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Table A-1 2019 AEMP Sampling Schedule 

Station 
Ice Cover Open Water 

April May August September 
22 23 24 25 26 27 28 29 30 1 4 5 6 8 9 10 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 1 2 3 4 5 

NF1 An                       Anpsb               
NF2                An         Anpsb              
NF3  An                                  Anpsb   
NF4  An                       Anpsb              
NF5  An               Anpsb                      
MF1-1                An        Anpsb               
MF1-3       An(c)                 Anpsb               
MF1-5       An                Anpsb(a)                
MF2-1    An                     Anpsb              
MF2-3   An(d)                   Anpsb                 
FF2-2                An(b)      Anpsb                 
FF2-5                An      Anpsb                 
MF3-1                An                    Anpsb   
MF3-2         An                     Anpsb(c)         
MF3-3               An               Anpsb         
MF3-4               An(b)              Anpsb          
MF3-5               An              Anpsb          
MF3-6          An                   Anpsb          
MF3-7          An                  Anpsb           
FF1-1           Mn        Mnpsb                    
FF1-2           Mn          Mnpsb                  
FF1-3           Mn         Mnpsb                   
FF1-4           Mn(a)            Mnspb                
FF1-5           Mn          Mnspb                  
FFB-1             Mn               Mnpsb           
FFB-2             Mn              Mnpsb(a)            
FFB-3             Mn               Mnpsb           
FFB-4            Mn(c)               Mnpsb            
FFB-5            Mn               Mnpsb            
FFA-1              Mn                       Mnpsb  
FFA-2              Mn                        Mnpsb 
FFA-3              Mn                       Mnpsb  
FFA-4              Mn                       Mnpsb  
FFA-5              Mn                       Mnpsb  
LDS-1     Mn                              Mnp    
LDS-2     Mn                              Mnp    
LDS-3                Mn                   Mnp    
LDS-4                                      Mn 
LDG-48              Mn                   Mn      

A = water quality surface, middle depth and bottom depth samples collected; M = mid-depth sample collected; n = nutrient sample collected; p = plankton sample collected; s = sediment sample collected; b = benthic invertebrate sample collected; QA/QC = quality assurance/quality control. 
a) Field Blanks only collected for total ammonia samples. 
b) Trip Blanks only collected for total ammonia samples. 
c) Equipment Blanks only collected for total ammonia samples.  
d) Duplicates only collected for total ammonia samples.  
Note: QA/QC samples are colour coded: Grab Water (GW), Equipment Blank (EBW), Field Blank (FBW), Trip Blank (TBW), and Duplicate 1/Duplicate 2 (DUP1/DUP2). 
NF = near-field; MF = mid-field; FF = far-field; LDG = Lac de Gras; LDS = Lac du Sauvage.  
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QUALITY ASSURANCE AND QUALITY CONTROL METHODS AND 
RESULTS 

Introduction 
Quality assurance and quality control (QA/QC) practices determine data integrity and are relevant to all 
aspects of a study, from sample collection to data analysis and reporting. Quality assurance encompasses 
management and technical practices designed to generate consistent, high quality data. Quality control is 
an aspect of quality assurance and includes the techniques used to assess data quality and the corrective 
actions to be taken when the data quality objectives are not met. Details of the QA/QC practices applied 
during the Aquatic Effects Monitoring Program (AEMP) are described in the Quality Assurance Project Plan 
(QAPP) Version 3.1 (Golder 2017a). This appendix describes QA/QC practices applied during the 2019 
AEMP, evaluates quality control data, and describes the implications of QC results to the interpretation of 
study results.  

Quality Assurance 

Field Staff Training and Operations 
Diavik Diamond Mines (2012) Inc. (DDMI) field staff are trained to be proficient in standardized field 
sampling procedures, data recording, and equipment operations applicable to water quality sampling. Field 
work was completed according to specified instructions and standard operating procedures (SOP) as 
follows: 

• ENVI-923-0119 AEMP SOP Combined Open Water and Ice Cover 

• ENVI-915-0119 SOP SNP Sampling 

• ENVI-902-0119 SOP Quality Assurance Quality Control 

• ENVI-900-0119 SOP Chain of Custody 

• ENVI-903-0119 SOP Dissolved Oxygen Analysis 

• ENVI-904-0119 SOP pH Analysis 

• ENVI-906-0119 SOP Turbidity Analysis  

• ENVI-904-0119 SOP Total Suspended Solids 

• ENVI-918-0119 SOP Field Meter 

• ENVI-684-0317 SOP YSI ProDSS 

These SOPs include guidelines for field record-keeping and sample tracking, guidance for use and 
calibration of sampling equipment, relevant technical procedures, and sample labelling, shipping and 
tracking protocols. 
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Laboratory Analyses 
Samples were sent for analysis to Bureau Veritas Laboratories (BV Labs; formerly Maxxam Analytics), a 
laboratory accredited by the Canadian Association of Laboratory Accreditation (CALA). Duplicate samples 
for ammonia analysis were also sent to ALS Laboratories (ALS), another CALA accredited lab. Under the 
accreditation program, performance assessments are completed annually for laboratory procedures, 
analytical methods, and internal quality control. 

In previous years, samples have been analyzed by BV Labs at the Burnaby, British Columbia (BC) location. 
However, during the ice-cover season, samples from 23 stations were analyzed at BV Labs in Burnaby and 
samples from the remaining 15 stations were analyzed by BV Labs at the Calgary, Alberta (AB) location, 
due to equipment issues at the Burnaby laboratory. All of the 2019 open-water samples were analyzed in 
Calgary. A lab comparison study was undertaken by BV Labs in 2019 as a result of multiple locations 
completing the analyses. The study is included in Annex A. Based on a review of the 2019 data, there was 
no indication that this change resulted in data quality issues for ammonia. The Calgary laboratory uses the 
same methods as the Burnaby laboratory, and has recently constructed a new clean lab. In addition, moving 
the analyses to the Calgary location had many benefits, including reducing risks of contamination due to 
subsampling and splitting of samples, improved/shorter shipping routes, which also resulted in shorter turn-
around times, and reduced risk of missing hold times.  

Quality assurance completed by the DDMI Environmental Sampling team encompasses all quality-related 
activities related to aquatic testing and analysis, and relevant technical support. 

DDMI's quality assurance places an emphasis on four aspects: 

• infrastructure (instruments, testing capabilities, calibrations, SOPs) 

• control measures (internal/external) 

• personnel (competence, ethics and integrity) 

• data management 

Field and Office Operations 
A quality assurance system was established as an organized system of data control, analysis and filing. 
Relevant elements of this system are as follows: 

• pre-field meetings to discuss specific work instructions with field crews 

• field crew check-in with task managers every 24 to 48 hours to report work completed during that period 

• designating two crew members responsible for: 

− collecting all required samples 

− downloading and storing electronic data 

− completing chain-of-custody and analytical request forms; labelling and documentation 

− processing, where required, and delivering samples to analytical laboratory in a timely manner 
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• cross-checking chain-of-custody forms and analysis request forms by the task manager to verify that the 
correct analysis packages had been requested 

• review of field sheets by the task manager for completeness and accuracy 

• reviewing laboratory data immediately after receipt from the analytical laboratory 

• creating backup files before data analysis 

• completing appropriate logic checks and verifying accuracy of calculations 

Quality Control 
Quality control is a specific aspect of quality assurance and includes the techniques used to assess data 
quality and the remedial measures to be taken when the data quality objectives are not met. The field QC 
program included collection of field blanks, trip blanks, equipment blanks, and duplicate samples to assess 
potential sample contamination, and within-station variation (i.e., sampling precision). Quality control 
samples were submitted to BV Labs for analysis of the full list of variables, and to ALS for analysis of 
ammonia. 

Field blanks consisted of samples prepared in the field using laboratory-provided de-ionized water to fill a 
set of sample bottles, which were then submitted to the appropriate laboratory for the same analyses as 
the original water samples. Trip blanks consisted of sample bottles filled with high-grade de-ionized water 
from the laboratory. They accompanied the other samples through sample collection, handling, shipping 
and analysis, but remained sealed. Equipment blanks consisted of de-ionized water exposed to all aspects 
of sample collection and analysis, using the same procedures used in the field, including contact with all 
sampling devices (i.e., beta bottle) and other equipment (i.e., filters, tubing). Equipment blanks provide 
information regarding potential cross-contamination between samples and contamination introduced by 
field equipment. 

The field, trip and equipment blanks were used to detect potential sample contamination during collection, 
shipping and analysis. Although concentrations of all variables should be below their respective detection 
limit (DL) in these blanks, their concentrations were considered notable if they were greater than five times 
the corresponding DL. This threshold is based on the Practical Quantitation Limit defined by the United 
States Environmental Protection Agency (US EPA 1994, 2007; BC MOE 2009), which takes into account 
the potential for data accuracy errors when variable concentrations approach or are below DLs.  

Notable results observed in the blanks were evaluated relative to concentrations observed in the lake-water 
samples to determine whether sample contamination was limited to the QC sample. If, based on this 
comparison, sample contamination was not isolated to the QC sample, the field data were flagged and 
further interpretation of results was made with this limitation in mind. 

Duplicate samples consisted of two samples collected from the same location at the same time, using the 
same sampling and sample handling procedures. They were labelled and preserved individually and 
submitted separately to the analytical laboratory for identical analyses. Duplicate samples are used to check 
within-station variation and the precision of field sampling and analytical methods. Differences between 
concentrations measured in duplicate water samples were calculated as the relative percent difference 
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(RPD) for each variable. Before calculating the RPD, concentrations below the DL were replaced with 0.5 
times the DL value. The RPD was calculated using the following formula: 

RPD = (|difference in concentration between duplicate samples| / mean concentration) x 100 

The RPD value for a given variable was considered notable if: 

• it was greater than 40%; and 

• concentrations in one or both samples were greater than or equal to five times the DL. 

These criteria are similar to those used by BV Labs for internal QC of laboratory duplicate samples, and 
take into account the potential for data accuracy error as variable concentrations approach DLs. 

The number of variables which exceeded the assessment criteria was compared to the total number of 
variables analyzed to evaluate analytical precision. The analytical precision was rated as follows: 

• high, if less than 10% of the total number of variables were notably different from one another; 

• moderate, if 10% to 30% of the total number of variables were notably different from one another; and 

• low, if more than 30% of the total number of variables were notably different from one another. 

Quality Control Results 
Detection Limits 
Water quality samples were submitted to BV Labs, an accredited analytical laboratory, for analyses of 
variables (e.g., major ions, nutrients, metals) in water samples. BV Labs has a dedicated inductively 
coupled plasma-mass spectrometer (ICP-MS) specifically for ultra-low trace metal analysis. The ultra-low 
analytical DLs can only be obtained on water samples with very low particulate matter (i.e., turbidity less 
than 0.5 nephelometric turbidity unit [NTU]). 

BV Labs used analyte-specific DLs to report results for water quality variables analyzed in 2019. The DLs 
used by BV Labs in 2019 are listed in Tables B-1 and B-2 (see also Section 2.2, Table 2-2 of the 2019 
Effluent and Water Chemistry Report [Appendix II]). Deviations from the target DLs and a discussion of 
potential effects on data quality are as follows:  

• The DL for total organic carbon (0.2 mg/L) was raised to 0.5 mg/L in 13 samples from the ice-cover 
season due to an incorrect lab test code being assigned during sample log-in at the Calgary laboratory. 
The error was corrected for the open-water season. Use of the elevated DL does not affect data quality, 
because concentrations in all 13 samples were greater than the DL. 

• The DL for total dissolved solids, measured (1.0 mg/L) was raised in 16 samples (12 to 1.1 mg/L, three 
to 1.2 mg/L, and one to 1.3 mg/L) due to insufficient sample volume. Use of the elevated DLs does not 
affect data quality, because concentrations in all 16 samples were greater than the DL. 

• Similar to previous years, sulphate was analyzed at a DL of 0.5 mg/L (versus a requested DL of 
0.05 mg/L) due to limitations of the current analytical method. BV Labs is currently investigating ways to 
provide the requested DL. In 2019, samples that were less than the DL for the ICP-MS method (i.e., DL 
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of 0.5 mg/L) were reanalyzed using inductively coupled plasma atomic emission spectroscopy (ICP-
OES) with a DL of 0.05 mg/L. Only QC blanks results were less than the DL. As a result, use of the 
elevated DL does not affect data quality. 

• The DLs for nitrate + nitrite were elevated above the requested values (i.e., 2 µg-N/L requested and 
2.2 µg-N/L reported) in 122 samples (i.e., 37 in ice-cover and 85 in open-water) due to an issue with the 
calculation used for the DL. BV Labs is currently investigating ways to adjust this calculation. Use of the 
elevated DL is not expected to affect data quality because the majority of the samples were greater than 
the DL and the elevated DL is close to the requested DL. 

• The DL for total Kjeldahl nitrogen and total nitrogen (i.e., 20 µg-N/L) was raised to 200 µg-N/L in one 
sample (MF2-1T) due to insufficient sample volume and sample matrix interference, respectively. 

• The DLs for total dissolved nitrogen were elevated above the requested values (i.e., 20 µg-N/L requested 
and 55 µg-N/L reported) in 31 samples from the ice-cover season due to an incorrect lab test code being 
assigned during sample log-in at the Calgary laboratory. The error was corrected for the open-water 
samples. Use of the elevated DL is not expected to affect data quality, because concentrations in the 
majority of the samples were greater than the DL with the exception of two QC samples.  

• The DLs for total and dissolved sulphur were elevated above the requested values (i.e., 0.1 mg/L 
requested and 0.5 mg/L reported) due to limitations of the current analytical method. BV Labs is currently 
investigating ways to provide the requested DL. In 2019, samples that were less than the DL for the ICP-
MS method (i.e., DL of 0.5 mg/L) were analyzed using inductively coupled plasma atomic emission 
spectroscopy (ICP-OES) with a DL of 0.1 mg/L. Only QC blanks and LDS stations were less than the 
DL. As a result, use of the elevated DL does not affect data quality.  

Blank Samples 
Of the 93 variables analyzed during the ice-cover season, six variables (i.e., dissolved calcium, nitrate, 
nitrate + nitrite,  total dissolved nitrogen, total zinc, and dissolved copper) were measured in QC blank 
samples at a concentration above the data quality objective (DQO) of less than five times the DL  
(Table B-1). Details of the ice-cover blank sample DQO exceedances are as follows:  

• Dissolved calcium, nitrate, and nitrate + nitrite exceeded the DQO in the field blank sample collected at 
MF3-1B.  

• Total dissolved nitrogen exceeded the DQO in the equipment blank prepared at NF2B. Further details 
on QC issues relating to nitrogen variables are provided in the QA/QC Attachment of the Eutrophication 
Indicators Report (Appendix XIII). 

• Total zinc and dissolved copper exceeded the DQO in the equipment blank at MF3-3B.  

Exceedances of the DQO occurred in 1.3% of the ice-cover blank sample results and, therefore, the blank 
results indicated acceptable data quality. Overall, concentrations of dissolved calcium reported in the blank 
samples were well below those measured in the lake-water samples, whereas concentrations of nitrate, 
nitrate + nitrite,  total dissolved nitrogen, total zinc, and dissolved copper were similar to those measured in 
the lake-water samples. Nitrogen variables are evaluated in the QA/QC Attachment of the Eutrophication 
Indicators Report (Appendix XIII). The potential contamination identified for copper and zinc was relatively 



   
  Doc No. RPT-1915 Ver. 0 
April 2020 B-6 19115664/8000 

 

Golder Associates 

minor and  did not interfere with the determination of Action Levels, as concentrations in the NF area were 
below reference conditions for Lac de Gras despite potential contamination identified in blank samples. 

During the open-water season, the concentrations of two (i.e., soluble reactive phosphorus and total 
aluminum) of the 93 variables measured in QC blanks was greater than five times the DL (Table B-1). 
Details of the open-water blank sample DQO exceedances are as follows:  

• Soluble reactive phosphorus exceeded the DQO in the travel blank assigned to FFA-3M.  

• Total aluminum exceeded the DQO in one field blank collected at MF3-7B.  

Exceedances of the DQO occurred in 0.4% of the open-water blank sample results and, therefore, the blank 
results indicated acceptable data quality. The concentration of soluble reactive phosphorus reported in the 
blank sample was above the majority of concentrations measured in the lake-water samples, whereas total 
aluminum was below the majority of concentrations measured in the lake-water samples. Phosphorus 
variables are evaluated in the QA/QC Attachment of the Eutrophication Indicators Report (Appendix XIII). 
An Action Level was triggered for total aluminum similar to previous years. The potential contamination 
identified for aluminum was relatively minor and did not interfere with the determination of Action Levels. 

As the DQO exceedances for these parameters were infrequent, it is unlikely that the contamination found 
in blank samples affected the reliability of the data used in the AEMP Effluent and Water Chemistry Report. 

Field Duplicate Samples 
A total of 9 out of 93 water quality variables analyzed in 2019 exceeded the DQO of both the 40% RPD and 
five times DL criteria for field duplicate samples at least once (Table B-2). These variables included 
ammonia, total dissolved nitrogen, soluble reactive phosphorus, total aluminum, total zinc, dissolved 
aluminum, dissolved beryllium, dissolved copper, and dissolved zinc. In total, 2.5% of field duplicate data 
assessed in the duplicate comparison exceeded the DQO, which indicates a high level of analytical 
precision for the 2019 samples. These results were considered notable, because the differences in 
concentrations between duplicate samples for these analytes (i.e., RPD of 40% to 172%) were appreciably 
greater than the QC objectives used by BV Labs to identify unacceptable differences between laboratory 
duplicate samples (i.e., RPD of 20% to 25%). Laboratory duplicates consist of two independently analyzed 
portions of the same sample and would, therefore, be expected to have lower variability among paired 
duplicate samples than field duplicates, which consist of two separate grab samples. 

Overall, duplicate sample results indicated that data were of acceptable quality. Generally, concentrations 
in duplicate samples with DQO exceedances were within the range of values reported at other nearby 
AEMP stations, indicating that the QC issues identified with these variables did not likely interfere with the 
evaluation of Mine-related effects. 
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Table B-1 Blank Sample Results, 2019 

 Parameter Unit DL 

Ice-Cover Open-Water 
NF2B-1 MF1-1T-3 MF3-1B-2 MF3-3B-1 FF1-3M-2 NF1T-2 MF1-5T-2 MF2-3B-1 MF3-1M-3 MF3-2B-1 MF3-7B-2 FFB-2M-2 FFA-3M-3 

10-May-19 10-May-19 10-May-19 9-May-19 4-May-19 22-Aug-19 21-Aug-19 20-Aug-19 3-Sep-19 28-Aug-19 26-Aug-19 25-Aug-19 4-Sep-19 

Equipment 
Blank Travel Blank Field Blank Equipment 

Blank Field Blank Field Blank Field Blank Equipment 
Blank Travel Blank Equipment 

Blank Field Blank Field Blank Travel Blank 

Conventional Parameters                
Total alkalinity as CaCO3 mg/L 0.5 <0.5 <0.5 <0.5 <0.5 0.54 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
Specific conductivity μS/cm 1 <1 <1 <1 <1 1.1 <1 - <1 <1 - <1 - <1 
Total hardness as CaCO3 mg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
pH - lab - - 4.59 4.67 4.95 4.62 5.63 4.52 - 4.48 4.53 - 4.43 - 4.43 
Total dissolved solids, calculated mg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.6 - <0.5 <0.5 - <0.5 - <0.5 
Total dissolved solids, measured mg/L 1 2.4 1.2 4.4 1.6 4.3 <1 - <1 <1 - <1 - <1 
Total suspended solids mg/L 1 <1 <1 1.1 <1 <1 <1 - <1 <1 - <1 - <1 
Total organic carbon mg/L 0.2 0.21 <0.2 <0.2 <0.2 <0.2 0.23 - 0.28 <0.2 - 0.27 - 0.3 
Turbidity - lab NTU 0.1 <0.1 <0.1 <0.1 <0.1 0.11 0.14 - <0.1 <0.1 - <0.1 - <0.1 
Major Ions                
Bicarbonate mg/L 0.5 <0.5 <0.5 <0.5 <0.5 0.66 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
Calcium (dissolved) mg/L 0.01 0.011 <0.01 0.055 <0.01 <0.01 0.012 - <0.01 <0.01 - <0.01 - <0.01 
Carbonate mg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
Chloride mg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.55 - <0.5 <0.5 - <0.5 - <0.5 
Fluoride mg/L 0.01 <0.01 <0.01 0.01 <0.01 <0.01 0.011 - <0.01 <0.01 - <0.01 - <0.01 
Hydroxide mg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
Magnesium (dissolved) mg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Potassium (dissolved) mg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 - <0.01 
Sodium (dissolved) mg/L 0.01 <0.01 <0.01 0.012 0.013 <0.01 <0.01 - 0.023 <0.01 - <0.01 - <0.01 
Sulphate mg/L 0.5 <0.05 <0.05 <0.05 0.18 <0.05 <0.05 - 0.077 <0.05 - <0.05 - <0.05 
Nutrients                
Ammonia(a) μg-N/L 5 <5 5.2 11.1 <5 <5 <5 (b) <5 <5 (b) <5 (b) <5 
Nitrate μg-N/L 2 <2 <2 18 3.7 <2 <2 - <2 <2 - <2 - <2 
Nitrite μg-N/L 1 <1 <1 <1 <1 <1 <1 - <1 <1 - <1 - <1 
Nitrate + nitrite μg-N/L 2 <2.2 <2.2 18 3.7 <2 <2 - <2 <2 - <2 - <2 
Total Kjeldahl nitrogen μg-N/L 20 <20 24 23 <20 58 57 - 62 54 - 53 - 46 
Total dissolved nitrogen μg-N/L 20 130 <55 37 <55 28 <20 - <20 <20 - <20 - <20 
Total nitrogen μg-N/L 20 <20 36 23 <20 58 57 - 53 54 - 53 - 46 
Soluble reactive phosphorus μg-P/L 1 <1 <1 <1 <1 <1 2.3 - <1 1.6 - <1 - 7.3 
Total dissolved phosphorus  μg-P/L 2 <2 <2 <2 <2 <2 <2 - 2.2 <2 - <2 - <2 
Total phosphorus μg-P/L 2 <2 <2 <2 <2 <2 <2 - <2 <2 - <2 - <2 
Total Metals                
Aluminum μg/L 0.2 0.43 0.52 0.64 0.95 0.57 <0.2 - <0.2 <0.2 - 1.75 - <0.2 
Antimony μg/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 - <0.02 <0.02 - <0.02 - <0.02 
Arsenic μg/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 - <0.02 <0.02 - <0.02 - <0.02 
Barium μg/L 0.02 0.055 <0.02 <0.02 <0.02 <0.02 <0.02 - <0.02 <0.02 - <0.02 - <0.02 
Beryllium μg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 - <0.01 
Bismuth μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Boron μg/L 5 <5 <5 <5 <5 <5 <5 - <5 <5 - <5 - <5 
Cadmium μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Calcium mg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 - <0.01 
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Table B-1 Blank Sample Results, 2019 (continued) 

 Parameter Unit DL 

Ice-Cover Open-Water 
NF2B-1 MF1-1T-3 MF3-1B-2 MF3-3B-1 FF1-3M-2 NF1T-2 MF1-5T-2 MF2-3B-1 MF3-1M-3 MF3-2B-1 MF3-7B-2 FFB-2M-2 FFA-3M-3 

10-May-19 10-May-19 10-May-19 9-May-19 4-May-19 22-Aug-19 21-Aug-19 20-Aug-19 3-Sep-19 28-Aug-19 26-Aug-19 25-Aug-19 4-Sep-19 

Equipment 
Blank Travel Blank Field Blank Equipment 

Blank Field Blank Field Blank Field Blank Equipment 
Blank Travel Blank Equipment 

Blank Field Blank Field Blank Travel Blank 

Chromium μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Cobalt μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Copper μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Iron μg/L 1 <1 <1 <1 <1 <1 <1 - <1 <1 - <1 - <1 
Lead μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - 0.006 
Lithium μg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
Magnesium mg/L 0.005 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Manganese μg/L 0.05 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Mercury μg/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 - <0.002 <0.002 - <0.002 - <0.002 
Molybdenum μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Nickel μg/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 - <0.02 <0.02 - <0.02 - <0.02 
Potassium mg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 - <0.01 
Selenium μg/L 0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 - <0.04 <0.04 - <0.04 - <0.04 
Silicon μg/L 50 51 <50 <50 63 <50 <50 - <50 <50 - <50 - <50 
Silver μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Sodium mg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 0.017 - <0.01 - 0.02 
Strontium μg/L 0.05 0.104 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Sulphur mg/L 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.1 <0.1 - <0.1 - <0.1 
Thallium μg/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 - <0.002 <0.002 - <0.002 - <0.002 
Tin μg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 - <0.01 
Titanium μg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
Uranium μg/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 - <0.002 <0.002 - <0.002 - <0.002 
Vanadium μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Zinc μg/L 0.1 0.1 <0.1 <0.1 0.53 <0.1 <0.1 - <0.1 <0.1 - 0.41 - <0.1 
Zirconium μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Dissolved Metals                
Aluminum μg/L 0.2 <0.2 <0.2 0.29 <0.2 <0.2 0.62 - <0.2 <0.2 - <0.2 - 0.23 
Antimony μg/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 - <0.02 <0.02 - <0.02 - <0.02 
Arsenic μg/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 - <0.02 <0.02 - <0.02 - <0.02 
Barium μg/L 0.02 <0.02 <0.02 0.057 <0.02 <0.02 <0.02 - 0.033 <0.02 - <0.02 - <0.02 
Beryllium μg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 - <0.01 
Bismuth μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Boron μg/L 5 <5 <5 <5 <5 <5 <5 - <5 <5 - <5 - <5 
Cadmium μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Chromium μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Cobalt μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Copper μg/L 0.05 <0.05 <0.05 <0.05 0.327 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Iron μg/L 1 <1 <1 <1 <1 <1 <1 - <1 <1 - <1 - <1 
Lead μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - 0.0052 - <0.005 
Lithium μg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
Manganese μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Mercury μg/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 - <0.002 <0.002 - <0.002 - <0.002 
Molybdenum μg/L 0.05 0.056 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
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Table B-1 Blank Sample Results, 2019 (continued) 

 Parameter Unit DL 

Ice-Cover Open-Water 
NF2B-1 MF1-1T-3 MF3-1B-2 MF3-3B-1 FF1-3M-2 NF1T-2 MF1-5T-2 MF2-3B-1 MF3-1M-3 MF3-2B-1 MF3-7B-2 FFB-2M-2 FFA-3M-3 

10-May-19 10-May-19 10-May-19 9-May-19 4-May-19 22-Aug-19 21-Aug-19 20-Aug-19 3-Sep-19 28-Aug-19 26-Aug-19 25-Aug-19 4-Sep-19 

Equipment 
Blank Travel Blank Field Blank Equipment 

Blank Field Blank Field Blank Field Blank Equipment 
Blank Travel Blank Equipment 

Blank Field Blank Field Blank Travel Blank 

Nickel μg/L 0.02 <0.02 <0.02 <0.02 <0.02 <0.02 0.031 - <0.02 <0.02 - <0.02 - <0.02 
Selenium μg/L 0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 - <0.04 <0.04 - <0.04 - <0.04 
Silicon μg/L 50 54 53 <50 50 <50 <50 - <50 <50 - <50 - <50 
Silver μg/L 0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 - <0.005 
Strontium μg/L 0.05 <0.05 <0.05 0.057 <0.05 <0.05 <0.05 - 0.062 <0.05 - <0.05 - <0.05 
Sulphur mg/L 0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 - <0.1 <0.1 - <0.1 - <0.1 
Thallium μg/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 - <0.002 <0.002 - <0.002 - <0.002 
Tin μg/L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 - <0.01 
Titanium μg/L 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 - <0.5 
Uranium μg/L 0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 - <0.002 <0.002 - <0.002 - <0.002 
Vanadium μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 
Zinc μg/L 0.1 <0.1 <0.1 0.13 <0.1 <0.1 <0.1 - <0.1 <0.1 - 0.11 - <0.1 
Zirconium μg/L 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 - <0.05 

a) Based on the results of the ammonia investigation, the ALS ammonia dataset was used in the ice-cover season and the BV ammonia dataset was used in the open-water season (see the “Ammonia Investigation” section below). 
b) Results were removed due to laboratory quality control issues identified in 2019 (see the “Ammonia Investigation” section below). 
Note: Bold values represent an exceedance of the data quality objective for blank samples (concentration greater than 5 times the DL). 
NTU = nephelometric turbidity units; µg-N/L = micrograms nitrogen per litre;  µg-P/L = micrograms phosphorus per litre; µS/cm = microsiemens per centimetre; DL = detection limit; CaCO3 = calcium carbonate; NF = near-field; MF = mid-field; FF = far-field.  
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Table B-2 Duplicate Sample Results, 2019 

Parameter Unit MDL 
NF3B 

RPD 
MF3-5T 

RPD 
FFA-5M 

RPD 
NF5M 

RPD 
MF1-1B-4 

RPD 
FF1-1M-4 

RPD Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate 
23-Apr-19 23-Apr-19 9-May-19 9-May-19 8-May-19 8-May-19 15-Aug-19 15-Aug-19 22-Aug-19 22-Aug-19 17-Aug-19 17-Aug-19 

Conventional Parameters                                     

Total Alkalinity mg/L 0.5 6.99 6.57 6.2% 5.5 7.52 31.0% 4.21 4.24 0.7% 5.23 4.6 12.8% 5.52 5.17 6.5% 5.32 5.01 6.0% 
Specific Conductivity - lab μS/cm 1 57 57 0.0% 36.5 36.1 1.1% 27.9 28.1 0.7% 36.4 35.7 1.9% 35.1 35.1 0.0% 26.3 26.3 0.0% 
Total Hardness as CaCO3 mg/L 0.5 13.9 13.5 2.9% 10.3 10.2 1.0% 7.82 7.78 0.5% 9.44 9.38 0.6% 9.36 9.26 1.1% 7.5 7.45 0.7% 
pH - - 6.71 6.73 4.6% 6.69 6.86 38.7% 6.5 6.57 16.1% 6.76 6.86 22.9% 5.89 5.82 16.1% 5.79 5.68 25.2% 
Total Dissolved Solids, Calculated mg/L 0.5 27 27 0.0% 18 19 5.4% 14 14 0.0% 17.3 17.2 0.6% 17.9 17.1 4.6% 13.4 13.1 2.3% 
Total Dissolved Solids, Measured mg/L 1 49.2 53.5 8.4% 21.2 25.2 17.2% 20.8 17.2 18.9% 23.6 24 1.7% 24.8 25.6 3.2% 17.2 16.8 2.4% 
Total Suspended Solids mg/L 1 1 <1 - <1 <1 - <1 <1 - 1.1 2.7 - <1 <1 - 1.1 1.1 - 
Total Organic Carbon mg/L 0.2 2 1.9 5.1% 2.8 2.8 0.0% 1.5 1.7 12.5% 2.3 2.3 0.0% 2.3 2.5 8.3% 2.2 2.1 4.7% 
Turbidity NTU 0.1 0.22 0.15 - <0.1 <0.1 - <0.1 <0.1 - 0.2 0.5 - 0.22 0.17 - 0.4 0.35 - 
Major Ions                     

Bicarbonate mg/L 0.5 8.53 8.02 6.2% 6.71 9.17 31.0% 5.14 5.17 0.6% 6.38 5.61 12.8% 6.73 6.3 6.6% 6.49 6.11 6.0% 
Calcium mg/L 0.01 3.05 3.01 1.3% 1.94 1.95 0.5% 1.57 1.62 3.1% 2.1 2.52 18.2% 2.27 2.03 11.2% 1.62 1.58 2.5% 
Carbonate mg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - 
Chloride mg/L 0.5 7.4 7.49 1.2% 3.1 3.1 0.0% 2.6 2.6 0.0% 3.6 3.4 5.7% 3.5 3.5 0.0% 2 1.9 - 
Fluoride mg/L 0.01 0.036 0.034 - 0.036 0.036 - 0.03 0.03 - 0.034 0.03 - 0.031 0.032 - 0.032 0.028 - 
Hydroxide mg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - 
Magnesium mg/L 0.005 1.4 1.38 1.4% 1.21 1.23 1.6% 0.977 0.994 1.7% 1.04 1.09 4.7% 1.08 1.05 2.8% 0.895 0.919 2.6% 
Potassium mg/L 0.01 1.16 1.15 0.9% 1.1 1.11 0.9% 0.869 0.888 2.2% 0.974 1.03 5.6% 0.997 0.984 1.3% 0.782 0.791 1.1% 
Sodium mg/L 0.01 4.25 4.25 0.0% 2.07 2.09 1.0% 1.67 1.68 0.6% 2.2 2.14 2.8% 2.38 2.35 1.3% 1.44 1.44 0.0% 
Sulphate mg/L 0.05 4.89 5.52 12.1% 5.1 5 2.0% 3.8 3.8 0.0% 4.1 4.1 0.0% 4.2 4 4.9% 3.4 3.4 0.0% 
Nutrients                     

Ammonia(a) μg-N/L 5 47.3 32.3 37.7% 18.7 17.7 - 25.8 16 46.9% 16 12 - 8.4 11 - 22 7 - 
Nitrate μg-N/L 2 133 136 2.2% <2 <2 - 5.3 6 - 17 13 26.7% 12 12 0.0% <2 <2 - 
Nitrite μg-N/L 1 <1 <1 - <1 <1 - 1.4 1.1 - 1.5 1.4 - <1 <1 - <1 <1 - 
Nitrate + nitrite μg-N/L 2 133 136 2.2% <2.2 <2.2 - 6.8 7.1 - 18 14 25.0% 12 12 0.0% <2 <2 - 
Total Kjeldahl Nitrogen μg-N/L 20 174 200 13.9% 200 200 0.0% 150 150 0.0% 250 260 3.9% 220 210 4.7% 170 200 16.2% 
Total Dissolved Nitrogen μg-N/L 20 280 288 2.8% 190 200 5.1% 130 280 73.2% 180 200 10.5% 300 200 40.0% 150 160 6.5% 
Total Nitrogen μg-N/L 20 309 339 9.3% 240 220 8.7% 190 170 11.1% 270 270 0.0% 230 220 4.4% 170 200 16.2% 
Soluble Reactive Phosphorus μg-P/L 1 1.2 2.1 - <1 <1 - <1 <1 - 1.3 <1 - 1.8 2 - 2.4 5.6 80.0% 
Total Dissolved Phosphorous μg-P/L 2 <2 <2 - <2 <2 - <2 <2 - <2 <2 - <2 <2 - <2 <2 - 
Total Phosphorous μg-P/L 2 2.4 2.1 - <2 <2 - <2 <2 - 2.2 <2 - <2 <2 - <2 <2 - 
Total Metals                     

Aluminum μg/L 0.2 8.63 8.09 6.5% 1.91 1.85 3.2% 1.76 1.81 2.8% 2.55 4.08 46.2% 1.45 1.22 17.2% 1.4 2.39 52.2% 
Antimony μg/L 0.02 <0.02 <0.02 - <0.02 <0.02 - <0.02 <0.02 - <0.02 <0.02 - <0.02 <0.02 - <0.02 <0.02 - 

Arsenic μg/L 0.02 0.307 0.3 2.3% 0.17 0.177 4.0% 0.05 0.052 - 0.22 0.196 11.5% 0.277 0.266 4.1% 0.214 0.195 9.3% 

Barium μg/L 0.02 5.01 4.99 0.4% 2.76 2.75 0.4% 2.13 2.14 0.5% 2.89 2.4 18.5% 2.37 2.32 2.1% 1.86 1.78 4.4% 
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Table B-2 Duplicate Sample Results, 2019 (continued) 

Parameter Unit MDL 
NF3B 

RPD 
MF3-5T 

RPD 
FFA-5M 

RPD 
NF5M 

RPD 
MF1-1B-4 

RPD 
FF1-1M-4 

RPD Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate 
23-Apr-19 23-Apr-19 9-May-19 9-May-19 8-May-19 8-May-19 15-Aug-19 15-Aug-19 22-Aug-19 22-Aug-19 17-Aug-19 17-Aug-19 

Beryllium μg/L 0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 <0.01 - <0.01 <0.01 - <0.01 <0.01 - <0.01 <0.01 - 

Bismuth μg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - 

Boron μg/L 5 <5 <5 - <5 <5 - <5 <5 - 15.3 <5 - <5 <5 - <5 <5 - 

Cadmium μg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - 

Calcium µg/L 10 3130 3090 1.3% 2010 2020 0.5% 1510 1540 2.0% 2060 2040 1.0% 2020 2020 0.0% 1550 1560 0.6% 

Chromium μg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - 0.078 0.065 - <0.05 <0.05 - <0.05 <0.05 - 

Cobalt μg/L 0.005 0.014 0.014 - 0.012 0.012 - 0.013 0.012 - 0.0115 0.0123 - 0.0158 0.0116 - 0.0084 0.0084 - 

Copper μg/L 0.05 0.55 0.533 3.1% 0.645 0.642 0.5% 0.522 0.515 1.4% 0.5 0.564 12.0% 0.548 0.554 1.1% 0.515 0.573 10.7% 

Iron μg/L 1 2.2 1.9 - <1 <1 - <1 <1 - 2.6 2.4 - 2.6 3.5 - 2.5 2.3 - 

Lead μg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - 

Lithium μg/L 0.5 2.36 2.34 - 2.47 2.43 - 1.57 1.51 - 2.19 1.09 - <0.5 <0.5 - 0.72 <0.5 - 

Magnesium µg/L 5 3940 3620 8.5% 505 511 1.2% 678 684 0.9% 2360 2380 0.8% 2360 2600 9.7% 2420 2670 9.8% 

Manganese μg/L 0.05 1.47 1.39 5.6% 1.28 1.26 1.6% 0.982 0.959 2.4% 1.04 1.04 0.0% 1.05 1.03 1.9% 0.882 0.866 1.8% 

Mercury μg/L 0.002 <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - 0.0036 0.0031 - 

Molybdenum μg/L 0.05 1.1 1.08 1.8% 0.313 0.313 0.0% 0.232 0.236 - 0.576 0.583 1.2% 0.438 0.596 30.6% 0.12 0.112 - 

Nickel μg/L 0.02 0.758 0.764 0.8% 1.08 1.15 6.3% 0.935 0.923 1.3% 0.554 0.566 2.1% 0.623 0.622 0.2% 0.611 0.593 3.0% 

Potassium µg/L 10 1180 1150 2.6% 1120 1150 2.6% 851 858 0.8% 975 966 0.9% 959 972 1.3% 786 781 0.6% 

Selenium μg/L 0.04 <0.04 <0.04 - <0.04 <0.04 - <0.04 <0.04 - <0.04 <0.04 - <0.04 <0.04 - <0.04 <0.04 - 

Silicon μg/L 50 279 285 2.1% <50 <50 - <50 <50 - <50 <50 - <50 <50 - <50 <50 - 

Silver μg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - 

Sodium µg/L 10 4340 4240 2.3% 2100 2140 1.9% 1630 1640 0.6% 2190 2150 1.8% 2350 2330 0.9% 1430 1430 0.0% 

Strontium μg/L 0.05 50.3 49.4 1.8% 19.3 19.6 1.5% 14.4 14.4 0.0% 23.6 24.1 2.1% 25.4 25.9 1.9% 14.7 14.7 0.0% 

Sulphur µg/L 500 1750 1640 - 1550 1590 - 1250 1240 - 1490 1340 - 1510 1470 - 820 780 - 

Thallium μg/L 0.002 <0.002 <0.002 - 0.002 0.002 - 0.002 0.002 - <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - 

Tin μg/L 0.01 <0.01 0.015 - 0.012 0.028 - 0.029 <0.01 - <0.01 <0.01 - <0.01 <0.01 - <0.01 <0.01 - 

Titanium μg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - 

Uranium μg/L 0.002 0.117 0.122 4.2% 0.05 0.052 3.9% 0.038 0.039 2.6% 0.0712 0.0703 1.3% 0.0713 0.0722 1.3% 0.0333 0.033 0.9% 

Vanadium μg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - 

Zinc μg/L 0.1 0.13 0.11 - 0.36 0.28 - 0.47 0.3 - 0.44 0.17 - 0.15 0.18 - 1.21 0.6 67.4% 
Zirconium μg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - 

Dissolved Metals                     

Aluminum μg/L 0.2 4.63 4.72 1.9% 1.53 1.61 5.1% 2.05 2.34 13.2% 5.16 6.21 18.5% 3.45 0.28 170% 5.5 2.52 74.3% 
Antimony μg/L 0.02 <0.02 <0.02 - <0.02 <0.02 - <0.02 <0.02 - 0.02 <0.02 - <0.02 <0.02 - <0.02 <0.02 - 

Arsenic μg/L 0.02 0.277 0.294 6.0% 0.12 0.125 4.1% 0.067 0.067 - 0.316 0.283 11.0% 0.278 0.281 1.1% 0.15 0.175 15.4% 

Barium μg/L 0.02 4.87 4.87 0.0% 2.63 2.65 0.8% 2.31 2.24 3.1% 2.49 2.42 2.9% 2.36 2.43 2.9% 1.97 1.78 10.1% 
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Table B-2 Duplicate Sample Results, 2019 (continued) 

Parameter Unit MDL 
NF3B 

RPD 
MF3-5T 

RPD 
FFA-5M 

RPD 
NF5M 

RPD 
MF1-1B-4 

RPD 
FF1-1M-4 

RPD Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate Sample Duplicate 
23-Apr-19 23-Apr-19 9-May-19 9-May-19 8-May-19 8-May-19 15-Aug-19 15-Aug-19 22-Aug-19 22-Aug-19 17-Aug-19 17-Aug-19 

Beryllium μg/L 0.01 <0.01 <0.01 - <0.01 <0.01 - <0.01 0.103 165% <0.01 <0.01 - <0.01 <0.01 - <0.01 <0.01 - 

Bismuth μg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - 0.009 0.007 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - 

Boron μg/L 5 <5 <5 - <5 <5 - <5 <5 - 6.6 <5 - <5 <5 - <5 <5 - 

Cadmium μg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - 0.006 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - 

Chromium μg/L 0.05 <0.05 0.055 - <0.05 <0.05 - <0.05 <0.05 - 0.063 0.067 - <0.05 <0.05 - <0.05 <0.05 - 

Cobalt μg/L 0.005 0.006 0.006 - 0.012 0.011 - 0.021 0.024 - <0.005 <0.005 - 0.0089 0.0095 - 0.0143 0.0133 - 

Copper μg/L 0.05 0.508 0.491 3.4% 0.64 0.65 1.6% 0.496 5.7 168% 0.559 0.493 12.5% 0.462 0.55 17.4% 0.541 0.499 8.1% 

Iron μg/L 1 <1 <1 - <1 <1 - <1 <1 - 2.1 1.6 - 1.5 2.6 - 1.5 1.5 - 

Lead μg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - 0.008 0.009 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - 

Lithium μg/L 0.5 2.22 2.15 - 1.91 1.89 - 1.78 1.74 - 2.92 2.92 0.0% 4.42 3.78 15.6% 1.37 0.64 - 

Manganese μg/L 0.05 1.13 1.16 2.6% 0.297 0.251 16.8% 0.678 0.667 1.6% 1.28 0.989 25.7% 0.701 0.847 18.9% 0.978 0.903 8.0% 

Mercury μg/L 0.002 <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - 

Molybdenum μg/L 0.05 1.05 1.06 0.9% 0.361 0.311 14.9% 0.239 0.251 4.9% 0.633 0.511 21.3% 0.569 0.523 8.4% 0.189 0.157 - 

Nickel μg/L 0.02 0.708 0.752 6.0% 1.14 1.13 0.9% 0.919 0.952 3.5% 0.555 0.588 5.8% 0.601 0.604 0.5% 0.689 0.709 2.9% 

Selenium μg/L 0.04 <0.04 <0.04 - <0.04 <0.04 - <0.04 <0.04 - <0.04 <0.04 - <0.04 <0.04 - <0.04 <0.04 - 

Silicon μg/L 50 277 253 9.1% <50 <50 - <50 <50 - <50 <50 - <50 <50 - <50 <50 - 

Silver μg/L 0.005 <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - <0.005 <0.005 - 

Strontium μg/L 0.05 49.4 49.4 0.0% 18.2 18.2 0.0% 15 14.9 0.7% 24.4 24.2 0.8% 25.8 25.7 0.4% 13.1 13.5 3.0% 

Sulphur µg/L 500 1610 1610 - 1610 1660 - 1360 1410 - 1380 1360 - 1430 1420 - 880 940 - 

Thallium μg/L 0.002 <0.002 <0.002 - 0.002 0.002 - 0.005 0.003 - <0.002 <0.002 - <0.002 <0.002 - <0.002 <0.002 - 

Tin μg/L 0.01 <0.01 <0.01 - <0.01 0.041 - <0.01 0.013 - <0.01 <0.01 - <0.01 <0.01 - <0.01 <0.01 - 

Titanium μg/L 0.5 <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - <0.5 <0.5 - 

Uranium μg/L 0.002 0.084 0.088 4.7% 0.048 0.046 4.3% 0.038 0.033 14.1% 0.0657 0.0609 7.6% 0.068 0.066 3.0% 0.0367 0.0304 18.8% 

Vanadium μg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - 

Zinc μg/L 0.1 <0.1 <0.1 - 0.28 0.27 - 14.8 1.88 155% 1.33 0.1 172% <0.1 0.16 - 1.48 0.66 76.6% 
Zirconium μg/L 0.05 <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - <0.05 <0.05 - 
Calculated Quantities                     

RPD values over 20% % - - - 0.0 - - 0.0 - - 5.4 - - 2.2 - - 2.2 - - 5.4 
RPD values over 20% # - - - 0 - - 0 - - 5 - - 2 - - 2 - - 5 

a) Based on the results of the ammonia investigation, the ALS ammonia dataset was used in the ice-cover season and the BV ammonia dataset was used in the open-water season (see the “Ammonia Investigation” section below). 
Note: Bold RPD values are greater than 40%, and concentrations in one or both samples that were greater than or equal to five times the DL. 
RPD = relative percent difference; - = not applicable; NTU = nephelometric turbidity unit; µg-N/L = micrograms nitrogen per litre;  µg-P/L = micrograms phosphorus per litre; µS/cm = microSiemens per centimetre; DL = detection limit; NF = near-field; MF = mid-field; FF = far-field. 
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Ammonia Investigation 
The reader is directed to Appendix 4B of the 2014 to 2016 Aquatic Effects Re-evaluation Report Version 
1.1 (Golder 2019a), Appendix B of the 2017 Effluent and Water Chemistry Report (Golder 2018) and 
Appendix B of the 2018 Effluent and Water Chemistry Report (Golder 2019b)  for a review of the history of 
the ammonia contamination issue for the AEMP prior to 2019. The following text provides a summary of 
efforts that took place in 2019 and the selection of ammonia data used for analysis in the 2019 AEMP 
Annual Report. 

Data quality issues with ammonia continue to be a concern in 2019, with incidental occurrences in blank 
samples, and relatively large variability between duplicate samples. In 2019, DDMI once again sent lake 
water quality samples to both BV Labs and ALS for analysis of ammonia. A comparison of the available 
ammonia data for Lac de Gras is shown in Figure B-1. 

Figure B-1 Ammonia Concentrations in Lac de Gras Measured by Maxxam and ALS, 2019 

 
Note: Samples from NF5T, FF1-5M, LDS-2M, and LDS-4M analyzed by BV Labs in open-water were excluded from the plot due to 
preservative contamination (see Table B-3 below). 
T = top depth; M = middle depth; B = bottom depth; µg-N/L = micrograms nitrogen per litre; <DL = less than detection limit. 
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Contamination of the preservative used for the BV Labs ice-cover season ammonia samples was identified 
by BV Labs. The ice-cover data was found to contain erroneously elevated results and was, therefore, 
deemed unreliable. A letter from BV Labs describing this issue is included in Annex B (following Attachment 
B). BV Labs recommended that the ALS ice-cover data be reported. Since the ALS data did not appear to 
have a similar contamination issue, as the majority of QC samples met the DQO, this recommendation was 
accepted and the ice-cover season ammonia data generated by ALS were used in the data analyses, 
tables, and figures in the 2019 AEMP Annual Report. 

Initial open-water results showed that the ammonia bottles provided by BV Labs also contained 
contaminated preservative. As a result, BV Labs conducted the ammonia analysis on water from the 
unpreserved general chemistry bottle. However, there was no alternate container for seven samples (three 
of which were QC samples) and the original data for contaminated samples was reported in error  
(Table B-3). These samples were removed from the dataset. To further investigate data quality issues 
identified for ammonia, BV Labs completed an inter-laboratory comparison study evaluating differences in 
ammonia results for the 2019 open-water samples analyzed by BV Labs and ALS. The study is included in 
Annex C. The key results of the study were that:  

(1) The open-water BV Labs data, analyzed from the unpreserved general chemistry data, were 
useable.  

(2) Evidence suggests the ALS open-water data were potentially subject to a variable degree of 
contamination from an unknown source.  

(3) Open-water season ammonia data generated by BV Labs had fewer data quality issues and was 
recommended for reporting.  

Based on these results, the recommendation to use the BV Labs data for the open-water season was 
accepted: BV labs open-water data was used in the data analyses, tables, and figures completed in support 
of the 2019 AEMP Annual Report. 

Table B-3 BV Lab Ammonia Results Excluded from Analyses, Open-Water Season 2019 

Sample ID BV Sample ID Sample Type 
NF5T WI5323 - 
MF1-5T-2 WJ3219 Field Blank 
MF3-2B-1 WK6304 Equipment Blank 
FF1-5M WJ4135 - 
FFB-2M-2 WK2068 Field Blank 
LDS-2M WK8078 - 
LDS-4M WL7085 - 

NF = near-field; MF = mid-field; FF = far-field; LDS = Lac Du Sauvage. 
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The DL used for ammonia (0.005 mg/L) is at the absolute limit of instrument sensitivity, and concentrations 
measured close to the DL are subject to large uncertainty as a result. Especially at low levels, ammonia  
presents issues with respect to potential contamination because it is airborne. Previous studies have shown 
that airborne ammonia contamination can be introduced over time into unopened containers (Golder 
2019b). The 2019 open-water interlaboratory comparison study also included initiatives that BV Labs is 
undertaking to minimize sample contamination:  

• Proofing 12 vials per lot under worst-case conditions prior to use. Previously 2 vials were proofed. 

• Approaching regulators to allow sodium bisulphate as an alternate preservative instead of 50% sulphuric 
acid, because it is equally effective at lowering pH and, as a solid, is much less corrosive than sulphuric 
acid. 

• Considering the use of unpreserved samples for low level ammonia, because within the typical surface 
water pH range (6 to 8), ammonia is greater than 99.9% to 99.0% ionized, so volatilization is not an 
issue.  

The recommendations and conclusions outlined in this study are those of BV Labs and do not necessarily 
reflect DDMI’s plan for the AEMP. However, the information gathered by these studies is valuable and will 
be used in future decision-making related to the handling of the ammonia analysis and reporting for the 
AEMP. DDMI will continue to work with the analytical laboratory to determine a path forward for the 
ammonia analysis for future monitoring. More work is planned in 2020 to help determine the path forward. 
Duplicate samples will again be provided to BV Labs and ALS for analysis in the ice-cover season of 2020. 

Abnormal Depth Profile Data 
Occasionally, measurements of turbidity taken near the lake bottom indicated that the probe had come into 
contact with bottom sediments. These values were not included in the graphical analysis of field measured 
data (Section 3.3), but are shown in Figure B-2, for reference. In total, two turbidity values (at FFA-5 and 
FFB-2) were removed from the depth profile plots shown in Section 3.3. All erroneous values were 
measured at 18 m depth, which is close to the target depth of 20 m for the AEMP stations.  
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Figure B-2 FFA and FFB Depth Profile Data, 2019 

 

NTU = nephelometric turbidity unit; FF = far-field.  
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INITIAL EFFLUENT AND WATER QUALITY DATA SCREENING 

Introduction 
Data screening is the initial phase of data handling when analyzing chemistry datasets that are subject to 
occasional extreme values. Extreme values are frequently incorrect, reflecting field or laboratory errors, 
data transcription or calculation errors, or extreme natural variability. Data screening is undertaken prior to 
data analysis and interpretation to verify that the data quality objectives established by the Quality 
Assurance Project Plan (QAPP) Version 3.1 (Golder 2017a) and the AEMP Design Plan Version 4.1 (Golder 
2017b) have been met. The purpose of data screening is to identify unusually large or small values (referred 
to as anomalous data), verify or correct them if possible, and make a decision whether to retain or exclude 
remaining anomalous data from further analysis. 

The data screening approach used in this report includes a numerical method to aid in the identification of 
anomalous data, followed by visual/logical assessment of the identified values. This approach removes the 
subjectivity of classifying values based on visual evaluation of data alone. This initial screening is primarily 
applicable to chemistry data, because anomalous results are less common in biological (e.g., taxonomy) 
data and are typically resolved through contacting the taxonomist. 

Methods 
Initial screening of the annual AEMP datasets was completed using a method based on Chebyshev’s 
theorem (Mann 2010) combined with the visual examination of scatter-plots (Golder 2017b). The method 
is applied by first identifying data that lie outside the 4.47 SD on a scatter-plot of annual data, and then 
visually verifying the anomalous values based on potential spatial trends. If data were visually anomalous, 
the value was investigated to see if it was reported in error, or if it was consistent with associated variables 
(e.g., total dissolved solids and major ion concentrations) and data collected in previous years. No data 
were identified as anomalous based on visual evaluation alone. 

In cases where the above numerical screening identified an elevated value in the NF area or at the mixing 
zone boundary as anomalous, the identified value was conservatively retained in the dataset used for 
analysis if the SD distance from the mean was less than two times the 4.5 SD criterion discussed above. 
Hence, only very extreme values, which were greater than approximately 9 SD from the mean, were 
removed from further analysis of NF area data, upon visual confirmation of screening results. Finally, in 
cases where the annual datasets contained a large proportion of non-detect data (i.e., censored values), 
only values that were greater than or equal to 5 times the detection limit (DL) were considered anomalous 
and were removed from the analysis if visual screening confirmed the numerical screening results. 

Results 
Results of the initial data screening are summarized herein for effluent, mixing zone and AEMP datasets 
(Tables C-1 to C-3; Figures C-1 to C-10). Results consist of a table of anomalous values removed from 
each dataset and scatter-plots, which allow visual review of anomalous data and provide transparency. 
Overall, the number of anomalous values identified by the data screening procedure was very small 
compared to the amount of data summarized, accounting for less than half of one percent of the total data. 
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SNP 

Table C-1 List of Anomalous Values Removed from SNP Analyses, SNP 1645-18 and 1645-
18B (Effluent) 

Variable Station Value Unit Date Standard Deviation 
Distance (a) 

Acidity (pH 8.3) 1645-18 9 mg/L 02-Nov-2018 5.61 
Total Phosphorus 1645-18 105 μg-P/L 18-Feb-2019 5.21 
Total Aluminum 1645-18 2,120 μg/L 31-Jul-2019 7.24 
Total Boron 1645-18 66.4 μg/L 17-Aug-2019 5.09 
Total Chromium 1645-18 2.08 μg/L 06-Jul-2019 5.43 
Total Iron 1645-18 473 μg/L 06-Jul-2019 7.71 
Total Potassium 1645-18 184 mg/L 10-Oct-2019 7.34 
Total Zinc 1645-18 6.47 μg/L 17-Jul-2019 7.19 
Turbidity 1645-18B 1.8 NTU 06-Jul-2019 4.58 
Total Kjeldahl Nitrogen 1645-18B 7,100 μg-N/L 01-May-2019 7.00 
Total Aluminum 1645-18B 1,730 μg/L 31-Jul-2019 6.85 
Total Chromium 1645-18B 1.85 μg/L 06-Jul-2019 4.83 
Total Copper 1645-18B 1.39 μg/L 14-Nov-2018 4.91 
Total Iron 1645-18B 467 μg/L 06-Jul-2019 7.70 
Total Lead 1645-18B 0.034 μg/L 14-Nov-2018 5.03 
Total Zinc 1645-18B 6.12 μg/L 17-Jul-2019 7.31 

a) Number of standard deviations from the mean calculated for the 2019 monitoring period. 
µg/L = micrograms per litre; µg-N/L= micrograms nitrogen per litre; µg-P/L= micrograms phosphorus per litre. 

Table C-2 List of Anomalous Values Removed from SNP Analyses, SNP 1645-19A, 1645 19B 
and 1645-19C (Mixing Zone) 

Variable Station  Value Unit  Date  Standard Deviation 
Distance (a) 

Total Kjeldahl Nitrogen 1645-19 1,300 μg-N/L 19-Jul-2019 11.00 
Total Beryllium 1645-19 0.44 μg/L 19-Jul-2019 11.59 
Total Chromium 1645-19 2.24 μg/L 17-Dec-2018 11.32 
Total Silver 1645-19 0.046 μg/L 29-Dec-2018 11.22 
Dissolved Iron 1645-19 41.9 μg/L 23-Mar-2019 10.43 

a) Number of standard deviations from the mean calculated for the 2019 monitoring period. 
µg/L = micrograms per litre; µg-P/L= micrograms phosphorus per litre. 
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Figure C-1 Anomalous Data Removed from SNP Analyses Completed for Acidity (pH 8.3), 
Dissolved Iron, Total Aluminum, and Total Beryllium 

 

µg/L = micrograms per litre; DL= detection limit.  
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Figure C-2 Anomalous Data Removed from SNP Analyses Completed for Total Boron, Total 
Chromium, Total Copper, and Total Iron 

 

µg/L = micrograms per litre; DL= detection limit. 
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Figure C-3 Anomalous Data Removed from SNP Analyses Completed for Total Kjeldahl 
Nitrogen, Total Lead, Total Phosphorus, and Total Potassium 

 
µg/L = micrograms per litre; µg-N/L = micrograms nitrogen per litre; µg-P/L = micrograms phosphorus per litre; DL= detection limit. 
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Figure C-4 Anomalous Data Removed from SNP Analyses Completed for Total Silver, Total 
Zinc, and Turbidity 

 
µg/L = micrograms per litre; DL= detection limit. 
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AEMP 

Table C-3 List of Anomalous Values Removed from AEMP Analyses 

Variable Station Season Value Unit Date 
Standard 
Deviation 

Distance (a) 
Total Arsenic MF3-5B IC 0.63 µg/L 09-May-2019 4.55 
Total Cobalt MF1-5B IC 0.123 µg/L 28-Apr-2019 4.76 
Total Cobalt MF3-5B IC 0.169 µg/L 09-May-2019 6.79 
Total Iron MF3-5B IC 138 µg/L 09-May-2019 8.16 
Total Manganese MF1-5B IC 298 µg/L 28-Apr-2019 7.41 
Total Nickel MF1-5B IC 2.36 µg/L 28-Apr-2019 5.72 
Total Tin MF3-5M IC 0.184 µg/L 09-May-2019 6.50 
Total Zinc FFA-M IC 5.01 µg/L 08-May-2019 7.82 
Soluble Reactive Phosphorus FFB-M IC 8.9 µg-P/L 06-May-2019 7.55 
Total Dissolved Phosphorous MF1-3T IC 36.3 μg-P/L 28-Apr-2019 8.33 
Dissolved Chromium FF2-2T IC 0.193 µg/L 10-May-2019 4.90 
Dissolved Cobalt MF1-5B IC 0.083 µg/L 28-Apr-2019 6.12 
Dissolved Cobalt MF3-5B IC 0.069 µg/L 09-May-2019 4.94 
Dissolved Iron MF3-5B IC 5.8 µg/L 09-May-2019 5.61 
Dissolved Lead FF2-5M IC 0.043 µg/L 10-May-2019 8.25 
Dissolved Manganese MF1-5B IC 281 µg/L 28-Apr-2019 8.33 
Dissolved Molybdenum MF3-5M IC 6.44 µg/L 09-May-2019 7.48 
Dissolved Nickel MF1-5B IC 2.42 µg/L 28-Apr-2019 5.78 
Dissolved Vanadium FF2-2T IC 0.92 µg/L 10-May-2019 4.93 
Dissolved Zinc FFA-M IC 14.8 µg/L 08-May-2019 8.32 
Total Cobalt LDG-48M OW 0.069 µg/L 31-Aug-2019 5.46 
Total Copper MF2-1M OW 0.742 µg/L 23-Aug-2019 4.71 
Total Tin FF1-M OW 0.062 µg/L 19-Aug-2019 8.43 
Soluble Reactive Phosphorus FF2-5M OW 7.9 µg-P/L 20-Aug-2019 4.59 
Dissolved Cobalt LDG-48M OW 0.075 µg/L 31-Aug-2019 7.30 
Dissolved Iron LDG-48M OW 9.2 µg/L 31-Aug-2019 5.24 
Dissolved Lithium MF1-1B OW 4.42 µg/L 22-Aug-2019 4.79 

a) Number of standard deviations from the mean calculated for the 2019 monitoring period. 
µg/L = micrograms per litre; µg-N/L = micrograms nitrogen per litre; µg-P/L = micrograms phosphorus per litre; IC = ice-cover; OW = 
open-water; MF = mid-field; FF = far-field; LDG = Lac De Gras. 
  



   
  Doc No. RPT-1915 Ver. 0 
April 2020 C-8 19115664/8000 

 

Golder Associates 

Figure C-5 Anomalous Data Removed from AEMP Analyses Completed for Dissolved 
Chromium, Dissolved Cobalt, Dissolved Iron, Dissolved Lead, and Dissolved 
Manganese, Ice-Cover Season, 2019 

 

µg/L = micrograms per litre; DL= detection limit. 
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Figure C-6 Anomalous Data Removed from AEMP Analyses Completed for Dissolved 
Molybdenum, Dissolved Nickel, Dissolved Vanadium, Dissolved Zinc, and Soluble 
Reactive Phosphorus, Ice-Cover Season, 2019 

 

µg/L = micrograms per litre; DL= detection limit.  
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Figure C-7 Anomalous Data Removed from AEMP Analyses Completed for Total Arsenic, 
Total Cobalt, Total Dissolved Phosphorus, Total Iron, and Total Manganese, Ice-
Cover Season, 2019 

 

µg/L = micrograms per litre; DL= detection limit. 
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Figure C-8 Anomalous Data Removed from AEMP Analyses Completed for Total Nickel, Total 
Tin, and Total Zinc, Ice-Cover Season, 2019 

 

µg/L = micrograms per litre; µg-P/L = micrograms phosphorus per litre; DL= detection limit.  
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Figure C-9 Anomalous Data Removed from AEMP Analyses Completed for Dissolved Cobalt, 
Dissolved Iron, Dissolved Lithium, Soluble Reactive Phosphorus, and Total Cobalt, 
Open-Water Season, 2019 

 

µg/L = micrograms per litre; µg-P/L = micrograms phosphorus per litre; DL= detection limit.  
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Figure C-10 Anomalous Data Removed from AEMP Analyses Completed for Total Copper and 
Total Tin, Open-Water Season, 2019 

 

µg/L = micrograms per litre; µg-P/L = micrograms phosphorus per litre; DL= detection limit.  
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ATTACHMENT D 
 

2019 WATER QUALITY RAW DATA – AEMP AND SNP 
(SNP 1645-18/18B AND SNP 1645-19) 

 

These data are provided electronically as an Excel file. 
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ATTACHMENT E 
 

2019 TOXICITY TESTING RAW DATA 
These data are provided electronically as an Excel file. 

 



EENVFCD-00486/9

Tab: CER Report

Page 1 of 2 

Test Substance

Job and Sample ID: Test Performed By:

Date sample collected:

Test Initiation Date:

Test End Date:

Dates when subsamples used:

Dissolved Oxygen prior to test (mg/L): 8.6 Temperature (°C): 25

pH prior to test (pH units): 7.2 Conductivity (µS/cm): 531

LC50

IC50

* If outliers were removed, describe in comments. 

Comments

Reference toxicant analyzed 2018/12/12

Test Organisms

Species: Ceriodaphnia dubia

Source of test organisms: Aquatic Biosystems, Colorado

Age of organisms at test initiation: ≤ 24 hours, within 12 hours

Unusual Appearance, behaviour or treatment  prior to use in test : None

Mean % mortality of brood organisms during 7-day period proceding test: 5.1

Number of neonates produced by each organism in its third or fourth brood: ≥8 neonates

37

Observations of ephippia: None

All test organisms used to initiate this test were taken from a series of individual cultures, that originated from the same mass culture.

The 4th brood or subsequent broods produced during the test are not included in the final statistical analysis. 

Test Facilities and Apparatus

Name address of test laboratory: Maxxam Analytics. 9331 48st NW, Edmonton, AB

Test vessels used: Fisherbrand 20 x 150 mm lime glass test tubes

Control/Dilution Water

Consists of:

4 L Perrier Brand carbonated spring water

1 mL cyanocobalamin (Vitamin B-12)

1 mL Sodium Selenate Decahydrate

Test Method

Reference method used for testing:

Significant or non-significant

2018/12/12 2018/12/16

B8A8117 - UY0944

16 L RODI from in-house system, to which the following are added:

95% UCL

2018/12/13 2018/12/17

2018/12/14 2018/12/18

Ceriodaphnia dubia  Bioassay Report

NM9, DBA

2018/12/11

2018/12/12

2018/12/18

Outliers* ( concentration-replicate)Data TransformsMethod

Log X

None
Equal Variance t Two-Sample 

Test

None

Fisher Exact Test

Log X

n/a

Log XEffect

IC50

Spearman-Karber

Non-Significant

Non-Significant

7 day Biomass 

Result

2.31

Effect

1.87

1.18

2018/12/15

Test Results Method Outliers* ( concentration-replicate)

None

Log XReference 

Toxicant Test 

Results (g/L)

7 day Survival Result LC50 1.51

n/a

Regression: 4P Log-

Logistic+Hormesis

Data Transforms

None

Sample Test 

Results (% 

vol/vol)

7 day Survival Result

Control Chart 

Data (g/L)

7 day Survival Result

95% LCLEndpointReference Toxicant Results

Mean number of neonates per adult during first 3 broods in 7 

1.03 1.38

7 day Biomass 

Result

0.977

7 day Biomass Result

1.51 2.33

0.855 1.69

Biological Test Method: Test of Reproduction and Survival Using the Cladoceran Ceriodaphnia dubia . Environment Canada, EPS 1/RM/21 

Second Edition - February 2007

1.20
Shewart
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Tab: CER Report

Page 2 of 2 

Did the following occur during sample preparations:

Filtered: No

Adjusted for hardness: No

Adjusted for pH: No

Frequency of observations: 24 ± 1 hour

Frequency of water quality measurements: Daily

Design and description of any specialized procedure: N/A

Program used for statistical calculations:

Reference method used for statistical calculations:

 Test Conditions and Procedures

Number of test solutions: 20

Number of test concentrations: 1 and a negative control

Concentrations tested (%): 100

Units of tested concentrations: % vol/vol

Number of replicates: 10

Volume of test solutions: ≥ 15 mL

Depth of test solutions: ≥ 5 cm

Individuals per test vessel: 1

Was pre-aeration performed: Yes

Procedure:

Rate: ≤ 100 bubbles / minute

Duration: 20 minutes

Dates where pre-aeration occurred:

Aeration during testing: None

Refer to comments section for any deviations. 

Refer to comments section for any deviations regarding reference toxicity testing. 

Ceriodaphnia dubia Survival and Reproduction Observations
Note: Mortalities are indicated by an "X" in the column and row of the concentration, replicate and day of occurance. If organism was not used for testing, this will be indicated by "N/A" in mortality and neonate columns for the replicate.

5 6 7

neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality

1 0 0 0 8 13 18

2 0 0 0 6 14 0

3 0 0 0 5 11 16

4 0 0 0 8 10 0

5 0 0 0 7 14 20

6 0 0 0 7 15 14

7 0 0 0 5 9 12

8 0 0 0 8 12 15

9 0 0 0 10 12 18

10 0 0 0 5 13 13

1 0 0 0 6 13 15

2 0 0 0 4 15 16

3 0 0 0 6 11 20

4 0 0 0 8 19 0

5 0 0 0 7 14 10

6 0 0 0 8 13 13

7 0 0 0 7 12 10

8 0 0 0 7 12 17

9 0 0 0 8 15 13

10 0 0 0 9 10 21

Average Values for Chemical Data of Test Concentrations

Control 7.9 7.6

100 7.3 7.5

Control 7.9 7.8

100 7.3 7.5

Control 7.9 7.7

100 7.3 7.5

Control 7.8 7.6

100 7.4 7.5

Control 7.9 7.7

100 7.4 7.5

Control 8.1 7.5

100 7.3 7.3

Control N/A N/A

100 N/A N/A

Control N/A N/A

100 N/A N/A

537

180

Before Effluent Renewal

25

26

31.8

Guidance Document on Statistical Methods for Environmental Toxicity Tests. Environment Canada, EPS 1/RM/46 - March 2005. 

7.0

8.3

8

25

8.5

2018/12/13

2018/12/14

2018/12/15

Oil-free compressed air is dispensed through airline tubing and a disposable pipette

7.3

7.8

Date

2018/12/152018/12/14

26

7.0
2018/12/14

25

26

176 7.1

7.4

8.4

8.7
2018/12/18

25

25

2018/12/16

25

7.4

7.8

N/A
N/A

N/A
N/AN/A

N/A

N/A
N/A

N/A

N/A N/A

N/A

525

N/A
N/A

N/A

2018/12/17

529

175

537

N/A N/AN/A

N/A

526

173

537

100%

Day of Testing

0.0%

25

24

25

25 176

24
2018/12/16

0.0%

25

33.9

Temperature (°C)

2018/12/15

25

25

2018/12/12

DateDO (mg/L)

24

25

2018/12/17

4

The reference toxicity test was performed under the same experimental conditions as those used with the test sample. 

2018/12/16

Concentration 

(%/%vol)

Replicate 

number 

Comprehensive Environmental Toxicity Information System (CETIS). Tidepool Scientific Software. Version 1.9.3.0

2018/12/12

Control

1

Test Concentration 

(% vol/vol)

25

2018/12/13

2018/12/17
25

25

25

Temperature (°C)

SD of mean reproduction

8.1

3.9

Cumulative 

Mean 

Reproduction

Cumulative 

Mean % 

Mortality

2 3

pH

After Effluent Renewal

6.5

pH

2018/12/13

Conductivity 

(µS/cm)

180

Conductivity (µS/cm) DO (mg/L)

5.4

6.5

N/A

6.6

6.7

6.5

6.7

5.9

26

190

537

181

518

178

6.1

6.4

6.5

180

5.9

N/A

N/A

N/A

N/A

519

519

N/A

N/A

N/A

N/A

183

531

179

516



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B8A8117

Quarterly Tox  SNP-A Sample Number: UY0944-04

Test Result:

Statistical Method:0%48 hrs Mortality %

Mean percent mortality: Sample Control         0          0

2-6°C

1 L

Dec 11, 2018 12:19 AM

Analysis Start :

End :

Dec 12, 2018 11:40 AM

Dec 14, 2018 10:48 AM

CLEAR COLOURLESSDescription:

Sample Collected By:

Sample Received: Volume Received:

Sample Collected:

Dissolved Oxygen: 11.0 mg/L

Temperature :

pH: 7.1

459 µS/cm

18 °C

120 mg CaCO 3/L

N/AAH

Dec 11, 2018 02:06 PM

Sample Conductance:

Hardness:

Site Collection:

-1 °CTemp.Upon Arrival:

Storage:

Sampling Method : N/A

Sample Name : 1645-18 Sample Matrix : Grab Water

Sample Prior to Analysis:

 Concentration
Mortality

(#)
Mortality

(%)
Immobility

(#)
Immobility

(%)

 % vol/vol 48 hrs 48 hrs 48 hrs 48 hrs

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

100 0 0 0 0

100 0 0 0 0

100 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Immobility
(#)

Immobility
(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hr 48 hrs 48 hrs

0 20 8.1 360 7.9 0 0 0 0 19 8.4 371 8.1

0 20 8.2 358 8.0 0 0 0 0 19 8.2 368 8.1

0 20 8.2 361 8.0 0 0 0 0 20 8.2 363 8.0

100 19 7.3 466 10.3 0 0 0 0 19 7.8 497 8.1

100 19 7.3 466 10.5 0 0 0 0 20 7.8 480 8.1

100 19 7.3 467 10.5 0 0 0 0 20 7.8 482 8.1

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water:

Many daphnia in sample concentration test vessels floating on water surface.Comments :

Test concentration :

Photoperiod :

Pre-aeration Time : Rate of Pre-aeration :

Test Hardness Adjusted :

0,0,0,100,100,100 (% vol/vol)

25-50 mL/min/L

No

16:8 (light: dark)

30 min

Test pH Adjusted: No

15.0 mL/Daphnia

Total # of Organisms Used :

Vessel Volume :Test Volume : 150 mL

Test Temperature :

Organisms per Vessel : 10

60

Loading Density :

20 ± 2 °C

225 mL

Test Conditions

Culture Temperature :

Pseudokirchnriella and YTC at a ratio of 2 mL/L of culture daily. New cultures weekly, 63 daphnids
distributed into 6 culture vessels and 3 reproductive vessels.

% Mortality within 7 days :

24.8<24 hrs

1.6

Time To First Brood :

Daphnia magna

8 Days

Average Brood Size :

16:8 (light: dark)

Source : In House Culture

20 ± 2 °C

Culture Diet

Culture Photoperiod :

Test Organism :

Age at Test Initiation :

www.maxxam.caMaxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187

Page 1 of 2



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B8A8117

Quarterly Tox  SNP-A Sample Number: UY0944-04

0,1.71,2.56,3.82,5.7,8.5 g/L5.80 (4.37, 7.71) g/L Concentration :Historical Mean LC50 (warning limits) :

Binomial6.96 (5.70, 8.50)g/L Statistical Method :Test Endpoint 48 hrs LC50 (95% confidence interval) :

Dec 05, 2018Test Date:Sodium ChlorideReference chemical:

NoneMethod Deviations:

EPS 1/RM/14Test Method

The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Note:

Date: Dec 22, 2018 02:46 PM

Analyst :

Verified By :

Dustin Banks, Natasha Lloyd

Chelsea Tessier, Sample Logistics Supervisor

www.maxxam.caMaxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187

Page 2 of 2



RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B8A8117

Client Project Name & Number: Quarterly Tox  SNP-A

Job Number:DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Test Result:

Statistical Method:0% Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 11.3 mg/L

Sample Collected:

Dissolved Oxygen:

Dec 12, 2018 11:17 AMAnalysis Start :

20 L

Dec 11, 2018 12:19 AM

Sample Number:Description: Clear, colourless UY0944-05

Temp.Upon Arrival: -1 °C

Site Collection:

Sample Name : 1645-18

N/A

Storage: 2-6°C

Sampling Method :

12 °C

7.3

390 µS/cmSample Conductance:

Dec 11, 2018 02:06 PM

N/A

AH

Sample Matrix : Grab Water

 Concentration
Mortality

(#)
Mortality

(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol 72 hrs 72 hrs 72 hrs 72 hrs 96 hrs 96 hr 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs

0 0 0 0 0 15 7.9 301 9.2 0 0 0 0

100 0 0 0 0 15 7.7 431 9.3 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hrs 48 hrs 48 hrs

0 15 8.0 291 9.1 0 0 0 0 0 0 0 0

100 14 7.4 411 9.2 0 0 0 0 0 0 0 0

Other parameters available on request.170 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

The control chart result for this reference toxicant test was outside of 2SD limits. A check of all acclimation and test conditions was
performed, and all requirements were met.

Comments :

Rate of Aeration

0.4 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

4.00 – 4.80 cm

4.36 ±  0.23 cm

daily: 1-5% biomass of trout.

0.7 ± 0.1 g

0.6 – 0.9 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 0.3%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Nov 14, 2018Test Date:

Probit12.2 (10.9, 13.8)mg/L

Reference chemical: Phenol

Statistical Method :

10.2 (8.60, 12.1) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Dec 21, 2018 08:32 AMVerified By : Date:

Analyst : Dustin Banks, Natasha Lloyd

Natasha Lloyd, Analyst 2

Page 1 of 1

Maxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187 www.maxxam.ca



8664 Commerce Court, Burnaby, BC V5A 4N7 

Toxicity testing on samples 
UY0944-1645-18 and UY0945-1645-18B  

Collected December 11, 2018

Final Report  

February 15, 2019

Submitted to: Maxxam Analytics
Burnaby, BC 
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SIGNATURE PAGE 

        
Report By: Reviewed By: 
Yvonne Lam, B.Sc.  Armando Tang, R.P.Bio
Laboratory Biologist Senior Reviewer

This report has been prepared by Nautilus Environmental Company Inc. based on data and/or 
samples provided by our client and the results of this study are for their sole benefit.  Any 
reliance on the data by a third party is at the sole and exclusive risk of that party.  The results 
presented here relate only to the samples tested. 
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SUMMARY 

Sample Information and Test Type  

Sample ID
UY0944-1645-18
UY0945-1645-18B 

Sample collection date December 11, 2018 

Sample receipt date December 12, 2018 

Sample receipt temperature 4.0 – 5.0°C

Test type 7-d rainbow trout (Oncorhynchus mykiss) embryo viability

Summary of Results 

Endpoint 
Mean ± SD

Control UY0944-1645-18 Control UY0945-1645-18B 

Embryo viability 
(%) 

73.3 ± 13.0 77.5 ± 12.6 72.5 ± 9.6 75.1 ± 10.5 

SD = Standard Deviation
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1.0 INTRODUCTION
 
Nautilus Environmental Company Inc. conducted 7-d rainbow trout (Oncorhynchus mykiss) 
embryo viability toxicity tests for Maxxam Analytics on two samples identified as UY0944-1645-
18 and UY0945-1645-18B. The samples were collected on December 11, 2018 and delivered to 
the Nautilus Environmental laboratory in Burnaby, BC on December 12, 2018. The samples were 
each transported in four 10-L or two 20-L plastic containers and received at temperatures of 4.0 
to 5.0°C. The samples were stored in the dark at 4 ± 2 C prior to testing. 
 
This report describes the results of the toxicity tests. Copies of raw laboratory data sheets and 
statistical analysis are provided in Appendix A. The chain-of-custody form is provided in 
Appendix B. 

 

2.0 METHODS 
 
The method for the 7-d rainbow trout embryo viability toxicity test is summarized in Table 1, 
and followed procedures described by Environment Canada (1998) and modified by Canaria et 
al. (1999). Statistical analyses were performed using CETIS (Tidepool Scientific Software, 2013).  
 
 
  



 

WO# 182202 Nautilus Environmental Company Inc. 2 

Table 1. Summary of test conditions: 7-d rainbow trout (Oncorhynchus mykiss) 
embryo viability single concentration 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 100% (undiluted) sample, 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 endpoints Embryo viability

Test acceptability criteria for controls 

Reference toxicant Sodium dodecyl sulphate (SDS) 
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3.0 RESULTS
 
Results of the rainbow trout embryo viability toxicity tests conducted on samples UY0944-1645-
18 and UY0945-1645-18B are summarized in Table 2.  There were no statistically significant 
differences relative to the laboratory controls for either sample, with embryo viability in both 
samples 2% (v/v).  
 

Table 2.  Results: 7-d rainbow trout (Oncorhynchus mykiss) embryo viability single 
concentration test. 

Concentration 
(% v/v) 

Embryo Viability (%)
(Mean ± SD) 

UY0944-1645-18 UY0945-1645-18B 

Laboratory Control               73.3 ± 13.0 72.5 ± 9.6

100               77.5 ± 12.6 75.1 ± 10.5

SD = Standard Deviation 
The samples were not statistically significantly different relative to the Laboratory Control  
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4.0 QA/QC
 
The health history of the test organisms used in the exposure was acceptable and met the 
requirements of the Environment Canada protocol. The test met all control acceptability criteria 
and water quality parameters remained within ranges specified in the protocol throughout the 
test. Uncertainty associated with this test is best described by the standard deviations around 
the means and/or confidence limits around the point estimates. 
 
There was a deviation from the test methodology.  The eggs were exposed using a blocked 
design (eggs from each of the four female fish were distributed separately in each of replicates 
A to D) rather than pooled, as specified in the test protocol. The modification was used because 
the egg quality from each female varied considerably, and blocking would minimize the effects 
of poor quality eggs from one particular female fish.   
 
Results of the reference toxicant test conducted during the testing program are summarized in 
Table 3. Results for this test fell within the acceptable range for organism performance of mean 
and two standard deviations, based on historical results obtained by the laboratory with this 
test. Thus, the sensitivity of the organisms used in this test was appropriate. The reference 
toxicant was performed under the same conditions as those used for the samples.  
 

Table 3. Reference toxicant test results. 

Test Species Endpoint 
Historical Mean

(2 SD Range) 
CV 
(%) Test Date 

O. mykiss Viability (EC50): 6.6 mg/L SDS 4.2 (2.2 – 8.1) mg/L SDS 34 December 12, 2018

SD = Standard Deviation, CV = Coefficient of Variation, EC = Effective Concentration 
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Test Substance

Job and Sample ID: Test Performed By:

Date sample collected:

Test Initiation Date:

Test End Date:

Dates when subsamples used:

Dissolved Oxygen prior to test (mg/L): 8.3 Temperature (°C): 25

pH prior to test (pH units): 7.2 Conductivity (µS/cm): 531

LC50

IC50

* If outliers were removed, describe in comments. 

Comments

Reference toxicant analyzed 2018/12/12

Test Organisms

Species: Ceriodaphnia dubia

Source of test organisms: Aquatic Biosystems, Colorado

Age of organisms at test initiation: ≤ 24 hours, within 12 hours

Unusual Appearance, behaviour or treatment  prior to use in test : None

Mean % mortality of brood organisms during 7-day period proceding test: 5.1

Number of neonates produced by each organism in its third or fourth brood: ≥8 neonates

37

Observations of ephippia: None

All test organisms used to initiate this test were taken from a series of individual cultures, that originated from the same mass culture.

The 4th brood or subsequent broods produced during the test are not included in the final statistical analysis. 

Test Facilities and Apparatus

Name address of test laboratory: Maxxam Analytics. 9331 48st NW, Edmonton, AB

Test vessels used: Fisherbrand 20 x 150 mm lime glass test tubes

Control/Dilution Water

Consists of:

4 L Perrier Brand carbonated spring water

1 mL cyanocobalamin (Vitamin B-12)

1 mL Sodium Selenate Decahydrate

Test Method

Reference method used for testing:

1.207 day Biomass Result

1.51 2.33

0.855 1.69

Biological Test Method: Test of Reproduction and Survival Using the Cladoceran Ceriodaphnia dubia . Environment Canada, EPS 1/RM/21 

Second Edition - February 2007

Sample Test 

Results (% 

vol/vol)

7 day Survival Result

Control Chart 

Data (g/L)

7 day Survival Result

95% LCLEndpoint

Reference 

Toxicant Test 

Results (g/L)

7 day Survival Result LC50 1.51

Outliers* ( concentration-replicate)

None

Log X

n/a

Regression: 4P Log-

Logistic+Hormesis

Data Transforms

None

Shewart

Log X

None

2018/12/13 2018/12/17

2018/12/14 2018/12/18

2018/12/15

Test Results MethodSignificant or non-significant

Non-Significant

Non-Significant

7 day Biomass 

Result

2.31

Effect

1.87

1.18

Reference Toxicant Results

1.03 1.38 Log X

n/a

Log X

IC50

Spearman-Karber

Mean number of neonates per adult during first 3 broods in 7 

7 day Biomass 

Result

0.977

Ceriodaphnia dubia  Bioassay Report

NM9, DBA

2018/12/11

2018/12/12

2018/12/18

Outliers* ( concentration-replicate)Data TransformsMethod

2018/12/12 2018/12/16

B8A8117 - UY0945

16 L RODI from in-house system, to which the following are added:

95% UCL

Effect
Wilcoxon Rank Sum Two-

Sample Test

None

Fisher Exact Test
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Tab: CER Report

Page 2 of 2 

Did the following occur during sample preparations:

Filtered: No

Adjusted for hardness: No

Adjusted for pH: No

Frequency of observations: 24 ± 1 hour

Frequency of water quality measurements: Daily

Design and description of any specialized procedure: N/A

Program used for statistical calculations:

Reference method used for statistical calculations:

 Test Conditions and Procedures

Number of test solutions: 20

Number of test concentrations: 1 and a negative control

Concentrations tested (%): 100

Units of tested concentrations: % vol/vol

Number of replicates: 10

Volume of test solutions: ≥ 15 mL

Depth of test solutions: ≥ 5 cm

Individuals per test vessel: 1

Was pre-aeration performed: Yes

Procedure:

Rate: ≤ 100 bubbles / minute

Duration: 20 minutes

Dates where pre-aeration occurred:

Aeration during testing: None

Refer to comments section for any deviations. 

Refer to comments section for any deviations regarding reference toxicity testing. 

Ceriodaphnia dubia Survival and Reproduction Observations
Note: Mortalities are indicated by an "X" in the column and row of the concentration, replicate and day of occurance. If organism was not used for testing, this will be indicated by "N/A" in mortality and neonate columns for the replicate.

5 6 7

neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality

1 0 0 0 7 11 20

2 0 0 0 6 10 5

3 0 0 0 5 12 14

4 0 0 0 6 13 15

5 0 0 0 6 15 11

6 0 0 0 4 14 0

7 0 0 0 7 10 15

8 0 0 0 8 14 16

9 0 0 0 7 10 18

10 0 0 0 6 12 16

1 0 0 0 5 17 16

2 0 0 0 6 12 12

3 0 0 0 4 12 15

4 0 0 0 5 12 12

5 0 0 0 7 10 0

6 0 0 0 7 12 12

7 0 0 0 9 13 0

8 0 0 0 5 16 6

9 0 0 0 7 11 12

10 0 0 0 7 13 16

Average Values for Chemical Data of Test Concentrations

Control 7.8 7.7

100 7.2 7.5

Control 7.9 7.8

100 7.3 7.6

Control 8.0 7.7

100 7.4 7.4

Control 7.9 7.7

100 7.5 7.6

Control 8.0 7.7

100 7.4 7.5

Control 8.0 7.6

100 7.3 7.3

Control N/A N/A

100 N/A N/A

Control N/A N/A

100 N/A N/A

2018/12/14

2018/12/15

Oil-free compressed air is dispensed through airline tubing and a disposable pipette

N/A

6.6

Conductivity (µS/cm) DO (mg/L)

6.1

N/A

N/A

N/A

183

511

178

514

180

517

N/A

N/A

N/A

N/A

192

531

183

517

178

510

6.6

7.1

6.8

6.8

6.1

5.9

6.1

6.4

6.6

3

DO (mg/L)pH

After Effluent Renewal

6.5

pH

180

SD of mean reproduction

6.7

6.1

Cumulative 

Mean 

Reproduction

Cumulative 

Mean % 

Mortality

25

26

7.3

25

2

Control

1

Test Concentration 

(% vol/vol)

25

2018/12/13

Concentration 

(%/%vol)

Replicate 

number 

Comprehensive Environmental Toxicity Information System (CETIS). Tidepool Scientific Software. Version 1.9.3.0

2018/12/17
25

25

25

Temperature (°C)

4

The reference toxicity test was performed under the same experimental conditions as those used with the test sample. 

2018/12/162018/12/12

2018/12/13

25

2018/12/17

31.30.0%

25

29.1

Temperature (°C)

Day of Testing

0.0%

25
2018/12/13

Conductivity 

(µS/cm)

25

25

2018/12/12

Date

100%

25

2018/12/14

Date

2018/12/14

182

25

25 176

24
2018/12/16

527

175

535

537

2018/12/15

N/A N/AN/A

N/A

525

174 7.6

8.1

8.2

24

N/A
N/A

N/A N/A

N/A

526

N/A
N/A

N/A

2018/12/17

N/A
N/A

N/A
N/AN/A

N/A

N/A

N/A

2018/12/18

25

25

2018/12/16

26

25

7.4

7.6 24

2018/12/15

7.3

7.8

26

176 7.1

Guidance Document on Statistical Methods for Environmental Toxicity Tests. Environment Canada, EPS 1/RM/46 - March 2005. 

7.1

8.1

8

25

8.1

536

Before Effluent Renewal



RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B8A8117

Client Project Name & Number: Quarterly Tox  SNP-A

Job Number:DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Test Result:

Statistical Method:0% Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 11.3 mg/L

Sample Collected:

Dissolved Oxygen:

Dec 12, 2018 11:17 AMAnalysis Start :

20 L

Dec 11, 2018 01:14 AM

Sample Number:Description: Clear, colourless UY0945-05

Temp.Upon Arrival: -1 °C

Site Collection:

Sample Name : 1645-18B

N/A

Storage: 2-6°C

Sampling Method :

12 °C

7.1

392 µS/cmSample Conductance:

Dec 11, 2018 02:06 PM

N/A

AH

Sample Matrix : Grab Water

 Concentration
Mortality

(#)
Mortality

(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol 72 hrs 72 hrs 72 hrs 72 hrs 96 hrs 96 hr 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs

0 0 0 0 0 15 7.8 302 9.1 0 0 0 0

100 0 0 0 0 14 7.5 422 9.0 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hrs 48 hrs 48 hrs

0 15 8.0 292 9.0 0 0 0 0 0 0 0 0

100 14 7.3 404 9.5 0 0 0 0 0 0 0 0

Other parameters available on request.170 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

The control chart result for this reference toxicant test was outside of 2SD limits. A check of all acclimation and test conditions was
performed, and all requirements were met.

Comments :

Rate of Aeration

0.3 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.70 – 4.70 cm

4.15 ±  0.36 cm

daily: 1-5% biomass of trout.

0.6 ± 0.2 g

0.4 – 0.9 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 0.3%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Nov 14, 2018Test Date:

Probit12.2 (10.9, 13.8)mg/L

Reference chemical: Phenol

Statistical Method :

10.2 (8.60, 12.1) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Dec 21, 2018 08:33 AMVerified By : Date:

Analyst : Dustin Banks, Natasha Lloyd

Natasha Lloyd, Analyst 2

Page 1 of 1

Maxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187 www.maxxam.ca



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B8A8117

Quarterly Tox  SNP-A Sample Number: UY0945-04

Test Result:

Statistical Method:0%48 hrs Mortality %

Mean percent mortality: Sample Control         0          0

2-6°C

1 L

Dec 11, 2018 01:14 AM

Analysis Start :

End :

Dec 12, 2018 11:42 AM

Dec 14, 2018 10:51 AM

CLEAR COLOURLESSDescription:

Sample Collected By:

Sample Received: Volume Received:

Sample Collected:

Dissolved Oxygen: 10.7 mg/L

Temperature :

pH: 7.2

462 µS/cm

19 °C

100 mg CaCO 3/L

N/AAH

Dec 11, 2018 02:06 PM

Sample Conductance:

Hardness:

Site Collection:

-1 °CTemp.Upon Arrival:

Storage:

Sampling Method : N/A

Sample Name : 1645-18B Sample Matrix : Grab Water

Sample Prior to Analysis:

 Concentration
Mortality

(#)
Mortality

(%)
Immobility

(#)
Immobility

(%)

 % vol/vol 48 hrs 48 hrs 48 hrs 48 hrs

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

100 0 0 0 0

100 0 0 0 0

100 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Immobility
(#)

Immobility
(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hr 48 hrs 48 hrs

0 20 8.2 359 8.0 0 0 0 0 19 8.2 363 8.1

0 20 8.2 361 8.0 0 0 0 0 20 8.3 369 8.0

0 20 8.2 361 8.0 0 0 0 0 20 8.2 365 8.0

100 19 7.3 467 10.3 0 0 0 0 20 7.8 477 8.0

100 19 7.3 469 10.4 0 0 0 0 20 7.8 478 8.1

100 19 7.3 469 10.3 0 0 0 0 20 7.8 479 8.1

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water:

Many daphnia in sample concentration test vessels floating on water surface.Comments :

Test concentration :

Photoperiod :

Pre-aeration Time : Rate of Pre-aeration :

Test Hardness Adjusted :

0,0,0,100,100,100 (% vol/vol)

25-50 mL/min/L

No

16:8 (light: dark)

30 min

Test pH Adjusted: No

15.0 mL/Daphnia

Total # of Organisms Used :

Vessel Volume :Test Volume : 150 mL

Test Temperature :

Organisms per Vessel : 10

60

Loading Density :

20 ± 2 °C

225 mL

Test Conditions

Culture Temperature :

Pseudokirchnriella and YTC at a ratio of 2 mL/L of culture daily. New cultures weekly, 63 daphnids
distributed into 6 culture vessels and 3 reproductive vessels.

% Mortality within 7 days :

24.8<24 hrs

1.6

Time To First Brood :

Daphnia magna

8 Days

Average Brood Size :

16:8 (light: dark)

Source : In House Culture

20 ± 2 °C

Culture Diet

Culture Photoperiod :

Test Organism :

Age at Test Initiation :

www.maxxam.caMaxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187

Page 1 of 2



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B8A8117

Quarterly Tox  SNP-A Sample Number: UY0945-04

0,1.71,2.56,3.82,5.7,8.5 g/L5.80 (4.37, 7.71) g/L Concentration :Historical Mean LC50 (warning limits) :

Binomial6.96 (5.70, 8.50)g/L Statistical Method :Test Endpoint 48 hrs LC50 (95% confidence interval) :

Dec 05, 2018Test Date:Sodium ChlorideReference chemical:

NoneMethod Deviations:

EPS 1/RM/14Test Method

The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Note:

Date: Dec 22, 2018 02:46 PM

Analyst :

Verified By :

Dustin Banks, Natasha Lloyd

Chelsea Tessier, Sample Logistics Supervisor

www.maxxam.caMaxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187

Page 2 of 2



EENVFCD-00486/9

Tab: CER Report

Page 1 of 2 

Test Substance

Job and Sample ID: Test Performed By:

Date sample collected:

Test Initiation Date:

Test End Date:

Dates when subsamples used:

Dissolved Oxygen prior to test (mg/L): 9.4 Temperature (°C): 25

pH prior to test (pH units): 7.0 Conductivity (µS/cm): 507

LC50

IC50

* If outliers were removed, describe in comments. 

Comments

Test Organisms

Species: Ceriodaphnia dubia

Source of test organisms: Aquatic Biosystems, Colorado

Age of organisms at test initiation: ≤ 24 hours, within 12 hours

Unusual Appearance, behaviour or treatment  prior to use in test : None

Mean % mortality of brood organisms during 7-day period proceding test: 6.9

Number of neonates produced by each organism in its third or fourth brood: ≥8 neonates

24

Observations of ephippia: None

All test organisms used to initiate this test were taken from a series of individual cultures, that originated from the same mass culture.

The 4th brood or subsequent broods produced during the test are not included in the final statistical analysis. 

Test Facilities and Apparatus

Name address of test laboratory: Maxxam Analytics. 9331 48st NW, Edmonton, AB

Test vessels used: Fisherbrand 20 x 150 mm lime glass test tubes

Control/Dilution Water

Consists of:

4 L Perrier Brand carbonated spring water

1 mL cyanocobalamin (Vitamin B-12)

1 mL Sodium Selenate Decahydrate

Test Method

Reference method used for testing:

DDMI - 1645-18 Client Name and Sample ID:

0.867 1.67

Biological Test Method: Test of Reproduction and Survival Using the Cladoceran Ceriodaphnia dubia . Environment Canada, EPS 

1/RM/21 Second Edition - February 2007

1.20

Reference Toxicant Results

Mean number of neonates per adult during first 3 broods in 7 days: 

1.13 1.36

7 day Reproduction 

Result

1.02

7 day Reproduction 

Result

1.55 2.36

Sample Test 

Results (% 

vol/vol)

7 day Survival Result

Control Chart 

Data (g/L)

7 day Survival Result

95% LCLEndpoint

Reference 

Toxicant Test 

Results (g/L)

7 day Survival Result LC50 1.27

Outliers* ( concentration-replicate)

N/A

Log- X

n/a

Linear Interpolation

Data Transforms

N/A

Shewart

2019/03/28 2019/04/01

2019/03/29 2019/04/02

2019/03/30

Test Results Method

IC50

Spearman-Karber

Non-Significant

Significant

7 day Reproduction 

Result

1.50

Effect

1.38

1.29

Untransfomed

100 - 5
Wilcoxon Rank Sum Two-

Sample Test

0.5- 10

Fisher Exact Test

Log- X

n/a

UntransformedEffect

Ceriodaphnia dubia  Bioassay Report

DBA, NM9, CSH

2019/03/26

2019/03/27

2019/04/03

Outliers* ( concentration-replicate)Data TransformsMethod

Significant or non-significant

2019/03/27 2019/03/31

B921715- VK6758

16 L RODI from in-house system, to which the following are added:

95% UCL



EENVFCD-00486/9

Tab: CER Report

Page 2 of 2 

Did the following occur during sample preparations:

Filtered: No

Adjusted for hardness: No

Adjusted for pH: No

Frequency of observations: 24 ± 1 hour

Frequency of water quality measurements: Daily

Design and description of any specialized procedure: N/A

Program used for statistical calculations:

Reference method used for statistical calculations:

 Test Conditions and Procedures

Number of test solutions: 20

Number of test concentrations: 1 and a negative control

Concentrations tested (%): 100

Units of tested concentrations: % vol/vol

Number of replicates: 10

Volume of test solutions: ≥ 15 mL

Depth of test solutions: ≥ 5 cm

Individuals per test vessel: 1

Was pre-aeration performed: Yes

Procedure:

Rate: ≤ 100 bubbles / minute

Duration: 20 minutes

Dates where pre-aeration occurred:

Aeration during testing: None

Refer to comments section for any deviations. 

Refer to comments section for any deviations regarding reference toxicity testing. 

Ceriodaphnia dubia Survival and Reproduction Observations

Note: Mortalities are indicated by an "X" in the column and row of the concentration, replicate and day of occurance. If organism was not used for testing, this will be indicated by "N/A" in mortality and neonate columns for the replicate.

5 6 7

neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality

1 0 0 0 7 10 0 17

2 0 0 0 4 10 0 14

3 0 0 0 5 12 19

4 0 0 0 7 11 0 17

5 0 0 0 3 13 0 16

6 0 0 0 8 12 3

7 0 0 0 7 9 0 9 x

8 0 0 0 6 9 15

9 0 0 0 7 10 19

10 0 0 0 4 12 15

1 0 0 0 5 10 0 11

2 0 0 0 5 9 0 9

3 0 0 0 5 12 8

4 0 0 0 5 10 0 11

5 0 0 0 5 2 X

6 0 0 0 5 11 0 11

7 0 0 0 5 9 0 13

8 0 0 0 6 10 0 9

9 0 0 0 5 8 13 X

10 0 0 0 7 13 9

Average Values for Chemical Data of Test Concentrations

Control 7.7 7.7

100 7.0 7.5

Control 7.9 7.6

100 7.2 7.3

Control 7.9 7.6

100 7.2 7.5

Control 7.8 7.8

100 7.2 7.5

Control 8.1 7.8

100 7.3 7.6

Control 7.9 7.4

100 7.3 7.2

Control 7.7 7.1

100 7.1 7.1

Control N/A N/A

100 N/A N/A

2019/03/27

2019/03/28

2019/03/29

2019/03/30

Oil-free compressed air is dispensed through airline tubing and a disposable pipette

132

502

184

500

179

503

140

495

N/A

N/A

191

516

176

487

178

496

N/A

N/A

6.4

25

7.2

7.4

6.6

6.8

6.6

6.7

6.7

6.6

Conductivity (µS/cm) DO (mg/L)

6.5

6.8

6.2

6.3

2019/04/02

3

DO (mg/L)pH

After Effluent Renewal

6.4

pH

2019/03/28

Conductivity (µS/cm)

179

4.5

6.2

Cumulative 

Mean 

Reproduction

Cumulative 

Mean % 

Mortality

2 4

3110.0%Control

1

Test Concentration 

(% vol/vol)

26

2019/03/28

2019/04/01
26

26

25

Temperature (°C)

The reference toxicity test was performed under the same experimental conditions as those used with the test sample. 

2019/03/31

Concentration 

(%/%vol)

Replicate 

number 

Comprehensive Environmental Toxicity Information System (CETIS). Tidepool Scientific Software. Version 1.9.3.0

SD of mean 

reproduction

2019/04/01

25

24

26

24.1

Temperature (°C)

2019/03/30

25

25

2019/03/27

Date

502

2019/03/29

100%

Day of Testing

20.0%

25

25

25

25 176

25
2019/03/31

171

505

N/A N/AN/A

26

499

131

496

7.3

N/A
N/A

515 8.4

N/A

500

130
2019/04/02

26

2019/04/01

2019/04/03
25

N/A
N/AN/A

7.4

N/A

8.8

9.1
2019/04/02

25

25

2019/03/31

26

25

7.8

8.1 26

Date

2019/03/302019/03/29

26

7.4

7.0

8.8

25

25

174 7.2

Guidance Document on Statistical Methods for Environmental Toxicity Tests. Environment Canada, EPS 1/RM/46 - March 2005. 

7.3

8.7

8

25

8.8

513

174

Before Effluent Renewal

26



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B921715

Quarterly Tox  SNP-A Sample Number: VK6758-01

Test Result:

Statistical Method:048 hrs Mortality %

Mean percent mortality: Sample Control         0          0

2-6°C

1 L

Mar 26, 2019 04:19 AM

Analysis Start :

End :

Mar 27, 2019 03:16 PM

Mar 29, 2019 03:22 PM

Clear and colourlessDescription:

Sample Collected By:

Sample Received: Volume Received:

Sample Collected:

Dissolved Oxygen: 11.1 mg/L

Temperature :

pH: 7.0

439 µS/cm

18 °C

120 mg CaCO 3/L

N/AAH

Mar 26, 2019 02:42 PM

Sample Conductance:

Hardness:

Site Collection:

-2 °CTemp.Upon Arrival:

Storage:

Sampling Method : N/A

Sample Name : 1645-18 Sample Matrix : Grab Water

Sample Prior to Analysis:

 Concentration
Mortality

(#)
Mortality

(%)
Immobility

(#)
Immobility

(%)

 % vol/vol 48 hrs 48 hrs 48 hrs 48 hrs

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

100 0 0 0 0

100 0 0 0 0

100 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Immobility
(#)

Immobility
(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hr 48 hrs 48 hrs

0 20 8.2 391 8.4 0 0 0 0 20 8.0 393 8.3

0 20 8.0 391 8.4 0 0 0 0 20 8.0 395 8.4

0 20 8.0 390 8.4 0 0 0 0 20 8.0 395 8.4

100 20 7.2 451 10.8 0 0 0 0 20 7.6 457 8.5

100 20 7.1 452 10.9 0 0 0 0 20 7.6 457 8.5

100 20 7.0 452 10.7 0 0 0 0 20 7.6 455 8.5

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water:

NoneComments :

Test concentration :

Photoperiod :

Pre-aeration Time : Rate of Pre-aeration :

Test Hardness Adjusted :

0,0,0,100,100,100 (% vol/vol)

25-50 mL/min/L

No

16:8 (light: dark)

30 min

Test pH Adjusted: No

15.0 mL/Daphnia

Total # of Organisms Used :

Vessel Volume :Test Volume : 150 mL

Test Temperature :

Organisms per Vessel : 10

60

Loading Density :

20 ± 2 °C

225 mL

Test Conditions

Culture Temperature :

Pseudokirchnriella and YTC at a ratio of 2 mL/L of culture daily. New cultures weekly, 63 daphnids
distributed into 6 culture vessels and 3 reproductive vessels.

% Mortality within 7 days :

26.2<24 hrs

1.6

Time To First Brood :

Daphnia magna

8 Days

Average Brood Size :

16:8 (light: dark)

Source : In House Culture

20 ± 2 °C

Culture Diet

Culture Photoperiod :

Test Organism :

Age at Test Initiation :

www.maxxam.caMaxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187

Page 1 of 2



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B921715

Quarterly Tox  SNP-A Sample Number: VK6758-01

0,1.71,2.56,3.82,5.7,8.5 g/L6.10 (4.57, 8.14) g/L Concentration :Historical Mean LC50 (warning limits) :

Untrimmed
Spearman-
Kärber

6.17 (5.50, 6.93)g/L Statistical Method :Test Endpoint 48 hrs LC50 (95% confidence interval) :

Mar 27, 2019Test Date:Sodium ChlorideReference chemical:

NoneMethod Deviations:

EPS 1/RM/14Test Method

The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Note:

Date: Apr 02, 2019 04:09 PM

Analyst :

Verified By :

Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Analyst 2

www.maxxam.caMaxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187

Page 2 of 2



RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B921715

Client Project Name & Number: Quarterly Tox  SNP-A

Job Number:DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 10.7 mg/L

Sample Collected:

Dissolved Oxygen:

Mar 27, 2019 01:20 PMAnalysis Start :

20L

Mar 26, 2019 04:19 AM

Sample Number:Description: Clear and colourless. VK6758-03

Temp.Upon Arrival: -2 °C

Site Collection:

Sample Name : 1645-18

N/A

Storage: 2-6°C

Sampling Method :

13 °C

7.1

383 µS/cmSample Conductance:

Mar 26, 2019 02:42 PM

N/A

AH

Sample Matrix : Grab Water

 Concentration
Mortality

(#)
Mortality

(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol 72 hrs 72 hrs 72 hrs 72 hrs 96 hrs 96 hr 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs

0 0 0 0 0 15 7.9 351 9.2 1 10.0 0 0

100 0 0 0 0 15 7.6 413 9.1 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hrs 48 hrs 48 hrs

0 15 7.7 347 9.0 0 0 0 0 0 0 0 0

100 14 7.2 388 9.3 0 0 0 0 0 0 0 0

Other parameters available on request.190 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

NoneComments :

Rate of Aeration

0.3 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.40 – 4.40 cm

3.96 ±  0.38 cm

daily: 1-5% biomass of trout.

0.5 ± 0.2 g

0.4 – 0.8 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 0.2%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Mar 07, 2019Test Date:

Probit9.50 (8.64, 10.3)mg/L

Reference chemical: Phenol

Statistical Method :

10.3 (8.65, 12.3) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Apr 09, 2019 09:57 AMVerified By : Date:

Analyst : Cara Shurgot, Dustin Banks, Kyle Monaghan

Natasha Lloyd, Analyst 2

Page 1 of 1

Maxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187 www.maxxam.ca



8664 Commerce Court, Burnaby, BC V5A 4N7 

Toxicity testing on samples 
VK6758-1645-18 and VK6759-1645-18B

Collected March 26, 2019

Final Report  

April 24, 2019

Submitted to: Maxxam Analytics
Burnaby, BC 



 

WO#190577 Nautilus Environmental Company Inc. i 

TABLE OF CONTENTS 

Page 

Signature Page ................................................................................................................................................................. ii 

Summary ........................................................................................................................................................................... iii 

1.0 Introduction ........................................................................................................................................................... 1 

2.0 Methods .................................................................................................................................................................. 1 

3.0 Results ...................................................................................................................................................................... 3 

4.0 QA/QC ...................................................................................................................................................................... 4 

5.0 References .............................................................................................................................................................. 5 
 

List of Tables 

Table 1. Summary of test conditions: 7-d rainbow trout (Oncorhynchus mykiss) 
embryo viability single concentration test. .............................................................................. 2 

Table 2.  Results: 7-d rainbow trout (Oncorhynchus mykiss) embryo viability single 
concentration test. ............................................................................................................................ 3 

Table 3. Reference toxicant test results. .................................................................................................... 4 
 

 

List of Appendices 

APPENDIX A – Oncorhynchus mykiss Toxicity Test Data 
APPENDIX B – Chain-of-Custody Form 
 
 
 



 

WO#190577 Nautilus Environmental Company Inc. ii 

SIGNATURE PAGE 

       
Report By: Reviewed By: 
Yvonne Lam, B.Sc.  Armando Tang, R.P.Bio
Laboratory Biologist Senior Reviewer

This report has been prepared by Nautilus Environmental Company Inc. based on data and/or 
samples provided by our client and the results of this study are for their sole benefit.  Any 
reliance on the data by a third party is at the sole and exclusive risk of that party.  The results 
presented here relate only to the samples tested. 
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SUMMARY 

Sample Information and Test Type  

Sample ID
VK6758-1645-18 
VK6759-1645-18B

Sample collection date March 26, 2019

Sample receipt date March 27, 2019

Sample receipt temperature 2.7°C and 3.4°C

Test type 7-d rainbow trout (Oncorhynchus mykiss) embryo viability

Summary of Results 

Endpoint 
Mean ± SD

Control VK6758-1645-18 Control VK6759-1645-18B 

Embryo viability 
(%) 

86.7 ± 23.1 86.7 ± 20.3 82.8 ± 27.0 81.1 ± 32.7 

SD = Standard Deviation
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1.0 INTRODUCTION
 
Nautilus Environmental Company Inc. conducted 7-d rainbow trout (Oncorhynchus mykiss) 
embryo viability toxicity tests for Maxxam Analytics on two samples identified as VK6758-1645-
18 and VK6759-1645-18B. The samples were collected on March 26, 2019 and delivered to the 
Nautilus Environmental laboratory in Burnaby, BC on March 27, 2019. The samples were each 
transported in four 10-L plastic containers and received at temperatures of 2.7 and 3.4°C. The 
samples were stored in the dark at 4 ± 2 C prior to testing. 

This report describes the results of the toxicity tests. Copies of raw laboratory data sheets and 
statistical analysis are provided in Appendix A. The chain-of-custody form is provided in 
Appendix B. 

 

2.0 METHODS 
 
The method for the 7-d rainbow trout embryo viability toxicity test is summarized in Table 1, 
and followed procedures described by Environment Canada (1998) and modified by Canaria et 
al. (1999). Statistical analyses were performed using CETIS (Tidepool Scientific Software, 2013).  
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Table 1. Summary of test conditions: 7-d rainbow trout (Oncorhynchus mykiss) 
embryo viability single concentration 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 100% (undiluted) sample, 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 endpoints Embryo viability

Test acceptability criteria for controls 

Reference toxicant Sodium dodecyl sulphate (SDS) 
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3.0 RESULTS
 
Results of the rainbow trout embryo viability toxicity tests conducted on samples VK6758-1645-
18 and VK6759-1645-18B are summarized in Table 2.  There were no statistically significant 
differences relative to the laboratory controls for either sample, with embryo viability in both 
samples 81% (v/v).  
 

Table 2.  Results: 7-d rainbow trout (Oncorhynchus mykiss) embryo viability single 
concentration test. 

Concentration 
(% v/v) 

Embryo Viability (%)
(Mean ± SD) 

VK6758-1645-18 VK6759-1645-18B 

Laboratory Control               86.7 ± 23.1 82.8 ± 27.0

100               86.7 ± 20.3 81.1 ± 32.7

SD = Standard Deviation 
The samples were not statistically significantly different relative to their respective Laboratory Control 
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4.0 QA/QC
 
The health history of the test organisms used in the exposure was acceptable and met the 
requirements of the Environment Canada protocol. The test met all control acceptability criteria 
and water quality parameters remained within ranges specified in the protocol throughout the 
test. Uncertainty associated with this test is best described by the standard deviations around 
the means and/or confidence limits around the point estimates. 
 
There were deviations from the test methodology.  The eggs were exposed using a blocked 
design (eggs from each of the four female fish were distributed separately in each of replicates 
A to D) rather than pooled, as specified in the test method. The modification was used because 
the egg quality from each female varied considerably, and blocking would minimize the effects 
of poor quality eggs from one particular female fish.  While the method specifies that a 
minimum of four female egg sources must be used, at test termination one egg source 
(Replicate A) produced results that were inconsistent with the other three.  Thus, this replicate 
was removed from the final statistical analyses.  The deviations did not seem to affect the results 
of the test and control criterion was met at the end of the exposure. 
 
Results of the reference toxicant test conducted during the testing program are summarized in 
Table 3. Results for this test fell within the acceptable range for organism performance of mean 
and two standard deviations, based on historical results obtained by the laboratory with this 
test. Thus, the sensitivity of the organisms used in this test was appropriate. The reference 
toxicant was performed under the same conditions as those used for the samples.  
 

Table 3. Reference toxicant test results. 

Test Species Endpoint 
Historical Mean

(2 SD Range) 
CV
(%) Test Date 

O. mykiss Viability (EC50): 2.2 mg/L SDS 4.1 (2.2 – 7.7) mg/L SDS 32 March 27, 2019 

SD = Standard Deviation, CV = Coefficient of Variation, EC = Effective Concentration 
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EENVFCD-00486/9

Tab: CER Report

Page 1 of 2 

Test Substance

Job and Sample ID: Test Performed By:

Date sample collected:

Test Initiation Date:

Test End Date:

Dates when subsamples used:

Dissolved Oxygen prior to test (mg/L): 9.4 Temperature (°C): 25

pH prior to test (pH units): 6.7 Conductivity (µS/cm): 513

LC50

IC50

* If outliers were removed, describe in comments. 

Comments

Test Organisms

Species: Ceriodaphnia dubia

Source of test organisms: Aquatic Biosystems, Colorado

Age of organisms at test initiation: ≤ 24 hours, within 12 hours

Unusual Appearance, behaviour or treatment  prior to use in test : None

Mean % mortality of brood organisms during 7-day period proceding test: 6.9

Number of neonates produced by each organism in its third or fourth brood: ≥8 neonates

24

Observations of ephippia: None

All test organisms used to initiate this test were taken from a series of individual cultures, that originated from the same mass culture.

The 4th brood or subsequent broods produced during the test are not included in the final statistical analysis. 

Test Facilities and Apparatus

Name address of test laboratory: Maxxam Analytics. 9331 48st NW, Edmonton, AB

Test vessels used: Fisherbrand 20 x 150 mm lime glass test tubes

Control/Dilution Water

Consists of:

4 L Perrier Brand carbonated spring water

1 mL cyanocobalamin (Vitamin B-12)

1 mL Sodium Selenate Decahydrate

Test Method

Reference method used for testing:

DDMI - 1645-18BClient Name and Sample ID:

Significant or non-significant

2019/03/27 2019/03/31

B921715- VK6759

16 L RODI from in-house system, to which the following are added:

95% UCL

Ceriodaphnia dubia  Bioassay Report

DBA, NM9, CSH

2019/03/26

2019/03/27

2019/04/03

Outliers* ( concentration-replicate)Data TransformsMethod

Untransformed

0 - 7
Wilcoxon Rank Sum Two-

Sample Test

0.5- 10

Fisher Exact Test

Log- X

n/a

UntransformedEffect

IC50

Spearman-Karber

Non-Significant

Non-Significant

7 day Reproduction 

Result

1.50

Effect

1.38

1.29

2019/03/28 2019/04/01

2019/03/29 2019/04/02

2019/03/30

Test Results Method Outliers* ( concentration-replicate)

N/A

Log- X

n/a

Linear Interpolation

Data Transforms

N/A

Shewart

Sample Test 

Results (% 

vol/vol)

7 day Survival Result

Control Chart 

Data (g/L)

7 day Survival Result

95% LCLEndpoint

Reference 

Toxicant Test 

Results (g/L)

7 day Survival Result LC50 1.27

Reference Toxicant Results

Mean number of neonates per adult during first 3 broods in 7 days: 

1.13 1.36

7 day Reproduction 

Result

1.02

7 day Reproduction 

Result

1.55 2.36

0.867 1.67

Biological Test Method: Test of Reproduction and Survival Using the Cladoceran Ceriodaphnia dubia . Environment Canada, 

EPS 1/RM/21 Second Edition - February 2007

1.20
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Tab: CER Report

Page 2 of 2 

Did the following occur during sample preparations:

Filtered: No

Adjusted for hardness: No

Adjusted for pH: No

Frequency of observations: 24 ± 1 hour

Frequency of water quality measurements: Daily

Design and description of any specialized procedure: N/A

Program used for statistical calculations:

Reference method used for statistical calculations:

 Test Conditions and Procedures

Number of test solutions: 20

Number of test concentrations: 1 and a negative control

Concentrations tested (%): 100

Units of tested concentrations: % vol/vol

Number of replicates: 10

Volume of test solutions: ≥ 15 mL

Depth of test solutions: ≥ 5 cm

Individuals per test vessel: 1

Was pre-aeration performed: Yes

Procedure: Oil-free compressed air is dispensed through airline tubing and a disposable pipette

Rate: ≤ 100 bubbles / minute

Duration: 20 minutes

Dates where pre-aeration occurred:

Aeration during testing: None

Refer to comments section for any deviations. 

Refer to comments section for any deviations regarding reference toxicity testing. 

Ceriodaphnia dubia Survival and Reproduction Observations

Note: Mortalities are indicated by an "X" in the column and row of the concentration, replicate and day of occurance. If organism was not used for testing, this will be indicated by "N/A" in mortality and neonate columns for the replicate.

5 6 7

neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality neonates Mortality

1 0 0 0 5 8 0 15

2 0 0 0 5 10 13

3 0 0 0 0 10 18

4 0 0 0 4 11 0 16

5 0 0 0 5 10 0 15

6 0 0 0 7 10 16

7 0 0 0 4 11 0 X

8 0 0 0 7 10 0 16

9 0 0 0 5 9 12

10 0 0 3 0 8 7

1 0 0 0 6 9 0 11

2 0 0 0 4 9 0 11

3 0 0 0 5 13 8

4 0 0 0 6 8 0 13

5 0 0 0 6 11 0 13

6 0 0 0 7 10 0 14

7 0 0 0 5 10 0 13

8 0 0 0 6 7 0 14

9 0 0 0 0 14 12

10 0 0 0 6 10 11

Average Values for Chemical Data of Test Concentrations

Control 7.8 7.7

100 7.0 7.4

Control 7.9 7.5

100 7.0 7.3

Control 7.9 7.7

100 7.0 7.3

Control 7.9 7.8

100 7.0 7.5

Control 8.1 7.8

100 7.1 7.5

Control 8.0 7.4

100 7.1 7.3

Control 7.7 7.4

100 7.0 7.2

Control N/A N/A

100 N/A N/A

2019/03/30

2019/03/27

2019/03/28

2019/03/29

518

175

Before Effluent Renewal

26

25

25

173 7.3

Guidance Document on Statistical Methods for Environmental Toxicity Tests. Environment Canada, EPS 1/RM/46 - March 

7.5

8.8

8

25

8.9

7.1

9.1

26

25

7.7

8.6 26

Date

2019/03/302019/03/29

26

7.5

9.2

8.7
2019/04/02

24

24

2019/03/31

2019/04/03
25

N/A
N/AN/A

7.6

N/A
N/A

N/A

517 8.7

N/A

502

130
2019/04/02

26

2019/04/01

172

509

N/A N/AN/A

26

503

127

501

7.4

100%

Day of Testing

0.0%

25

25

25

25 176

25
2019/03/31

25

27.2

Temperature (°C)

2019/03/30

24

25

2019/03/27

Date

507

2019/03/29

24

25

2019/04/01

The reference toxicity test was performed under the same experimental conditions as those used with the test sample. 

2019/03/31

Concentration 

(%/%vol)

Replicate 

number 

Comprehensive Environmental Toxicity Information System (CETIS). Tidepool Scientific Software. Version 1.9.3.0

SD of mean 

reproduction

Control

1

Test Concentration 

(% vol/vol)

25

2019/03/28

2019/04/01
26

26

24

Temperature (°C)

6.0

2.0

Cumulative 

Mean 

Reproduction

Cumulative 

Mean % 

Mortality

2 4

2710.0%

2019/04/02

3

DO (mg/L)pH

After Effluent Renewal

6.6

pH

2019/03/28

Conductivity 

(µS/cm)

180

Conductivity (µS/cm) DO (mg/L)

6.7

6.9

6.4

6.4

6.6

25

7.3

7.4

6.7

6.7

6.8

7.4

6.6

6.5

N/A

N/A

189

515

173

480

178

493

N/A

N/A

133

501

180

502

178

507

136

453



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B921715

Quarterly Tox  SNP-A Sample Number: VK6759-01

Test Result:

Statistical Method:048 hrs Mortality %

Mean percent mortality: Sample Control         0          0

2-6°C

1 L

Mar 26, 2019 04:15 AM

Analysis Start :

End :

Mar 27, 2019 03:19 PM

Mar 29, 2019 03:29 PM

Clear and colourless.Description:

Sample Collected By:

Sample Received: Volume Received:

Sample Collected:

Dissolved Oxygen: 10.9 mg/L

Temperature :

pH: 6.9

442 µS/cm

19 °C

120 mg CaCO 3/L

N/AAH

Mar 26, 2019 02:42 PM

Sample Conductance:

Hardness:

Site Collection:

-2 °CTemp.Upon Arrival:

Storage:

Sampling Method : N/A

Sample Name : 1645-18B Sample Matrix : Grab Water

Sample Prior to Analysis:

 Concentration
Mortality

(#)
Mortality

(%)
Immobility

(#)
Immobility

(%)

 % vol/vol 48 hrs 48 hrs 48 hrs 48 hrs

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

100 0 0 0 0

100 0 0 0 0

100 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Immobility
(#)

Immobility
(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hr 48 hrs 48 hrs

0 20 8.0 389 8.5 0 0 0 0 20 8.0 395 8.4

0 20 7.9 391 8.4 0 0 0 0 20 8.0 398 8.3

0 20 8.1 391 8.4 0 0 0 0 20 8.0 392 8.4

100 20 7.0 456 10.7 0 0 0 0 20 7.6 463 8.5

100 20 7.0 456 10.8 0 0 0 0 20 7.6 460 8.5

100 20 6.9 455 10.7 0 0 0 0 20 7.5 466 8.4

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water:

NoneComments :

Test concentration :

Photoperiod :

Pre-aeration Time : Rate of Pre-aeration :

Test Hardness Adjusted :

0,0,0,100,100,100 (% vol/vol)

25-50 mL/min/L

No

16:8 (light: dark)

30 min

Test pH Adjusted: No

15.0 mL/Daphnia

Total # of Organisms Used :

Vessel Volume :Test Volume : 150 mL

Test Temperature :

Organisms per Vessel : 10

60

Loading Density :

20 ± 2 °C

225 mL

Test Conditions

Culture Temperature :

Pseudokirchnriella and YTC at a ratio of 2 mL/L of culture daily. New cultures weekly, 63 daphnids
distributed into 6 culture vessels and 3 reproductive vessels.

% Mortality within 7 days :

19.9<24 hrs

3.2

Time To First Brood :

Daphnia magna

8 Days

Average Brood Size :

16:8 (light: dark)

Source : In House Culture

20 ± 2 °C

Culture Diet

Culture Photoperiod :

Test Organism :

Age at Test Initiation :

www.maxxam.caMaxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187

Page 1 of 2



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B921715

Quarterly Tox  SNP-A Sample Number: VK6759-01

0,1.71,2.56,3.82,5.7,8.5 g/L6.10 (4.57, 8.14) g/L Concentration :Historical Mean LC50 (warning limits) :

Untrimmed
Spearman-
Kärber

6.17 (5.50, 6.93)g/L Statistical Method :Test Endpoint 48 hrs LC50 (95% confidence interval) :

Mar 27, 2019Test Date:Sodium ChlorideReference chemical:

NoneMethod Deviations:

EPS 1/RM/14Test Method

The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Note:

Date: Apr 02, 2019 04:11 PM

Analyst :

Verified By :

Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Analyst 2

www.maxxam.caMaxxam Analytics 9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187

Page 2 of 2



RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B921715

Client Project Name & Number: Quarterly Tox  SNP-A

Job Number:DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 11.6 mg/L

Sample Collected:

Dissolved Oxygen:

Mar 27, 2019 01:20 PMAnalysis Start :

20 L

Mar 26, 2019 04:15 AM

Sample Number:Description: Clear and colourless VK6759-03

Temp.Upon Arrival: -2 °C

Site Collection:

Sample Name : 1645-18B

N/A

Storage: 2-6°C

Sampling Method :

13 °C

6.8

387 µS/cmSample Conductance:

Mar 26, 2019 02:42 PM

N/A

AH

Sample Matrix : Grab Water

 Concentration
Mortality

(#)
Mortality

(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol 72 hrs 72 hrs 72 hrs 72 hrs 96 hrs 96 hr 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs

0 0 0 0 0 15 8.0 352 9.0 0 0 0 0

100 0 0 0 0 15 7.5 416 8.8 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hrs 48 hrs 48 hrs

0 15 7.8 347 9.0 0 0 0 0 0 0 0 0

100 14 6.9 374 10.6 0 0 0 0 0 0 0 0

Other parameters available on request.190 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

NoneComments :

Rate of Aeration

0.2 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.40 – 3.90 cm

3.73 ±  0.13 cm

daily: 1-5% biomass of trout.

0.4 ± 0.1 g

0.4 – 0.5 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 0.2%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Mar 07, 2019Test Date:

Probit9.50 (8.64, 10.3)mg/L

Reference chemical: Phenol

Statistical Method :

10.3 (8.65, 12.3) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Apr 09, 2019 10:00 AMVerified By : Date:

Analyst : Cara Shurgot, Dustin Banks, Kyle Monaghan

Natasha Lloyd, Analyst 2
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SUMMARY 

Sample Information and Test Type 

Sample ID VM7449-1645-18 and VM7450-1645-18B 

Sample collection date April 8, 2019 

Sample receipt date April 11, 2019 

Sample receipt temperature 4.8  4.9°C 

Test types 72-h Pseudokirchneriella subcapitata growth inhibition 

 
 

Summary of Results 

% (v/v) 
Cell Yield (Mean ± SD) 

VM7449-1645-18 VM7450-1645-18B 

Laboratory Control 38.6 ± 3.1 38.2 ± 2.7 

95.2 90.0 ± 5.1* 86.8 ± 5.4* 

SD = Standard Deviation 
* = indicates cell yield that was significantly greater than the laboratory control 
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1.0 INTRODUCTION 
 
Nautilus Environmental Company Inc. conducted a 72-h Pseudokirchneriella subcapitata growth 
inhibition toxicity test for Maxxam Analytics on samples identified as VM7449-1645-18 and 
VM7450-1645-18B. The samples were collected on April 8, 2019 and delivered to the Nautilus 
Environmental laboratory in Burnaby, BC on April 11, 2019. Samples were transported in two 1-L 
plastic containers each and were received at temperatures of 4.9 and 4.8°C. The sample was 
stored in the dark at 4  2 C prior to testing.  
 
This report describes the results of the toxicity tests. Copies of raw laboratory data sheets and 
statistical analyses are provided in Appendix A. The chain-of-custody form is provided in 
Appendix B. 

2.0 METHODS 
 
Methods for the toxicity tests are summarized in Table 1. Testing was conducted according to 
procedures described by Environment Canada (2007). Statistical analyses were performed using 
CETIS (Tidepool Scientific Software, 2013). 
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Table 1.  Summary of test conditions: 72-h 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 
Full strength sample diluted to 95.2% (v/v) with nutrients, 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 (2007), 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 
when analyzed using Mann-Kendall test 

Reference toxicant Zinc (added as ZnSO4) 
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3.0 RESULTS 
 
The results of the toxicity test on samples VM7449-1645-18 and VM7450-1645-18B are 
summarized in Table 2.  Significant stimulatory effects on cell yield were observed in both 
samples. Percent stimulation was 133% for sample VM7449-1645-18 and 126.8% for sample 
VM7450-1645-18B. 

Table 2. Results: 72-h Pseudokirchneriella subcapitata growth inhibition test. 

Concentration  
(% v/v) 

Mean ± SD 

VM7449-1645-18 VM7450-1645-18B 

Cell Yield  
(x 104  cells/mL) 

Stimulation  
(%) 

Cell Yield  
(x 104  cells/mL)  

Stimulation  
(%) 

Laboratory Control 38.6  3.1 -- 38.2 ± 2.7 -- 

95.2 90.0 ± 5.1* 133.0 86.8 ± 5.4* 126.8 

SD = Standard Deviation 
* = indicates cell yield that was significantly greater than the laboratory control 
 

4.0 QA/QC 
 
The health history of the test organisms used in the exposure was acceptable and met the 
requirements of the Environment Canada protocol. The test met all control acceptability criteria 
and water quality parameters remained within ranges specified in the protocol throughout the 
tests. There were no deviations from the test methodology. Uncertainty associated with the test 
is best described by the standard deviation around the mean and/or the confidence intervals 
around the point estimates. 
 
Results of the reference toxicant test conducted during the testing program are summarized in 
Table 3. Results for this test fell within the range for organism performance of the mean and two 
standard deviations, based on historical results obtained by the laboratory with this test. Thus, 
the sensitivity of the organisms used in the test was appropriate. The reference toxicant test was 
performed under the same conditions as those used for the sample. 

Table 3.  Reference toxicant results. 

Test Species Endpoint Historical Mean 
(2 SD Range) 

CV 
(%) Test Date 

P. subcapitata Growth (IC50): 32.5 µg/L Zn 31.0 (25.0  38.5) 11 March 29, 2019 

SD = Standard Deviation, CV = Coefficient of Variation, IC = Inhibition Concentration 
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RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B950328

Quarterly Tox  SNP-A Sample Number: VY7818-01

Test Result:

Statistical Method:048 hrs Mortality %

Mean percent mortality: Sample Control         0          0

2-6°C

1 L

Jun 25, 2019 12:18 AM

Analysis Start :

End :

Jun 27, 2019 01:35 PM

Jun 29, 2019 02:19 PM

Clear, ColourlessDescription:

Sample Collected By:

Sample Received: Volume Received:

Sample Collected:

Dissolved Oxygen: 9.9 mg/L

Temperature :

pH: 6.9

443 µS/cm

20 °C

100 mg CaCO 3/L

N/AAH

Jun 25, 2019 01:41 PM

Sample Conductance:

Hardness:

Site Collection:

7 °CTemp.Upon Arrival:

Storage:

Sampling Method : N/A

Sample Name : 1645-18 Sample Matrix : Water

Sample Prior to Analysis:

 Concentration
Mortality

(#)
Mortality

(%)
Immobility

(#)
Immobility

(%)

 % vol/vol 48 hrs 48 hrs 48 hrs 48 hrs

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

100 0 0 0 0

100 0 0 0 0

100 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Immobility
(#)

Immobility
(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hr 48 hrs 48 hrs

0 21 8.1 355 8.2 0 0 0 0 20 8.2 336 8.2

0 21 8.1 358 8.2 0 0 0 0 20 8.2 339 8.2

0 21 8.0 358 8.2 0 0 0 0 20 8.2 342 8.2

100 20 7.2 452 10.0 0 0 0 0 20 7.6 428 8.2

100 20 7.0 451 9.4 0 0 0 0 19 7.5 430 8.3

100 20 6.9 452 10.0 0 0 0 0 20 7.6 428 8.2

Other parameters available on request.160 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water:

NoneComments :

Test concentration :

Photoperiod :

Pre-aeration Time : Rate of Pre-aeration :

Test Hardness Adjusted :

0,0,0,100,100,100 (% vol/vol)

25-50 mL/min/L

No

16:8 (light: dark)

30 min

Test pH Adjusted: No

15.0 mL/Daphnia

Total # of Organisms Used :

Vessel Volume :Test Volume : 150 mL

Test Temperature :

Organisms per Vessel : 10

60

Loading Density :

20 ± 2 °C

225 mL

Test Conditions

Culture Temperature :

Pseudokirchnriella and YTC at a ratio of 2 mL/L of culture daily. New cultures weekly, 63 daphnids
distributed into 6 culture vessels and 3 reproductive vessels.

% Mortality within 7 days :

28.1<24 hrs

4.8

Time To First Brood :

Daphnia magna

8 Days

Average Brood Size :

16:8 (light: dark)

Source : In House Culture

20 ± 2 °C

Culture Diet

Culture Photoperiod :

Test Organism :

Age at Test Initiation :

Bureau Veritas Laboratories   9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187   www.bvlabs.com

Page 1 of 2



RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B950328

Quarterly Tox  SNP-A Sample Number: VY7818-01

0,1.71,2.56,3.82,5.7,8.5 g/L5.99 (4.39, 8.18) g/L Concentration :Historical Mean LC50 (warning limits) :

Untrimmed
Spearman-
Kärber

5.26 (4.69, 5.91)g/L Statistical Method :Test Endpoint 48 hrs LC50 (95% confidence interval) :

Jun 25, 2019Test Date:Sodium ChlorideReference chemical:

NoneMethod Deviations:

EPS 1/RM/14Test Method

The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Note:

Date: Jul 03, 2019 04:27 PM

Analyst :

Verified By :

Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Team Lead, Bioassay

Bureau Veritas Laboratories   9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187   www.bvlabs.com
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B950328

Client Project Name & Number: Quarterly Tox  SNP-A

Job Number:DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 10.3 mg/L

Sample Collected:

Dissolved Oxygen:

Jun 27, 2019 10:56 AMAnalysis Start :

20 L

Jun 25, 2019 12:18 AM

Sample Number:Description: CLEAR, COLOURLESS VY7818-02

Temp.Upon Arrival: 7 °C

Site Collection:

Sample Name : 1645-18

N/A

Storage: 2-6°C

Sampling Method :

14 °C

6.9

388 µS/cmSample Conductance:

Jun 25, 2019 01:41 PM

N/A

AH

Sample Matrix : Water

 Concentration
Mortality

(#)
Mortality

(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol 72 hrs 72 hrs 72 hrs 72 hrs 96 hrs 96 hr 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs

0 0 0 0 0 15 7.7 379 8.6 0 0 0 0

100 0 0 0 0 15 7.4 413 8.8 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hrs 48 hrs 48 hrs

0 15 7.9 367 9.1 0 0 0 0 0 0 0 0

100 14 7.1 392 9.8 0 0 0 0 0 0 0 0

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

NoneComments :

Rate of Aeration

0.2 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.40 – 4.20 cm

3.75 ±  0.26 cm

daily: 1-5% biomass of trout.

0.4 ± 0.1 g

0.3 – 0.5 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 0%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Jun 20, 2019Test Date:

Probit10.0 (9.12, 10.9)mg/L

Reference chemical: Phenol

Statistical Method :

10.5 (8.73, 12.6) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Jul 15, 2019 01:33 PMVerified By : Date:

Analyst : Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Team Lead, Bioassay

Page 1 of 1
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8664 Commerce Court, Burnaby, BC V5A 4N7 

Toxicity testing on samples 
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Final Report  
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Submitted to: Bureau Veritas Laboratories
Burnaby, BC 
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This report has been prepared by Nautilus Environmental Company Inc. based on data and/or 
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reliance on the data by a third party is at the sole and exclusive risk of that party.  The results 
presented here relate only to the samples tested. 
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SUMMARY 

Sample Information and Test Type  

Sample ID
VY7818-1645-18
VY7819-1645-18B 

Sample collection date June 25, 2019

Sample receipt date June 27, 2019

Sample receipt temperature 3.6°C and 2.7°C

Test type

72-h Pseudokirchneriella subcapitata growth inhibition

Ceriodaphnia dubia survival and reproduction 

7-d rainbow trout (Oncorhynchus mykiss) embryo viability  

Summary of Results 

Endpoint 
Mean ± SD

Control VY7818-1645-18 Control VY7819-1645-18B 

P. subcapitata   

Cell Yield     
(x104 cells/mL) 

39.8 ± 3.5 118.2 ± 4.6* 39.6 ± 3.8 107.2 ± 7.7* 

Ceriodaphnia 
dubia    

Survival (%) 100 100 90 100

Reproduction 
(mean ± SD) 17.5 ± 2.8 20.1 ± 4.6 19.4 ± 5.7 18.5 ± 4.7 

Oncorhynchus 
mykiss    

Embryo viability 
(%) 

74.4 ± 9.8 67.5 ± 5.0 70.7 ± 9.0 80.7 ± 4.2 

SD = Standard Deviation 
* = Indicates cell yield was significantly greater than the control 
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1.0 INTRODUCTION
 
Nautilus Environmental Company Inc. conducted sub-lethal toxicity tests for Bureau Veritas 
Laboratories on two samples identified as VY7818-1645-18 and VY7819-1645-18B. The samples 
were collected on June 25, 2019 and delivered to the Nautilus Environmental laboratory in 
Burnaby, BC on June 27, 2019. The samples were each transported in nine 1-L and four 10-L 
plastic containers and received at temperatures of 3.6 and 2.7°C.  The samples were stored in 
the dark at 4 ± 2 C prior to testing.  The following toxicity tests were performed on the samples: 
 

72-h Pseudokirchneriella subcapitata growth inhibition  
Ceriodaphnia dubia survival and reproduction 
7-d rainbow trout (Oncorhynchus mykiss) embryo viability 

 
Testing for C. dubia and O. mykiss was initiated on June 27, 2019, and P. subcapitata testing was 
initiated on June 28, 2019. 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 C. The chain-of-custody form is provided in Appendix D. 

 

2.0 METHODS 
 
The samples were tested at 100% single-concentration only, and the methods are summarized 
in Tables 1 to 3.  Testing for C. dubia and P. subcapitata was conducted according to procedures 
described by Environment Canada (2007a and 2007b). The O. mykiss test followed procedures 
described by Environment Canada (1998) and modified by Canaria et al. (1999).  Statistical 
analyses were performed using CETIS (Tidepool Scientific Software, 2013).  
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Table 1. Summary of test conditions: Pseudokirchneriella subcapitata growth 
inhibition single concentration 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 
Full strength sample diluted to 95.2% (v/v) with nutrients, 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 (2007a), EPS 1/RM/25 

Statistical software CETIS Version 1.9.4

Test endpoints Algal cell growth inhibition 

Test acceptability criteria for controls 
>16-
when analyzed using Mann-Kendall test 

Reference toxicant Zinc (added as ZnSO4) 
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Table 2. Summary of test conditions: Ceriodaphnia dubia survival and reproduction 
single concentration 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 100% (undiluted) sample, 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 TCC1 (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 (2007b), EPS 1/RM/21 

Statistical software CETIS Version 1.9.4

Test endpoints Survival and reproduction

Test acceptability criteria for controls 
broods; no ephippia present 

Reference toxicant Sodium chloride (NaCl) 
1 TCC = Trout chow and Cerophyl 
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Table 3. Summary of test conditions: 7-d rainbow trout (Oncorhynchus mykiss) 
embryo viability single concentration 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 100% (undiluted) sample, 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 endpoints Embryo viability

Test acceptability criteria for controls 

Reference toxicant Sodium dodecyl sulphate (SDS) 
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3.0 RESULTS
 
Results of the single-concentration toxicity tests on samples VY7818-1645-18 and VY7819-1645-
18B are summarized in Tables 4 to 6.   
 
No adverse effects were observed on P. subcapitata cell yield (Table 4) for either sample; 
however, enhanced algal growth was observed in both samples and the percent stimulation 
were 198% and 171%.  For C. dubia (Table 5), there were no significant differences observed in 
either sample relative to their respective laboratory controls in either survival or reproduction.  
There were also no statistically significant differences in either sample for O. mykiss (Table 6) 
relative to their respective laboratory controls, with embryo viability in both samples 67% (v/v).  
 

Table 4. Results: Pseudokirchneriella subcapitata growth inhibition single 
concentration test. 

 
Concentration 

(% v/v) 

Sample ID

VY7818-1645-18 VY7819-1645-18B 

Cell Yield (x 104 
cells/mL) 

(Mean ± SD) 
Stimulation (%) 

Cell Yield (x 104

cells/mL) 
(Mean ± SD) 

Stimulation (%) 

Laboratory Control 39.8 ± 3.5 -- 39.6 ± 3.8 --

100 118.2 ± 4.6* 197.5 107.2 ± 7.7* 170.7

SD = Standard Deviation 
* = Indicates cell yield was significantly greater than the laboratory control 
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Table 5. Results: Ceriodaphnia dubia survival and reproduction single concentration 
test. 

 
Concentration 

(% v/v) 

Sample ID

VY7818-1645-18 VY7819-1645-18B

Survival (%) 
Reproduction
(Mean ± SD) 

Survival (%) 
Reproduction
(Mean ± SD) 

Laboratory Control 100 17.5 ± 2.8 90 19.4 ± 5.7

100 100 20.1 ± 4.6 100 18.5 ± 4.7

SD = Standard Deviation 
The samples were not statistically significantly different relative to their respective Laboratory Control 

Table 6.  Results: 7-d rainbow trout (Oncorhynchus mykiss) embryo viability single 
concentration test. 

Concentration 
(% v/v) 

Sample ID 

VY7818-1645-18 VY7819-1645-18B 

Embryo viability (%)
(Mean ± SD)

Embryo viability (%)
(Mean ± SD)

Laboratory Control 74.4 ± 9.8 70.7 ± 9.0 

100 67.5 ± 5.0 80.7 ± 4.2 

SD = Standard Deviation 
The samples were not statistically significantly different relative to their respective Laboratory Control 
 
 
 
 
 
 
 
 
 
 
 
  



 

WO# 191291 - 191293 Nautilus Environmental Company Inc. 7 

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 
deviations around the means and/or confidence limits around the point estimates. 
 
There was a deviation from the test methodology in the O. mykiss embryo viability test.  The 
eggs were exposed using a blocked design (eggs from each of the four female fish were 
distributed separately in each of replicates A to D) rather than pooled, as specified in the test 
method. The modification was used because the egg quality from each female varied 
considerably, and blocking would minimize the effects of poor quality eggs from one particular 
female fish.  The deviation did not seem to affect the results of the test and control criterion was 
met at the end of the exposure. 
 
Results of the reference toxicant tests conducted during the testing program are summarized in 
Table 7. Results for these tests fell within the acceptable range for organism performance of 
mean and two standard deviations, based on historical results obtained by the laboratory with 
these tests. Thus, the sensitivities of the organisms used in the tests were appropriate. The 
reference toxicants were performed under the same conditions as those used for the samples.  
 

Table 7.  Reference toxicant test results. 

Test Species Endpoint 
Historical Mean 

(2 SD Range) 
CV 
(%) 

Test Date 

P. subcapitata Growth (IC50): 29.6 µg/L Zn 31.0 (25.2 – 38.3) µg/L Zn 10 June 28, 2019 

C. dubia 
Survival (LC50): 2.1 g/L NaCl 2.0 (1.8 – 2.2) g/L NaCl 5 

June 19, 2019 
Reproduction (IC50): 1.9 g/L NaCl 1.5 (1.0 – 2.3) g/L NaCl 20 

O. mykiss Viability (EC50): 4.1 mg/L SDS 3.8 (2.3 – 6.0) mg/L SDS 24 June 27, 2019 

SD = Standard Deviation, CV = Coefficient of Variation, LC = Lethal Concentration, IC = Inhibition Concentration,  
EC = Effective Concentration 
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APPENDIX A – Pseudokirchneriella subcapitata Toxicity Test Data 































 

APPENDIX B – Ceriodaphnia dubia Toxicity Test Data

























 

APPENDIX C – Oncorhynchus mykiss Toxicity Test Data



























 

APPENDIX D – Chain-of-Custody Form 
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RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B950328

Quarterly Tox  SNP-A Sample Number: VY7819-01

Test Result:

Statistical Method:048 hrs Mortality %

Mean percent mortality: Sample Control         0          0

2-6°C

1 L

Jun 25, 2019 12:10 AM

Analysis Start :

End :

Jun 27, 2019 01:38 PM

Jun 29, 2019 02:21 PM

Clear, colourlessDescription:

Sample Collected By:

Sample Received: Volume Received:

Sample Collected:

Dissolved Oxygen: 9.9 mg/L

Temperature :

pH: 6.9

434 µS/cm

20 °C

100 mg CaCO 3/L

N/AAH

Jun 25, 2019 01:41 PM

Sample Conductance:

Hardness:

Site Collection:

7 °CTemp.Upon Arrival:

Storage:

Sampling Method : N/A

Sample Name : 1645-18B Sample Matrix : Water

Sample Prior to Analysis:

 Concentration
Mortality

(#)
Mortality

(%)
Immobility

(#)
Immobility

(%)

 % vol/vol 48 hrs 48 hrs 48 hrs 48 hrs

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

100 0 0 0 0

100 0 0 0 0

100 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Immobility
(#)

Immobility
(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hr 48 hrs 48 hrs

0 21 8.1 358 8.1 0 0 0 0 20 8.1 339 8.2

0 21 8.1 358 8.1 0 0 0 0 20 8.1 341 8.3

0 21 8.0 358 8.1 0 0 0 0 20 8.1 340 8.3

100 20 7.0 454 9.9 0 0 0 0 20 7.6 428 8.2

100 20 6.9 454 9.9 0 0 0 0 20 7.6 429 8.3

100 20 6.9 454 9.9 0 0 0 0 20 7.6 429 8.3

Other parameters available on request.160 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water:

NoneComments :

Test concentration :

Photoperiod :

Pre-aeration Time : Rate of Pre-aeration :

Test Hardness Adjusted :

0,0,0,100,100,100 (% vol/vol)

25-50 mL/min/L

No

16:8 (light: dark)

30 min

Test pH Adjusted: No

15.0 mL/Daphnia

Total # of Organisms Used :

Vessel Volume :Test Volume : 150 mL

Test Temperature :

Organisms per Vessel : 10

60

Loading Density :

20 ± 2 °C

225 mL

Test Conditions

Culture Temperature :

Pseudokirchnriella and YTC at a ratio of 2 mL/L of culture daily. New cultures weekly, 63 daphnids
distributed into 6 culture vessels and 3 reproductive vessels.

% Mortality within 7 days :

21.6<24 hrs

6.3

Time To First Brood :

Daphnia magna

8 Days

Average Brood Size :

16:8 (light: dark)

Source : In House Culture

20 ± 2 °C

Culture Diet

Culture Photoperiod :

Test Organism :

Age at Test Initiation :

Bureau Veritas Laboratories   9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187   www.bvlabs.com
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RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B950328

Quarterly Tox  SNP-A Sample Number: VY7819-01

0,1.71,2.56,3.82,5.7,8.5 g/L5.99 (4.39, 8.18) g/L Concentration :Historical Mean LC50 (warning limits) :

Untrimmed
Spearman-
Kärber

5.26 (4.69, 5.91)g/L Statistical Method :Test Endpoint 48 hrs LC50 (95% confidence interval) :

Jun 25, 2019Test Date:Sodium ChlorideReference chemical:

NoneMethod Deviations:

EPS 1/RM/14Test Method

The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Note:

Date: Jul 03, 2019 04:28 PM

Analyst :

Verified By :

Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Team Lead, Bioassay

Bureau Veritas Laboratories   9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187   www.bvlabs.com
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B950328

Client Project Name & Number: Quarterly Tox  SNP-A

Job Number:DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 10.1 mg/L

Sample Collected:

Dissolved Oxygen:

Jun 27, 2019 10:56 AMAnalysis Start :

20 L

Jun 25, 2019 12:10 AM

Sample Number:Description: CLEAR, COLOURLESS VY7819-02

Temp.Upon Arrival: 7 °C

Site Collection:

Sample Name : 1645-18B

N/A

Storage: 2-6°C

Sampling Method :

14 °C

6.8

389 µS/cmSample Conductance:

Jun 25, 2019 01:41 PM

N/A

AH

Sample Matrix : Water

 Concentration
Mortality

(#)
Mortality

(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol 72 hrs 72 hrs 72 hrs 72 hrs 96 hrs 96 hr 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs

0 0 0 0 0 15 7.8 376 8.8 0 0 0 0

100 0 0 0 0 15 7.3 412 8.7 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hrs 48 hrs 48 hrs

0 15 7.9 366 9.0 0 0 0 0 0 0 0 0

100 14 7.0 392 9.5 0 0 0 0 0 0 0 0

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

NoneComments :

Rate of Aeration

0.2 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

120 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.50 – 4.20 cm

3.83 ±  0.19 cm

daily: 1-5% biomass of trout.

0.5 ± 0.1 g

0.4 – 0.6 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 0%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Jun 20, 2019Test Date:

Probit10.0 (9.12, 10.9)mg/L

Reference chemical: Phenol

Statistical Method :

10.5 (8.73, 12.6) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Jul 15, 2019 01:35 PMVerified By : Date:

Analyst : Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Team Lead, Bioassay

Page 1 of 1
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RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B979875

Monthly (13,18,18B) SNP-A Sample Number: WN6547-01

Test Result:

Statistical Method:048 hrs Mortality %

Mean percent mortality: Sample Control         0          0

2-6°C

1 L

Sep 16, 2019 03:54 PM

Analysis Start :

End :

Sep 20, 2019 12:07 PM

Sep 22, 2019 01:01 PM

Clear, colourlessDescription:

Sample Collected By:

Sample Received: Volume Received:

Sample Collected:

Dissolved Oxygen: 9.7 mg/L

Temperature :

pH: 7.2

604 µS/cm

19 °C

140 mg CaCO 3/L

N/AAH

Sep 20, 2019 04:18 PM

Sample Conductance:

Hardness:

Site Collection:

13 °CTemp.Upon Arrival:

Storage:

Sampling Method : N/A

Sample Name : 1645-18 Sample Matrix : Grab Water

Sample Prior to Analysis:

 Concentration
Mortality

(#)
Mortality

(%)
Immobility

(#)
Immobility

(%)

 % vol/vol 48 hrs 48 hrs 48 hrs 48 hrs

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

100 0 0 0 0

100 0 0 0 0

100 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Immobility
(#)

Immobility
(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hr 48 hrs 48 hrs

0 21 8.1 341 8.1 0 0 0 0 20 8.1 330 8.4

0 21 8.2 346 7.9 0 0 0 0 20 8.1 341 8.3

0 21 8.2 346 7.9 0 0 0 0 20 8.1 339 8.3

100 20 7.3 617 9.4 0 0 0 0 20 7.7 614 8.3

100 20 7.2 620 9.4 0 0 0 0 20 7.6 620 8.3

100 20 7.2 619 9.3 0 0 0 0 20 7.7 620 8.3

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water:

NoneComments :

Test concentration :

Photoperiod :

Pre-aeration Time : Rate of Pre-aeration :

Test Hardness Adjusted :

0,0,0,100,100,100 (% vol/vol)

25-50 mL/min/L

No

16:8 (light: dark)

30 min

Test pH Adjusted: No

15.0 mL/Daphnia

Total # of Organisms Used :

Vessel Volume :Test Volume : 150 mL

Test Temperature :

Organisms per Vessel : 10

60

Loading Density :

20 ± 2 °C

225 mL

Test Conditions

Culture Temperature :

Pseudokirchnriella and YTC at a ratio of 2 mL/L of culture daily. New cultures weekly, 63 daphnids
distributed into 6 culture vessels and 3 reproductive vessels.

% Mortality within 7 days :

31.7<24 hrs

0

Time To First Brood :

Daphnia magna

10 Days

Average Brood Size :

16:8 (light: dark)

Source : In House Culture

20 ± 2 °C

Culture Diet

Culture Photoperiod :

Test Organism :

Age at Test Initiation :

Bureau Veritas Laboratories   9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187   www.bvlabs.com
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RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B979875

Monthly (13,18,18B) SNP-A Sample Number: WN6547-01

0,1.71,2.56,3.82,5.7,8.5 g/L6.01 (4.52, 8.00) g/L Concentration :Historical Mean LC50 (warning limits) :

Untrimmed
Spearman-
Kärber

6.69 (6.20, 7.21)g/L Statistical Method :Test Endpoint 48 hrs LC50 (95% confidence interval) :

Sep 07, 2019Test Date:Sodium ChlorideReference chemical:

NoneMethod Deviations:

EPS 1/RM/14Test Method

The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Note:

Date: Sep 26, 2019 02:43 PM

Analyst :

Verified By :

Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Team Lead, Bioassay

Bureau Veritas Laboratories   9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187   www.bvlabs.com
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B979875

Client Project Name & Number: Monthly (13,18,18B) SNP-A

Job Number:DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 9.4 mg/L

Sample Collected:

Dissolved Oxygen:

Sep 21, 2019 12:16 PMAnalysis Start :

20 L

Sep 16, 2019 03:54 PM

Sample Number:Description: CLEAR, COLOURLESS WN6547-11

Temp.Upon Arrival: 13 °C

Site Collection:

Sample Name : 1645-18

N/A

Storage: 2-6°C

Sampling Method :

14 °C

7.0

526 µS/cmSample Conductance:

Sep 20, 2019 04:18 PM

N/A

AH

Sample Matrix : Grab Water

 Concentration
Mortality

(#)
Mortality

(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol 72 hrs 72 hrs 72 hrs 72 hrs 96 hrs 96 hr 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs

0 0 0 0 0 14 7.8 291 8.9 0 0 0 0

100 0 0 0 0 14 7.4 547 9.0 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hrs 48 hrs 48 hrs

0 14 8.0 287 8.9 0 0 0 0 0 0 0 0

100 14 7.1 534 9.4 0 0 0 0 0 0 0 0

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

NoneComments :

Rate of Aeration

0.2 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

30 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.00 – 4.50 cm

3.72 ±  0.46 cm

daily: 1-5% biomass of trout.

0.4 ± 0.2 g

0.2 – 0.8 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 0%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Sep 18, 2019Test Date:

Probit9.99 (9.10, 10.8)mg/L

Reference chemical: Phenol

Statistical Method :

9.95 (7.10, 13.9) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Oct 02, 2019 03:04 PMVerified By : Date:

Analyst : Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Team Lead, Bioassay

Page 1 of 1
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Office  604 734 7276 

Toll  Free  800 665 8566 

Fax  604 731 2386 

www.bvlabs.com 
BUREAU VERITAS LABORATORIES 

4606 Canada Way 

Burnaby, BC  V5G 1K5 

CERIODAPHNIA DUBIA SURVIVAL 
AND REPRODUCTION TESTS ON: 
1645-18 AND 1645-18B 

SAMPLING DATE: SEPTEMBER 
17, 2019 
 

Prepared for: 
Diavik Diamond Mines Inc. 
PO. Box 2498 
300-5201 – 50th Ave. 
Yellowknife, NT 
Canada    X1A 2P8 

Prepared by: 
Ecotoxicology Group 
Bureau Veritas Laboratories 

 
Job No.: B978381 
October 2019 

 



 

 

Results for the Ceriodaphnia dubia Partial Life-Cycle Toxicity Test  
Collected 2019 September 17 

Job B978381 

 

Sample: 1645-18 

Test Significant Effect 

Ceriodaphnia dubia: Survival 
Reproduction 

No 
No 

 

Sample: 1645-18B 

Test Significant Effect 

Ceriodaphnia dubia: Survival 
Reproduction 

No 
No 

 



 

Ceriodaphnia dubia Test Data Summary 

Client Name/Location Diavik Diamond Mines Inc. / Yellowknife, NT 
Testing Lab/Location Bureau Veritas Laboratories / Burnaby, BC 
Collection Approach 2 samples each collected as 4 separate containers 
Test Type Static-renewal 

Effluent Sample  
Sample name 1645-18 and 1645-18B 
Information on labelling/coding See Chain of Custody form 
Sample collection date (y/m/d) 2019/Sep/17 
Date (y/m/d)/time of sample receipt at lab 2019/Sep/17 @ 16:15 

Test Organisms  
Species  Ceriodaphnia dubia 
Source In-house culture started from organisms obtained from 

Aquatic Research Organisms, Hampton, NH. 
Age at start of test <24 hours old; within 12 hours of each other 
Unusual appearance, behaviour or treatment 
of test organisms, before use in test 

None  

Mean percent mortality of brood in 7d 
preceding test 

The mean percent mortality was 1.45. See 
“Ceriodaphnia Culture Health - Mortality Records" sheet 

Mean number of surviving young produced 
per adult in culture during 7d preceding test 

The mean number of surviving young was 30.5. See 
“Ceriodaphnia Culture Health – Mortality and Mean 
Neonates” 

Number of young produced in the 3rd or 
subsequent brood 

See “Ceriodaphnia dubia - Clearing Records” 

Ephippia in the culture No Ephippia present 
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Test Conditions & Facilities  

Test method BBY2 SOP-00001 Ceriodaphnia dubia Chronic Survival 
and Reproduction Test 
EPS 1/RM/21, 2nd Ed., February 2007 

Dates or days when subsamples used See “Initial Measurements and Observations” sheet 
Date test started (y/m/d)  2019/Sep/19 
Date (y/m/d) of test completion 2019/Sep/25 
Test vessels 20 mL glass culture tubes 
Persons performing test G. Matharu, T. Wollelo, N. Shergill 
Rate of preaeration  Minimal and controlled (100 bubbles/min) 
Duration of preaeration  See “Initial Measurements and Observations” sheet 
Rate/duration of aeration during test No aeration 
Procedure for pH adjustment  No pH adjustment of samples 
Procedure for filtration  1645-18: Sample was not filtered 

1645-18B: Sample was filtered through a 60µm nytex 
mesh to remove native organisms on day 5 of test 

Source of control/dilution water & quantity of 
chemicals added  

Lab Control - Type I deionized water hardened to 92 
mg/L CaCO3 with 20% Perrier water, Vitamin B12 & 
Selenium 

Number and concentration of test solutions 100% and lab control 
Volume and depth of solution in test vessels 15 mL & 9 cm 
Number of replicates per conc. 10 
Number of organisms per test vessel 1 
DO & pH of sample just before its use See “Initial Measurements and Observations”  
Temperature, DO, & pH of test solutions and 
controls 

See daily water quality on “Observation and 
Measurements” 

Test solution renewal intervals See “Initial Measurements and Observations” 
Test observations and/or deviations from 
test method and standard practices 

There was nothing unusual about the tests, no 
deviations from test method, and no problems with the 
tests. 

Outliers? 1645-18: Yes, replicate 1 of the control was determined 
to be an outlier for reproduction; however, it was not 
removed from the statistical analysis. 
1645-18B: Yes, replicate 6 and 9 of the control were 
both determined to be outliers for reproduction; 
however, they were not removed from the statistical 
analysis. 



Bureau Veritas Laboratories - Ceriodaphnia Data Summary  3 

QA  
Did the test pass the test validity criteria of:  

 
 
Mean mortality of the control adults is ≤20% 

 
 
Average of ≥15 neonates/surviving adult in 
the controls 
 
3 broods produced by ≥60% of control 
organisms by the end of the 8th day. 

Did Lab controls meet validity criteria? 
1645-18: Yes 
1645-18B: Yes 

Mean mortality in Lab controls: 
1645-18: 0% 
1645-18B: 10% 

Average live young produced/surviving adult: 
1645-18:  21.3 
1645-18B: 22.3 

Percent of Lab control organisms producing 3 broods: 
1645-18: 80% 
1645-18B: 80% 

Reference toxicant test LC50 (95% CL) (mg 
NaCl/L) for survival 

1579 (1424, 1751) 
 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for survival 

1826 
2SD (1514, 2202) 

Reference toxicant test IC50 (95% CL) (mg 
NaCl/L) for reproduction 

1305 (1220, 1408) 
 

Reference toxicant test historic mean & 2SD 
range (mg NaCl/L) for reproduction 

1454 
2SD (1110, 1904) 

Invalid Reference toxicant test? No 
Date of reference toxicant test (y/m/d) and 
duration 

2019/Sep/05 
6 days 

Conditions of reference toxicant test Same as test conditions 
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This report has been prepared by Nautilus Environmental Company Inc. based on data and/or 
samples provided by our client and the results of this study are for their sole benefit. Any 
reliance on the data by a third party is at the sole and exclusive risk of that party. The results 
presented here relate only to the samples tested. 
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SUMMARY 

Sample Information and Test Type 

Sample ID WM9244-1645-18 and WM9245-1645-18B

Sample collection date September 17, 2019 

Sample receipt date September 19, 2019 

Sample receipt temperature 2.3 to 2.9°C

Test types 72-h Pseudokirchneriella subcapitata growth inhibition

Summary of Results 

Endpoint 
Mean ± SD 

Control WM9244-1645-18 WM9245-1645-18B

Cell Yield (x104 cells/mL) 
30.2 ± 2.0 89.2 ± 7.6* -- 

34.0 ± 2.4 -- 96.5 ± 10.8* 

SD = Standard Deviation 
* = Indicates cell yield was significantly greater than the control 
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1.0 INTRODUCTION
 
Nautilus Environmental Company Inc. conducted a 72-h Pseudokirchneriella subcapitata growth 
inhibition toxicity test for Bureau Veritas Laboratories on samples identified as WM9244-1645-
18 and WM9245-1645-18B. The samples were collected on September 17, 2019 and delivered to 
the Nautilus Environmental laboratory in Burnaby, BC on September 19, 2019. The samples were 
collected in 1-L plastic containers and were received at temperatures of 2.3 and 2.9°C. The 
samples were stored in the dark at 4  2 C prior to testing.  
 
This report describes the results of the toxicity test. Copies of raw laboratory data sheets and 
statistical analyses are provided in Appendix A. The chain-of-custody form is provided in 
Appendix B. 

2.0 METHODS 
 
Methods for the toxicity tests are summarized in Table 1. Testing was conducted according to 
procedures described by Environment Canada (2007). Statistical analyses were performed using 
CETIS (Tidepool Scientific Software, 2013). 
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Table 1. Summary of test conditions: Pseudokirchneriella subcapitata growth 
inhibition single concentration 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 
Full strength sample diluted to 95.2% (v/v) with nutrients, 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 (2007), EPS 1/RM/25 

Statistical software CETIS Version 1.9.4

Test endpoints Algal cell growth inhibition 

Test acceptability criteria for controls 
>16-
when analyzed using Mann-Kendall test 

Reference toxicant Zinc (added as ZnSO4) 
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3.0 RESULTS
 
The results of the toxicity tests on samples WM9244-1645-18 and WM9245-1645-18B are 
summarized in Table 2.  Cell yield was significantly greater than the laboratory control; percent 
stimulation was 195.0% for WM9244-1645-18 and 183.8% for WM9245-1645-18B. 
 

Table 2. Results: Pseudokirchneriella subcapitata growth inhibition single 
concentration test. 

Sample ID Cell Yield (x 104 cells/mL)
(Mean ± SD) 

Stimulation (%) 

Laboratory Control 30.2 ± 2.0 -- 

WM9244-1645-18 89.2 ± 7.6* 195.0

Laboratory Control 34.0 ± 2.4 -- 

WM9245-1645-18B 96.5 ± 10.8* 183.8

SD = Standard Deviation 
* = Indicates cell yield was significantly greater than the laboratory control 

4.0 QA/QC 
 
The health history of the test organisms used in the exposure was acceptable and met the 
requirements of the Environment Canada protocol. The tests met all control acceptability criteria 
and water quality parameters remained within ranges specified in the protocol throughout the 
tests. There were no deviations from the test methodology. Uncertainty associated with the tests 
are best described by the standard deviation around the mean and/or the confidence intervals 
around the point estimates. 

Result of the reference toxicant test conducted during the testing program is summarized in 
Table 3. Results for this test fell within the range for organism performance of the mean and two 
standard deviations, based on historical results obtained by the laboratory with this test. Thus, 
the sensitivity of the organisms used in the test was appropriate. The reference toxicant test was 
performed under the same conditions as those used for the sample. 
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Table 3. Reference toxicant results.

Test Species Endpoint
Historical Mean

(2 SD Range) 
CV
(%) Test Date

P. subcapitata Growth (IC50): 31.8 µg/L Zn 31.1 (25.1 – 38.6) 11 September 20, 2019

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

5.0 REFERENCES 
 
Environment Canada. 2007. Biological test method: growth inhibition test using the freshwater 

alga. Environmental Protection Series, Report EPS 1/RM/25. Second Edition, March 2007. 
Environment Canada, Method Development and Application Section, Environmental Science 
and Technology Centre, Science and Technology Branch, Ottawa, ON. 53 pp. 

 
Tidepool Scientific Software. 2013. CETIS comprehensive environmental toxicity information 

system, version 1.9.4.11 Tidepool Scientific Software, McKinleyville, CA. 275 pp.
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RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B979875

Monthly (13,18,18B) SNP-A Sample Number: WN6548-01

Test Result:

Statistical Method:048 hrs Mortality %

Mean percent mortality: Sample Control         0          0

2-6°C

1 L

Sep 16, 2019 04:14 PM

Analysis Start :

End :

Sep 20, 2019 12:09 PM

Sep 22, 2019 01:02 PM

Clear, ColourlessDescription:

Sample Collected By:

Sample Received: Volume Received:

Sample Collected:

Dissolved Oxygen: 10.2 mg/L

Temperature :

pH: 7.1

608 µS/cm

19 °C

140 mg CaCO 3/L

N/AAH

Sep 20, 2019 04:18 PM

Sample Conductance:

Hardness:

Site Collection:

13 °CTemp.Upon Arrival:

Storage:

Sampling Method : N/A

Sample Name : 1645-18B Sample Matrix : Grab Water

Sample Prior to Analysis:

 Concentration
Mortality

(#)
Mortality

(%)
Immobility

(#)
Immobility

(%)

 % vol/vol 48 hrs 48 hrs 48 hrs 48 hrs

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

100 0 0 0 0

100 0 0 0 0

100 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Immobility
(#)

Immobility
(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hr 48 hrs 48 hrs

0 21 8.2 342 7.9 0 0 0 0 19 8.1 343 8.4

0 21 8.2 344 7.7 0 0 0 0 20 8.1 340 8.4

0 21 8.2 344 7.7 0 0 0 0 20 8.1 339 8.4

100 20 7.2 618 9.6 0 0 0 0 20 7.7 615 8.4

100 20 7.2 618 9.6 0 0 0 0 20 7.6 616 8.4

100 20 7.1 622 9.5 0 0 0 0 20 7.6 625 8.3

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water:

NoneComments :

Test concentration :

Photoperiod :

Pre-aeration Time : Rate of Pre-aeration :

Test Hardness Adjusted :

0,0,0,100,100,100 (% vol/vol)

25-50 mL/min/L

No

16:8 (light: dark)

30 min

Test pH Adjusted: No

15.0 mL/Daphnia

Total # of Organisms Used :

Vessel Volume :Test Volume : 150 mL

Test Temperature :

Organisms per Vessel : 10

60

Loading Density :

20 ± 2 °C

225 mL

Test Conditions

Culture Temperature :

Pseudokirchnriella and YTC at a ratio of 2 mL/L of culture daily. New cultures weekly, 63 daphnids
distributed into 6 culture vessels and 3 reproductive vessels.

% Mortality within 7 days :

31.7<24 hrs

0

Time To First Brood :

Daphnia magna

10 Days

Average Brood Size :

16:8 (light: dark)

Source : In House Culture

20 ± 2 °C

Culture Diet

Culture Photoperiod :

Test Organism :

Age at Test Initiation :

Bureau Veritas Laboratories   9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187   www.bvlabs.com
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RESULTS OF DAPHNIA MAGNA SINGLE CONCENTRATION-100%

DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Client Project Name & Number:

Job Number: B979875

Monthly (13,18,18B) SNP-A Sample Number: WN6548-01

0,1.71,2.56,3.82,5.7,8.5 g/L6.01 (4.52, 8.00) g/L Concentration :Historical Mean LC50 (warning limits) :

Untrimmed
Spearman-
Kärber

6.69 (6.20, 7.21)g/L Statistical Method :Test Endpoint 48 hrs LC50 (95% confidence interval) :

Sep 07, 2019Test Date:Sodium ChlorideReference chemical:

NoneMethod Deviations:

EPS 1/RM/14Test Method

The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Note:

Date: Sep 26, 2019 02:44 PM

Analyst :

Verified By :

Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Team Lead, Bioassay

Bureau Veritas Laboratories   9331 - 48th Street, Edmonton, Alberta  T6B 2R4  Tel: (780) 577-7100  Fax: (780) 450-4187   www.bvlabs.com
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RESULTS OF RAINBOW TROUT SINGLE CONCENTRATION-100%

B979875

Client Project Name & Number: Monthly (13,18,18B) SNP-A

Job Number:DIAVIK DIAMOND MINES INC., YELLOWKNIFE 4388Client :

Test Result:

Statistical Method:0 Visual96 hrs Mortality %

Sample Received:

Volume Received:Sample Collected By:

Temperature :

pH: 9.4 mg/L

Sample Collected:

Dissolved Oxygen:

Sep 21, 2019 12:16 PMAnalysis Start :

20 L

Sep 16, 2019 04:14 PM

Sample Number:Description: CLEAR, COLOURLESS WN6548-11

Temp.Upon Arrival: 13 °C

Site Collection:

Sample Name : 1645-18B

N/A

Storage: 2-6°C

Sampling Method :

14 °C

6.9

517 µS/cmSample Conductance:

Sep 20, 2019 04:18 PM

N/A

AH

Sample Matrix : Grab Water

 Concentration
Mortality

(#)
Mortality

(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Temperature
(°C)

pH
(pH)

Conductivity
(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol 72 hrs 72 hrs 72 hrs 72 hrs 96 hrs 96 hr 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs 96 hrs

0 0 0 0 0 14 7.8 290 9.1 0 0 0 0

100 0 0 0 0 14 7.3 546 8.9 0 0 0 0

 Concentration
Temperature

(°C)
pH

(pH)
Conductivity

(uS/cm)

Dissolved
Oxygen
(mg/L)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

Mortality
(#)

Mortality
(%)

Atypical
Behaviour

(#)

Atypical
Behaviour

(%)

 % vol/vol Start Start Start Start 24 hrs 24 hrs 24 hrs 24 hrs 48 hrs 48 hrs 48 hrs 48 hrs

0 14 7.9 288 8.9 0 0 0 0 0 0 0 0

100 14 7.0 526 9.3 0 0 0 0 0 0 0 0

Other parameters available on request.180 mg/L CaCO3Hardness:

City of Edmonton dechlorinated tap waterCulture/Control/Dilution Water

NoneComments :

Rate of Aeration

0.2 g/L

Vessel Volume :Test Volume : No

Pre-aeration Time :Total # of Organisms Used :

Photoperiod :

Test concentration :

Test pH Adjusted:

Test Temperature :

6.5±1 mL/min/L

20 L

16:8 (light: dark)

Test Conditions

20

10

Loading Density :

>15 cm

0,100 (% vol/vol)

30 min.

38L

Organisms per Vessel : Solution Depth :15 ± 1 °C

Rainbow Trout (Oncorhynchus mykiss)

3.00 – 3.90 cm

3.37 ±  0.24 cm

daily: 1-5% biomass of trout.

0.3 ± 0.1 g

0.2 – 0.5 g Length (Range) :

Length (Mean) +- SD :

Feeding rate and frequency :

Weight (Mean) +- SD :

Weight (Range) :

15 ± 2 °CCulture Temperature :

Culture Water Renewal : ≥ 1.0 L/min/kg fish

% Mortality within 7 days : 0%16:8 (light: dark)

Source : Spring Valley Trout Hatchery

Culture Photoperiod :

Test Organism :

Acclimation Time: >14 days

0,8,10,12,15,20 mg/LHistorical Mean LC50 (warning limits) : Concentration :

Sep 18, 2019Test Date:

Probit9.99 (9.10, 10.8)mg/L

Reference chemical: Phenol

Statistical Method :

9.95 (7.10, 13.9) mg/L

Test Endpoint 96 hrs LC50 (95% confidence interval) :

EPS 1/RM/13Test Method

Method Deviations : None

Note: The results contained in this report refer only to the testing of the sample submitted. This report may not be reproduced, except in its
entirety, without the written approval of the laboratory.

Oct 02, 2019 03:05 PMVerified By : Date:

Analyst : Cara Shurgot, Dustin Banks, Kyle Monaghan

Dustin Banks, Team Lead, Bioassay

Page 1 of 1
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SIGNATURE PAGE 
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SUMMARY 

Sample Information and Test Type  

Sample ID
WT4468-1645-18 
WT4469-1645-18B 

Sample collection date October 22, 2019 

Sample receipt date October 23, 2019 

Sample receipt temperature 3.9°C and 2.0°C

Test type 7-d rainbow trout (Oncorhynchus mykiss) embryo viability

Summary of Results 

Endpoint 
Mean ± SD 

Control WT4468-1645-18 Control WT4469-1645-18B 

Embryo viability 
(%) 

84.3 ± 1.9 79.1 ± 21.8 82.8 ± 12.9 82.5 ± 15.2 

SD = Standard Deviation
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1.0 INTRODUCTION
 
Nautilus Environmental Company Inc. conducted 7-d rainbow trout (Oncorhynchus mykiss) 
embryo viability toxicity tests for Bureau Veritas Laboratories on two samples identified as 
WT4468-1645-18 and WT4469-1645-18B. The samples were collected on October 22, 2019 and 
delivered to the Nautilus Environmental laboratory in Burnaby, BC on October 23, 2019. The 
samples were each transported in four 10-L plastic containers and received at temperatures of 3.9 
and 2.0°C. The samples were stored in the dark at 4 ± 2 C prior to testing. 
 
This report describes the results of the toxicity tests. Copies of raw laboratory data sheets and 
statistical analysis are provided in Appendix A. The chain-of-custody form is provided in Appendix 
B. 

 

2.0 METHODS 
 
The method for the 7-d rainbow trout embryo viability toxicity test is summarized in Table 1, and 
followed procedures described by Environment Canada (1998) and modified by Canaria et al. 
(1999). Statistical analyses were performed using CETIS (Tidepool Scientific Software, 2013).  
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Table 1. Summary of test conditions: 7-d rainbow trout (Oncorhynchus mykiss) 
embryo viability single concentration 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 100% (undiluted) sample, 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 endpoints Embryo viability

Test acceptability criteria for controls

Reference toxicant Sodium dodecyl sulphate (SDS) 
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3.0 RESULTS
 
Results of the rainbow trout embryo viability toxicity tests conducted on samples WT4468-1645-
18 and WT4469-1645-18B are summarized in Table 2.  There was no statistically significant 
difference relative to their respective laboratory control for either sample, with embryo viability in 
both samples 79% (v/v).  
 

Table 2.  Results: 7-d rainbow trout (Oncorhynchus mykiss) embryo viability single 
concentration test. 

Concentration 
(% v/v) 

Embryo Viability (%)
(Mean ± SD) 

WT4468-1645-18 WT4469-1645-18B

Laboratory Control 84.3 ± 1.9               82.8 ± 12.9

100  79.1 ± 21.8               82.5 ± 15.2

SD = Standard Deviation 
The samples were not statistically significantly different relative to their respective Laboratory Control 
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4.0 QA/QC
 
The health history of the test organisms used in the exposure was acceptable and met the 
requirements of the Environment Canada protocol. The test met all control acceptability criteria 
and water quality parameters remained within ranges specified in the protocol throughout the 
test. Uncertainty associated with this test is best described by the standard deviations around the 
means and/or confidence limits around the point estimates. 
 
There were deviations from the test methodology.  The eggs were exposed using a blocked design 
(eggs from each of the four female fish were distributed separately in each of replicates A to D) 
rather than pooled, as specified in the test method. The modification was used because the egg 
quality from each female varied considerably, and blocking would minimize the effects of poor 
quality eggs from one particular female fish.  This deviation did not seem to affect the results of 
the tests and control criterion was met at the end of the exposure. 
 
Results of the reference toxicant test conducted during the testing program are summarized in 
Table 3. Results for this test fell within the acceptable range for organism performance of mean 
and two standard deviations, based on historical results obtained by the laboratory with this test. 
Thus, the sensitivity of the organisms used in this test was appropriate. The reference toxicant was 
performed under the same conditions as those used for the samples.  
 

Table 3. Reference toxicant test results. 

Test Species Endpoint Historical Mean
(2 SD Range) 

CV 
(%) Test Date 

O. mykiss Viability (EC50): 4.5 mg/L SDS 4.2 (2.1 – 8.4) mg/L SDS 36 October 23, 2019 

SD = Standard Deviation, CV = Coefficient of Variation, EC = Effective Concentration 
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