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SUMMARY 

Sample Information and Test Type 

Sample ID 11A-Runoff 

Sample collection date May 14, 2019 

Sample receipt date May 15, 2019 

Sample receipt temperature 14.2°C 

Test types 

Ceriodaphnia dubia survival and reproduction 

7-d rainbow trout (Oncorhynchus mykiss) embryo viability 

7-d Lemna minor growth inhibition 

72-h Pseudokirchneriella subcapitata growth inhibition 

 

Summary of Results 

Endpoint % v/v (95% CL) 

Ceriodaphnia. dubia   

Survival LC50 >100 

Reproduction IC25 >100 

Reproduction IC50 >100 

Oncorhynchus mykiss  

Embryo viability EC25 >100 

Embryo viability EC50 >100 

Lemna minor  

Frond count IC25 83.2 (60.5 – 97) 

Frond count IC50 >97 

Dry weight IC25 >97 

Dry weight IC50 >97 

Pseudokirchneriella subcapitata  

Growth IC25 >95.2 

Growth IC50 >95.2 

LC = Lethal Concentration, IC = Inhibition Concentration, EC = Effective Concentration, CL = Confidence Limits
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1.0 INTRODUCTION 

 

Nautilus Environmental Company Inc. conducted sub-lethal toxicity tests for Nyrstar Myra Falls 

Ltd. as part of their requirements under the Metal Diamond Mining Effluent Regulations 

(MDMER) program. Sample 11A-Runoff was collected on May 14, 2019 and delivered to the 

Nautilus Environmental laboratory in Burnaby, BC on May 15, 2019. The sample was transported 

in seven 20-L plastic containers and were received at a temperature of 14.2°C. The sample was 

stored in the dark at 4  2C prior to testing. The following sub-lethal toxicity tests were 

performed: 

 

• Ceriodaphnia dubia survival and reproduction 

• 7-d rainbow trout (Oncorhynchus mykiss) embryo viability 

• 7-d Lemna minor growth inhibition 

• 72-h Pseudokirchneriella subcapitata growth inhibition  

 

Testing for C. dubia and O. mykiss were initiated on May 15, 2019. Testing for L. minor and P. 

subcapitata were initiated on May 16 and May 17, 2019, respectively This report describes the 

results of these toxicity tests. Copies of raw laboratory data sheets and statistical analyses for 

each test species are provided in Appendices A to D. The chain-of-custody form is provided in 

Appendix E. 

 

2.0 METHODS 

 

Methods for the toxicity tests are summarized in Tables 1 to 4. Testing using C. dubia, L. minor 

and P. subcapitata were conducted according to procedures described by Environment Canada 

(2007a, 2007b and 2007c). The rainbow trout embryo viability test followed procedures 

described by Environment Canada (1998) and modified by Canaria et al. (1999). Statistical 

analyses for all the tests were performed using CETIS (Tidepool Scientific Software, 2013). 
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Table 1. Summary of test conditions: Ceriodaphnia dubia survival and reproduction 

test. 

Test species Ceriodaphnia dubia 

Organism source In-house culture 

Organism age <24 hour old neonates, produced within a 12 hour window 

Test type Static-renewal 

Test duration 7 ± 1 day 

Test vessel 20-mL glass test tube 

Test volume 15 mL 

Test solution depth 10 cm 

Test concentrations Seven concentrations, plus laboratory control 

Test replicates 10 per treatment 

Number of organisms 1 per replicate 

Control/dilution water 
20% Perrier water and 80% deionized water + 5 µg/L Se and 2 

µg/L vitamin B12 

Test solution renewal Daily (100% renewal) 

Test temperature 25 ± 1°C 

Feeding Daily with Pseudokirchneriella subcapitata and TCC (3:1 ratio) 

Light intensity 100 to 600 lux at water surface 

Photoperiod 16 hours light / 8 hours dark 

Aeration None 

Test measurements 

Temperature, dissolved oxygen, pH and conductivity measured 

daily; hardness and alkalinity of undiluted sample measured at 

test initiation; survival and reproduction checked daily 

Test protocol Environment Canada (2007a), EPS 1/RM/21 

Statistical software CETIS Version 1.9.4 

Test endpoints Survival and reproduction 

Test acceptability criteria for controls 

≥80% survival; ≥15 young per surviving control producing 

three broods; ≥60% of controls producing three or more 

broods; no ephippia present 

Reference toxicant Sodium chloride (NaCl) 
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Table 2. Summary of test conditions: rainbow trout (Oncorhynchus mykiss) embryo 

viability test. 

Test species Oncorhynchus mykiss 

Organism source Hatchery 

Organism age <30 minutes post fertilization, <24 hour old gametes 

Test type Static-renewal 

Test duration 7 days 

Test vessel 2-L plastic container 

Test volume 2 L 

Test solution depth 17 cm 

Test concentrations Five concentrations, plus laboratory control 

Test replicates 4 per treatment 

Number of organisms 30 per replicate 

Control/dilution water Dechlorinated Metro Vancouver municipal tapwater 

Test solution renewal Daily (80% renewal) 

Test temperature 14 ± 1°C 

Feeding None 

Light intensity Dark 

Photoperiod 24 hours dark 

Aeration Continuous gentle aeration 

Test measurements 

Temperature, dissolved oxygen, pH and conductivity measured 

daily; hardness and alkalinity of undiluted sample measured at 

test initiation; survival checked daily 

Test protocol Environment Canada (1998), EPS 1/RM/28; Canaria et al. (1999) 

Statistical software CETIS Version 1.9.4 

Test endpoint Embryo viability 

Test acceptability criterion for controls Embryo viability ≥70% 

Reference toxicant Sodium dodecyl sulphate (SDS) 
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Table 3. Summary of test conditions: Lemna minor growth inhibition test. 

Test species Lemna minor, strain CPCC# 490 

Organism source 

In-house axenic culture, obtained from Canadian Phycological 

Culture Centre, and originally isolated from Wainfleet, Stinking 

Barn, Niagara Peninsula, Ontario, Canada 

Organism age 7- to 10-day old culture 

Test type Static 

Test duration 7 days 

Test vessel 250-mL glass container 

Test volume 100 mL 

Test solution depth 4 cm 

Test concentrations Seven concentrations, plus laboratory control 

Test replicates 4 per treatment 

Number of organisms Two 3-frond plants per replicate 

Control/dilution water 
Modified APHA media (deionized water plus 1% of each APHA 

stock solution A, B and C) 

Test solution renewal None 

Test temperature 25 ± 2°C 

Feeding None 

Light intensity 4000 to 5600 lux  

Photoperiod 24 hours light 

Aeration None 

Test measurements 

Test area temperature measured daily; temperature, pH and 

conductivity measured in all concentrations at test initiation; 

dissolved oxygen of highest concentration measured at test 

initiation; temperature and pH measured at test termination 

Test protocol Environment Canada (2007b), EPS 1/RM/37 

Statistical software CETIS Version 1.9.4 

Test endpoints Number of fronds and dry weight 

Test acceptability criterion for controls ≥ 8-fold increase in number of fronds 

Reference toxicant Potassium chloride (KCl) 
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Table 4. Summary of test conditions: Pseudokirchneriella subcapitata growth 

inhibition test.  

Test species Pseudokirchneriella subcapitata, strain CPCC# 37 

Organism source 

In-house axenic culture, obtained from Canadian Phycological 

Culture Center, and originally isolated from Nivelta River, 

Norway. 

Organism age 3-to 7-day old culture in logarithmic growth phase 

Test type Static 

Test duration 72 hours 

Test vessel Microplate 

Test volume 220 µL 

Test concentrations Seven concentrations, plus laboratory control 

Test replicates 4 per treatment; 8 for laboratory control 

Number of organisms 10,000 cells/mL 

Control/dilution water Deionized water supplemented with nutrients 

Test solution renewal None 

Test temperature 24 ± 2°C 

Feeding None 

Light intensity 3600 to 4400 lux 

Photoperiod 24 hours light 

Aeration None 

Test measurements 

Test area temperature measured daily; temperature and pH 

measured at test initiation; pH of two control wells measured 

at test termination 

Test protocol Environment Canada (2007c), EPS 1/RM/25 

Statistical software CETIS Version 1.9.4 

Test endpoint Algal cell growth inhibition 

Test acceptability criteria for controls 
>16-fold increase in number of algal cells; CV ≤ 20%; no trend 

when analyzed using Mann-Kendall test 

Reference toxicant Zinc (added as ZnSO4) 
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3.0 RESULTS 

 

Results of the toxicity tests are summarized in Tables 5 to 8.  There were no adverse effects 

observed on any of the endpoints for C. dubia (Table 5), embryo viability of O. mykiss (Table 6), 

dry weight of L. minor (Table 7) or cell yield of P. subcapitata (Table 8), resulting in LC and IC 

values greater than the highest concentration tested. Significant stimulation was observed in P. 

subcapitata cell yield between test concentrations 6% and 95.2% (v/v); percent stimulation 

ranged between 7.6% and 96.4%. 

 

Inhibitory effects were observed in L. minor frond count (Table 7), the IC25 and IC50 were 83.2% 

and >97% (v/v), respectively.  

Table 5. Results: Ceriodaphnia dubia survival and reproduction test. 

Concentration (% v/v) Survival (%) 
Reproduction 

(Mean ± SD) 

Laboratory Control 100 18.6 ± 3.1 

1.56 100 20.0 ± 2.7 

3.12 90 17.1 ± 6.9 

6.25 100 20.5 ± 1.8 

12.5 100 19.7 ± 5.6 

25 100 20.1 ± 2.1 

50 100 19.5 ± 3.3 

100 90 19.6 ± 3.4 

Test endpoint 

(% v/v) 
  

LC50 >100 -- 

IC25 -- >100 

IC50 -- >100 

SD = Standard Deviation, LC = Lethal Concentration, IC = Inhibition Concentration 
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Table 6. Results: rainbow trout (Oncorhynchus mykiss) embryo viability test. 

Concentration (% v/v) 
Embryo Viability (%) 

(Mean ± SD) 

Laboratory Control 93.3 ± 4.7 

6.25 90.8 ± 7.4 

12.5 92.5 ± 5.0 

25 90.0 ± 8.6 

50 93.3 ± 6.1 

100 86.7 ± 4.7 

Test Endpoint (% v/v)  

EC25 >100 

EC50 >100 

SD = Standard Deviation, EC = Effective Concentration 

 

Table 7. Results: Lemna minor growth inhibition test. 

SD = Standard Deviation, IC = Inhibition Concentration, CL = Confidence Limits  

  

Concentration (% v/v) 
Frond Growth (No. of Fronds) 

(Mean ± SD) 

Dry Weight (mg) 

(Mean ± SD) 

Laboratory Control 93.8 ± 16.3 7.8 ± 1.2 

1.5 100.8 ± 7.3 7.8 ± 0.8 

3.0 87.0 ± 6.5 7.0 ± 0.5 

6.1 92.2 ± 12.5 7.5 ± 0.8 

12.1 83.0 ± 13.9 6.9 ± 0.7 

24.2 88.5 ± 7.7 7.0 ± 1.1 

48.5 87.5 ± 8.7 6.6 ± 1.3 

97 56.2 ± 11.3 5.7 ± 0.8 

Test endpoint (% v/v)   

IC25 (95% CL) 83.2 (60.5 – 97) >97 

IC50 >97 >97 
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Table 8. Results: Pseudokirchneriella subcapitata growth inhibition test. 

Concentration (% v/v) 
Cell Yield (x 104 cells/mL) 

(Mean ± SD) 

Stimulation 

(%) 

Laboratory Control 34.4 ± 3.0 -- 

1.5 32.8 ± 3.1 -- 

3.0 37.0 ± 2.9 7.6 

6.0 47.8 ± 6.9* 38.9 

11.9 54.2 ± 5.5* 57.8 

23.8 60.5 ± 2.1* 76.0 

47.6 67.5 ± 5.4* 96.4 

95.2 51.8 ± 3.9* 50.6 

Test endpoint (% v/v)   

IC25 >95.2  

IC50 >95.2  

SD = Standard Deviation, IC = Inhibition Concentration 

* = Indicates cell yield that are significantly greater than the laboratory control 

4.0 QA/QC 

 

The health history of the test organisms used in the exposures were acceptable and met the 

requirements of the Environment Canada protocols. The tests met all control acceptability 

criteria and water quality parameters remained within ranges specified in the protocols 

throughout the tests. Uncertainty associated with these tests is best described by the standard 

deviation around the mean and/or the confidence intervals around the point estimates. 

 

There was a planned deviation from the 7-d rainbow trout embryo viability test methodology. 

The eggs were exposed using a blocked design (i.e., eggs from one fish was used for replicate A 

of each test concentration, eggs from the second fish for replicate B, and so on); this approach 

deviates from the Environment Canada test method, which indicates that the eggs should be 

pooled prior to testing.  However, this modification is considered appropriate because it reduces 

the risk of non-viable eggs affecting the test results, since in the event that one of the batches of 

eggs had been non-viable, it would have been possible to exclude data for that replicate. There 

were no other deviations from the test methodologies.  
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Results of the reference toxicant tests conducted during the testing program are summarized in 

Table 9.  Results for these tests fell within the range for organism performance of the mean and 

two standard deviations, based on historical results obtained by the laboratory with these tests. 

Thus, the sensitivity of the organisms used in these tests was appropriate. The reference toxicant 

tests were performed under the same conditions as those used for the samples. 

 

Table 9. Reference toxicant test results. 

Test Species Endpoint 
Historical Mean 

(2 SD Range) 

CV 

(%) 
Test Date 

C. dubia 
Survival (LC50): 2.0 g/L NaCl 2.0 (1.8 – 2.2) 5 

May 1, 2019 
Reproduction (IC50): 1.2 g/L NaCl 1.6 (1.1 – 2.3) 19 

O. mykiss Viability (EC50): 6.6 mg/L SDS 4.1 (2.0 – 8.3) 37 May 15, 2019 

L. minor No. Fronds (IC50): 3.8 g/L KCl 3.5 (2.9 – 4.2) 9 May 25, 2019 

P. subcapitata Growth (IC50): 32.9 µg/L Zn 31.0 (25.2 – 38.1) 10 May 28, 2019 

SD = Standard Deviation, CV = Coefficient of Variation, LC = Lethal Concentration, IC = Inhibition Concentration, EC = 

Effective Concentration 
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