. dubia 
(Stantec, Pers. Comm.).  However, it is noteworthy that no acute or chronic effects 
occurred on any test species in the West Ravine sample, which had a TDS concentration 
of 1,870 mg/L.  The higher hardness at WRS-03 may be one factor contributing to the 
lack of chronic effects in this test sample.  Lasier et al. (2006) speculated that this would 
be a function of the role of calcium and magnesium in mitigating ionic imbalances.  TDS 
alone may not be the cause of the toxicity effects on test species, as there were other 
constituents in MWS-01 that were equal to or above CCME (2005) guidelines including 
aluminium, ammonia-N, cadmium, chromium, and selenium.  Further toxicity testing 
may be required to identify contaminants of concern to aquatic life other than elevated 
TDS.   
 
The indigenous fish population of the Saskatchewan River is not likely to be affected by 
effluent currently released to the environment from the Star Diamond Project.  This is 
supported by the lack of adverse acute and sublethal toxicity effects at station WRS-03.  
No chronic effects occurred to fathead minnow in this study; however, this species may 
be considered to be relatively tolerant of elevated salinity (TAEM 1994, Goodfellow et 
al. 2000, Evans and Frick 2001, CanNorth 2004a).  Water quality from MWS-01 was 
characterized by high TDS, and dominated by chloride and sodium ions.  The 
concentrations of TDS and other potentially harmful constituents in the effluent were 
much lower at station WRS-03, compared to station MWS-01.  In addition, there was no 
increase in these constituents from station NSRS-01, located on the Saskatchewan River 
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upstream of the project, to station NSRS-02, located on the Saskatchewan River 
downstream of WRS-03.  Finally, the Saskatchewan River has sufficient assimilation 
capacity, even at the estimated 7Q10 low streamflow criteria. 
 
The elevated TDS in the Star Diamond Project effluent was the focus of this study.  The 
hypothetical loading to the river of a range of effluent TDS concentrations was calculated 
to assist in evaluating potential effects to aquatic life.  It was determined that under the 
specified worst-case scenario conditions, TDS would not be elevated above 500 mg/L 
downstream of the project in the Saskatchewan River.  At TDS concentrations near 500 
mg/L, it is possible that there would be chronic effects to aquatic life, as previous studies 
have shown (Evans and Frick 2001, CEPA 2001, Nagpal et al. 2003). 
 
It is not recommended that the project release effluent that would significantly increase 
the TDS concentration in the Saskatchewan River.  As sodium and chloride are the 
primary constituents of TDS at the stations assessed, it is recommended that water quality 
objectives set for the Saskatchewan River at the mouth of the Carrot River, farther 
downstream (PPWB 2003) for dissolved sodium (100 mg/L) and dissolved chloride (68 
mg/L), also be met downstream of this project.   
 
The Saskatchewan River is a multiple use watershed and the Shore Gold effluent is not 
the only potential source of contamination.  Cumulative effects on river water quality 
may result from other major effluent releases into the Saskatchewan River upstream of 
this project.  The pulp and paper mill at Prince Albert released effluent into the North 
Saskatchewan River upstream of the project until its recent closure.  However, this plant 
may be reopened again in the future.  Major cities on the rivers in Saskatchewan that 
release domestic wastewater include Saskatoon, North Battleford, and Prince Albert.  In 
addition, Edmonton releases wastewater on the North Saskatchewan River.  Cumulative 
effects on water quality should be taken into account before any changes are made to the 
Shore Gold effluent composition or discharge.   
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TABLE 1
Water chemistry results from stations MWS-01 and WRS-03 collected in January 2007 at the Star 
Diamond Project, Saskatchewan, and stations NSRS-01 and NSRS-02 on the Saskatchewan River, 

compared to Saskatchewan Environment (2006) water quality objectives. 
 WRS-03  MWS-01  NSRS-01 NSRS-02
Jan-07 Jan-07  July 2006  July 2007

Aluminium 1 mg/L 0.1 0.04 2.91 0.14 0.14
Ammonia - N 2 mg/L 2.33, 0.232 <0.05 1.6 0.05 0.03
Antimony mg/L - <0.005 n/c <0.0002 <0.0002
Arsenic mg/L 0.005 0.002 0.003 0.0009 0.0009
Barium mg/L - 0.34 0.03 0.084 0.083
Beryllium mg/L - <0.001 <0.001 <0.0001 <0.0001
Bicarbonate mg/L - 248 237 188 188
Bismuth mg/L - <0.001 <0.001 - -
Boron mg/L - 0.67 2.28 0.02 0.02
Bromide mg/L - 0.5 1.4 - -
Cadmium 3 mg/L 0.0001 0.0001 0.0004 <0.0001 <0.0001
Calcium mg/L - 114 23.9 47 49
Carbonate mg/L - <10 13 5 5
Chloride mg/L - 810 2120 7 6
Chromium mg/L 0.001 <0.001 0.012 <0.0005 <0.0005
Cobalt mg/L - <0.0005 0.0006 0.0003 0.0003
Copper 3 mg/L 0.003 0.001 0.002 0.0009 0.0009
Fluoride mg/L - <0.1 0.6 0.1 0.13
Hydroxide mg/L - <5.0 <5.0 <1 <1
Iron mg/L 0.3 0.73 <0.05 0.28 0.3
Lead 3 mg/L 0.004 <0.001 <0.001 0.0002 0.0002
Magnesium mg/L - 21 77.4 17 17
Manganese mg/L - 0.294 0.002 0.021 0.021
Molybdenum mg/L - 0.002 0.012 0.0011 0.0011
Nickel 3 mg/L 0.110 0.005 0.029 0.0013 0.0013
Nitrate mg/L - 0.1 1.6 0.04 <0.04
Nitrite mg/L - <0.5 <0.5 - -
Organic carbon, dissolved mg/L - 5 2 4.9 4.7
pH pH units - 7.93 8.76 8.45 8.45
Phosphate-P (ortho) mg/L - <0.3 n/c - -
Potassium mg/L - 3 32 2.6 2.7
Selenium mg/L 0.001 0.006 0.012 0.0004 0.0004
Silicon mg/L - 5.7 22.6 - -
Silver mg/L 0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Sodium mg/L - 500 1587 18 17
Specific Conductivity µS/cm - 3345 7788 443 436
Strontium mg/L - 0.249 0.538 0.38 0.38
Sulphate mg/L - 168 442 64 65
Thallium mg/L - <0.0003 <0.0003 <0.0002 <0.0002
Tin mg/L - <0.001 <0.001 <0.0001 <0.0001
Titanium mg/L - 0.005 0.391 0.0032 0.0032
Tungsten mg/L - <0.01 <0.01 - -
Total alkalinity mg/L - 250 250 162 162

Total Metals and Anions Units SE (2006)
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TABLE 1
Water chemistry results from stations MWS-01 and WRS-03 collected in January 2007 at the Star 
Diamond Project, Saskatchewan, and stations NSRS-01 and NSRS-02 on the Saskatchewan River, 

compared to Saskatchewan Environment (2006) water quality objectives. 
 WRS-03  MWS-01  NSRS-01 NSRS-02
Jan-07 Jan-07  July 2006  July 2007

Total Metals and Anions Units SE (2006)

Total dissolved solids mg/L - 1870 4360 253 247
Total hardness mg/L - 420 160 187 192
Total Kjeldahl nitrogen mg/L - 0.3 n/c 0.73 2.1
Turbidity NTU - 2.7 2.9 16 18
Uranium mg/L 0.015 <0.005 <0.005 0.0011 0.0010
Vanadium mg/L - <0.001 0.016 0.0009 0.001
Zinc mg/L 0.03 <0.003 <0.003 0.0009 0.0014
Zirconium mg/L - <0.004 <0.004 - -

1 The water quality objective for aluminium was determined from the pH, Calcium concentration, and DOC of each sample 
as described in SE (2006).  

Note 1: Only those SE (2006) water quality objectives for the protection of aquatic life are included.

2 The water quality objective for ammonia-N was determined to be 2.33 mg/L for WRS-03 and 0.232 mg/L for MWS-01 
from the pH and field temperature of each sample, using Table 4.1.1 of SE (2006).
3 The water quality objective for cadmium, copper, lead, and nickel were determined from the hardness of each sample as 
described in SE (2006).  The lower water quality objectives are provided; these were all based on the hardness value of 
160 mg/L from the MWS-01 station.  

n/c = not completed.
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TABLE 2
Total and dissolved metal concentrations from stations MWS-01 and WRS-03 at the 

Star Diamond Project, Saskatchewan, collected in January 2007.

Total Dissolved Total Dissolved
Aluminium mg/L 0.01 0.04 <0.01 2.91 0.01
Antimony mg/L 0.005 <0.005 <0.005 n/c n/c
Arsenic mg/L 0.001 0.002 0.001 0.003 0.003
Barium mg/L 0.01 0.34 0.33 0.03 0.03
Beryllium mg/L 0.001 <0.001 <0.001 <0.001 <0.001
Bismuth mg/L 0.001 <0.001 <0.001 <0.001 <0.001
Boron mg/L 0.05 0.67 0.70 2.28 2.78
Cadmium mg/L 0.0001 0.0001 <0.0001 0.0004 0.0004
Calcium mg/L 0.5 114 116 23.9 12.4
Chromium mg/L 0.001 <0.001 <0.001 0.012 0.012
Cobalt mg/L 0.0005 <0.0005 <0.0005 0.0006 0.0006
Copper mg/L 0.001 0.001 0.001 0.002 0.002
Iron mg/L 0.05 0.73 <0.05 <0.05 <0.05
Lead mg/L 0.001 <0.001 <0.001 <0.001 <0.001
Magnesium mg/L 0.5 21 21.3 77.4 21.6
Manganese mg/L 0.001 0.294 0.259 0.002 0.002
Molybdenum mg/L 0.001 0.002 0.002 0.012 0.012
Nickel mg/L 0.002 0.005 0.005 0.029 0.029
Phosphorus mg/L 0.05 <0.05 <0.05 0.39 <0.05
Potassium mg/L 1 3 3 32 33
Selenium mg/L 0.005 0.006 0.015 0.012 0.012
Silicon mg/L 0.1 5.7 7.6 22.6 3.8
Silver mg/L 0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Sodium mg/L 0.5 500 500 1587 1587
Strontium mg/L 0.001 0.249 0.243 0.538 0.538
Thallium mg/L 0.0003 <0.0003 <0.0003 <0.0003 <0.0003
Tin mg/L 0.001 <0.001 <0.001 <0.001 <0.001
Titanium mg/L 0.002 0.005 <0.002 0.391 0.007
Tungsten mg/L 0.01 <0.01 <0.01 <0.01 <0.01
Uranium mg/L 0.005 <0.005 <0.005 <0.005 <0.005
Vanadium mg/L 0.001 <0.001 <0.001 0.016 0.003
Zinc mg/L 0.003 <0.003 <0.003 <0.003 <0.003
Zirconium mg/L 0.004 <0.004 <0.004 <0.004 <0.004

n/c = analysis not completed.

WRS-03 MWS-01Parameter Units Detection 
Limit
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Major ion balances for water samples from stations WRS-03 and MWS-01 collected in January 2007, and stations NSRS-01 and NSRS-02 collected 
in July 2006 at the Star Diamond Project, Saskatchewan.

Cations Anions 
Calcium 
(Ca2+)

Magnesium 
(Mg2+)

Sodium 
(Na+)

Potassium 
(K+)

SUM
Chloride 

(Cl-)
Carbonate 

(CO3
2-)

Bicarbonate 
(HCO3

-)
Sulphate 
(SO4

2-)
SUM

MWS-01 12.4 21.6 1575 33.0 2120 13 237 442
WRS-03 116 21.3 500 3.0 810 10 248 168
NSRS-01 47 17 18 2.6 7 5 188 64
NSRS-02 49 17 17 2.7 6 5 188 65
Milliequivalent wt. 20.0 12.2 23.0 39.1 - 35.5 30.0 61.0 48.0 -

MWS-01 0.62 1.8 68.5 0.84 72 59.8 0.4 3.9 9.2 73
WRS-03 5.8 1.8 21.7 0.077 29 22.8 0.3 4.1 3.5 31
NSRS-01 2.3 1.4 0.78 0.066 4.6 0.2 0.2 3.1 1.3 4.8
NSRS-02 2.4 1.4 0.74 0.069 4.7 0.2 0.2 3.1 1.4 4.8

MWS-01 0.9 2.5 95.5 1.2 100 81.5 0.6 5.4 12.8 100
WRS-03 19.7 6.0 74.1 0.3 100 74.3 1.1 13.8 11.9 100
NSRS-01 51.1 30.4 17.0 1.4 100 4.1 3.6 67.1 29.0 100
NSRS-02 52.6 30.1 15.9 1.5 100 3.5 3.6 66.3 29.1 100

Note 1: The sum of cations and anions in Meq/L should be approximately equal (within approximately 5%).

Percent of major ions (%)

TABLE 3

Station

Concentration (Mg/L )

Milliequivalents per litre (Meq/L )
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TABLE 4

Station Toxicity Test Species
Hardness 
(mg/L as 
CaC03)

pH D.O. 
(mg/L)

Cond. (µS 
/cm) Temp. (°C)

O2 

Saturation 
(%)

WRS-03 EPS 1/RM/14 Water flea: D. magna 420 7.8 10.7 3270 19.0 121
EPS 1/RM/13 Rainbow trout - 7.9 10.0 3428 14.0 100
EPS 1/RM/21 Water flea: C. dubia 420 7.7 8.9 3340 25.0 113
EPS 1/RM/22 Fathead minnow 420 7.7 8.9 3340 25.0 113
EPS 1/RM/25 Green algae - 7.8 - - 24.9 -
EPS 1/RM/37 Lesser duckweed - 7.8 - - 25.0 -

MWS-01 EPS 1/RM/14 Water flea: D. magna 160 9.0 9.8 7580 19.5 113
EPS 1/RM/13 Rainbow trout - 8.9 9.7 8010 14.0 100
EPS 1/RM/21 Water flea: C. dubia 160 8.7 7.9 7780 25.0 100
EPS 1/RM/22 Fathead minnow 160 8.7 7.9 7780 25.0 100
EPS 1/RM/25 Green algae - 8.8 - - 24.9 -
EPS 1/RM/37 Lesser duckweed - 8.8 - - 25.0 -

Water chemistry parameters measured in association with toxicity analyses from stations WRS-03 and MWS-01 at the Star 
Diamond Project, Saskatchewan.

Note 1: The specific conductivity measured in the Saskatchewan River in July 2006 was 440 µS/cm, which is similar to the mean conductivity of the 
laboratory test dilution water of 560 µS/cm.
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TABLE 5

7-day low flow (m3/s)
7-day average low flow 

(m3/s) 

2 1475 211
5 1262 180

10 1144 163 2

20 1042 149
30 988 141
50 925 132
75 878 125

100 846 121

2 This is the daily average flow representing the 7Q10 streamflow criteria. 

Combined flow from 05GG001 and 05HG001 
near the study area.Average return 

interval (years)

Frequency of annual 7-day minimum streamflow1 (1975 to 2005) for 
the Saskatchewan River near the Star Diamond Project, 

Saskatchewan. 

1 Extreme Value Type III distribution fitted by probability-weighted moments to 
the 7-day annual minimum streamflows using Aquapak software (Gordon et al. 
2004). 
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Wastewater TDS Downstream TDS at 
7Q10

Downstream TDS at 
mean streamflow

Daily TDS load at 
7Q10

(mg/L) (mg/L) (mg/L) (g/m3/day)
10000 495 347 8.1 x 104

7500 432 322 7.0 x 104

5000 369 297 6.0 x 104

4360 353 291 5.8 x 104

3000 319 277 5.2 x 104

1000 269 257 4.4 x 104

500 256 252 4.2 x 104

Hypothetical concentrations of TDS calculated with the 7Q10 streamflow criteria for the 
receiving environment - the Saskatchewan River near the Star Diamond Project, 

Saskatchewan.

Note 1: The actual TDS measured at station MWS-01 in January 2007, and predicted for the receiving 
environment is in bold print.
Note 2: Baseline TDS in the Saskatchewan River upstream and downstream of the project was measured in 
July 2006 to be 250 mg/L at stations NSRS-01 and NSRS-02.

TABLE 6
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TABLE 7

Family Scientific Name Common Name
Acipenseridae Acipenser fulvescens Lake sturgeon
Salmonidae Oncorhynchus mykiss Rainbow trout 1

Salvelinus fontinalis Brook trout
Coregonus artedii Cisco
Coregonus clupeaformis Lake whitefish

Hiodontidae Hoidon alosoides Goldeye
Hiodon tergisus Mooneye

Esocidae Esox lucius Northern pike
Cyprinidae Couesius plumbeus Lake chub

Notropis atherinoides Emerald shiner
Notropis blennius River shiner
Notropis hudsonius Spottail shiner
Pimephales promelas Fathead minnow 1

Hybopsis gracilis Flathead chub
Rhinichthys cataractae Longnose dace
Chrosomus eos Northern redbelly dace
Semotilus margarita Pearl dace

Catostomidae Carpiodes cyprinus Quillback
Catostomus catostomus Longnose sucker
Catostomus commersoni White sucker
Catostomus platyrhynchus Mountain sucker
Moxostoma anisurum Silver redhorse
Moxostoma macrolepidotum Shorthead redhorse

Gadidae Lota lota Burbot
Gasterosteidae Culaea inconstans Brook stickleback
Percopsidae Percopsis omiscomaycus Trout-perch
Percidae Perca flavescens Yellow perch

Stizostedion canadense Sauger
Sander vitreus Walleye
Etheostoma exile Iowa darter

Cottidae Cottus ricei Spoonhead sculpin
Umbridae Umbra limi Central mudminnow

1 Toxicity analyses were completed for these species.

List of fish species known to occur in the Saskatchewan River in 
Saskatchewan. 

Sources: (Reed 1962, Atton and Merkowsky 1983, Merkowsky 1988, Miles and Sawchyn 
1988, SPRR 1991, Scott and Crossman 1998, Conor Pacific and Clifton 1999, Conor Pacific 
1999, and CanNorth 2004b).

Page 1 of 1



FIGURES 
 
 



LIST OF FIGURES 
 
 

Shore Gold Inc.  –  November 2008  
Toxicity Testing and Hypothetical Water Quality Assessment   CanNorth 

LIST OF FIGURES 
 
Figure 1.  Study location. 
 
Figure 2.  The location of the MWS-01 and WRS-03 water sampling stations at the Star 

Diamond Project, Saskatchewan. 
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