
 
 
 
 
 

           Bruce J. Donald 
            Reclamation Manager 
 
September 28, 2005 
 
 
 
Prairie & Northern Region 
Environment Canada 
Room 200, 4999 98th Ave. 
Edmonton, AB  T6B 2X3 
 
 
Attention: Jenny Ferone, Regional EEM Coordinator  

Peter Blackall, Regional Director of Environmental Protection 
    
 
Dear Jenny Ferone and Peter Blackall; 
 
Re: REVISED Polaris Mine 2004 Annual MMER and EEM Report  
 
This revised report is being submitted in response to the August 9, 2005 letter from Jenny Ferone (Environment 

Canada) to Bruce Donald (Teck Cominco Metals Ltd.), regarding purported reporting deficiencies for the Polaris 

Mine 2004 Annual Report (provided in Appendix F). Azimuth staff prepared the initial 2004 Annual Report and 

have addressed the issues identified in the August 9th letter within this Revised 2004 Annual Report. In addition, 

Azimuth responded to each specific reporting issue in a letter sent to Environment Canada on behalf of Teck 

Cominco, dated September 14, 2005 (provided in Appendix G). Within this letter, Azimuth identified sections of 

the original report where some of the deficient data were presented and requested further guidance and 

clarification from Environment Canada on some of the reviewers’ comments. Azimuth has not heard back to date, 

and has prepared this Revised 2004 Annual Report according to the assumptions and interpretations stated in the 

September 14th letter. Teck Cominco and Azimuth will ensure that all required information will be included in 

future reports.  

 

Please find attached the REVISED 2004 Polaris Mine Annual Report.  There was one non-compliant 

concentration related to Schedule 4 limits (TSS) as previously reported.  There were no non-compliant results of 

the acute lethality tests during the year.  

 

The following is included in our Revised 2004 Annual Report: 



1. Requirements under Schedule 6 
• Identification of Site, Owner, Location, etc. 
• Non-Compliance information  
• Table 1 – Monthly Mean Concentrations, pH Range and Volume of Effluent 
• Table 2 – Results of Acute Lethality Tests and Daphnia Magna Monitoring Tests 

 
2. Requirements under Part 1 Section 8  

• Results of studies conducted under Part 1, Section 4 (Effluent Characterization) (Table 3, Table 5) 
• Results of studies conducted under Part 1, Section 5 (Sublethal Toxicity Testing) (Table 6, Table 7, 

Appendix A, B, C and E) (Note that within Appendices A, B, and C, ** denotes the sections where 
reporting issues from the August 9th letter have been addressed)  

• Results of studies conducted under Part 1, Section 7 (Water Quality Monitoring) (Table 4, Table 5) 
 

3. Additional Appendices 
• Appendix D – acute toxicity testing reports 
• Appendix F – Letter from Environment Canada to Teck Cominco Metals Ltd., dated August 9, 2005 
• Appendix G – Letter from Azimuth Consulting Group to Environment Canada, dated September 14, 

2005. 
• Appendix H – Polaris Mine – Revised 2004 3rd Quarter Metal Mining Effluent Regulations Report 

(dated March 22, 2005) 
 
 
As in the initial 2004 Annual Report, the revised 3rd Quarter regulatory data set is included in this submission in 

Appendix H. This data was revised to ensure consistency between the hardcopy and online RISS system reports.  

 

The MMER and EEM data required to be reported in electronic format were submitted electronically through the 

RISS online system in March 2005, and no additional information was requested for this report format.  In 

addition to this hardcopy report, an electronic pdf version of this report is being emailed to you (e-mailed 

September 28, 2005). 

 

If you have any questions regarding the annual report or aspects of the application of the MMER to the Polaris 

Mine, please feel free to contact me. 

 

Yours truly, 

 

Original signed by B. Donald 

Bruce Donald 

 

Attachments:  2004 MMER Annual Report; Revised 2004 3rd Quarter Regulatory Data Tables 

cc:   Randy Baker (Azimuth Consulting Group) 

 Ken Russell (Environment Canada) 



The following information is to be submitted for each final discharge point.

Mine Name :
Mine Operator :

Address :

Telephone :
E-mail :

Location of Final Discharge point :
Reporting Period :

Date of Report :

Non-Compliance Information

There was one non-compliant effluent discharge during 2004 (I.e., TSS of 117 mg/L, July 7, 2004), with 
respect to Schedule 4 limits. Upon receiving the results from the lab, this exceedance was reported to 
Environment Canada regulatory authorites in a letter dated August 12, 2004. The exceedance was due to 
the initial ice melt unplugging Garrow Lake, resulting in a flushing of sediment.  There were no other non-
compliant concentrations of substances during this initial flow, and TSS dropped to values of approximately 
3-15 mg/L in all subsequent sampling events.  Upon review of the information, Environment Canada 
recommended no further action in a letter date January 11, 2005 from Sidney Bruinsma. There were no non-
compliant acute lethality tests during 2004, including tests performed on the July 7, 2004 sample.

INFORMATION TO BE INCLUDED IN ANNUAL REPORT SUMMARY

Polaris Mine
Cominco Mining Partnership and Teck Cominco Metals Lt
Bag 2000

V1A 3E1
Kimberley, BC

March 21, 2005.

(250) 427-8405 Bruce Donald
bruce.donald@teckcominco.com
Garrow Lake Former Dam at 75o22'32"N, 96o48'37"W.
January 1, 2004 to December 31, 2004.

MMER 2004 Annual Report 3/22/2005



Jan. ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Feb. ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Mar. ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Apr. ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
May ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
June ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
July 0.0015 0.0011 0.0050 0.0014 0.0024 0.0980 32.0000 0.0090 7.90 - 8.05 4066913.00
Aug. 0.0004 0.0012 0.0051 0.0019 0.0081 0.0508 6.1000 0.0074 7.84 - 8.04 324551.00
Sept. ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Oct. ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Nov. ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
Dec. ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

(1) Any measurement not taken because there was no deposit from the final discharge point shall be identified by the letters "ND" - (No Deposit)

(2) Any measurement not taken because no measurement was required in accordance with the conditions set out in section 13 of the Regulations shall be identified by the letters 
"NMR" - (No Measurement Required).

Effluent 
Volume (m3)Month

As    
(mg/L)

Cu   
(mg/L)

CN   
(mg/L)

Pb   
(mg/L)

Ni   
(mg/L)

Zn   
(mg/L)

TABLE 1

TSS 
(mg/L)

Ra   
(Bq/L)

MONTHLY MEAN CONCENTRATIONS, pH RANGE AND VOLUME OF EFFLUENT (1)(2)

pH range
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Date 
Sample 

Collected

Effluent Acutely 
Lethal to 

Rainbow Trout   
(yes or no)

Effluent Acutely 
Lethal to 

Daphnia magna   
(yes or no)

7/7/2004 No No
7/27/2004 No No
8/24/2004 No No

TABLE 2

RESULTS OF ACUTE LETHALITY TESTS AND 
DAPHNIA MAGNA MONITORING TESTS

MMER 2004 Annual Report 3/18/2005



REVISED Table 3. Effluent Characterization Results (Part 1, Section 4) 
Effluent Characterization from Final Discharge Point - Garrow Lake Former Dam / Syphons
Northing: 75°22'32"
Easting: 96°48'37"

Facility Name:
FDP Name:

7/7/2004 7/27/2004 8/17/2004 8/24/2004
Sample Method: Grab Grab Grab Grab

Parameter Units
Detection 

Limit Methods1

Hardness mg/L 1400 483 973 1380 2.7 EPA Method 3005A, ICPOES (EPA Method 6010B)4

Alkalinity mg/L 138 62.4 111 128 1.0 APHA Method 2320 (potentiometric titration)
Aluminum mg/L 0.34 0.021 <0.1 <0.1 0.1 SPR-IDA2, Graphite Furnace Atomic Absorption Spectrophotometry
Cadmium mg/L 0.000588 0.00014 0.00023 0.000335 0.0002 SPR-IDA2, ICPMS3

Iron mg/L 0.487 0.084 0.042 0.014 0.01 SPR-IDA2, Flame Atomic Absorption Spectrophotometry
Mercury mg/L <0.00001 <0.00001 <0.00001 <0.00001 0.00001 Cold Vapour Atomic Florescence Spectrophotometry 

Molybdenum mg/L <0.005 0.0013 <0.005 <0.005 0.005 ICPMS3

Ammonia mg/L 0.071 <0.02 0.146 0.133 0.02 APHA Method 4500-NH3 (selective ion electrode)
Nitrate mg/L 0.277 0.0644 0.525 0.531 0.01, 0.02 APHA Method 4110 (determination of inorganic ions by ion chromatography)
Arsenic mg/L <0.001 <0.001 <0.0002 <0.0002 0.001, 0.0002 Hydride-Vapour Atomic Absorption Spectrophotometry
Copper mg/L 0.00265 0.000518 0.00121 0.00134 0.00005 SPR-IDA2, ICPMS3

Cyanide mg/L <0.005 <0.005 <0.005 <0.005 0.005 APHA Method 4500-CN (cynate hydrolosis using an ammonia selective electrode)
Lead mg/L 0.00269 0.00157 0.00177 0.00119 0.00005 SPR-IDA2, ICPMS3

Nickel mg/L 0.00442 0.00207 0.00644 0.00967 0.00005 SPR-IDA2, ICPMS3

Zinc mg/L 0.198 0.0429 0.0418 0.0498 0.0005 SPR-IDA2, ICPMS3

TSS mg/L 117 <3 5.3 4.4 3.0 APHA Method 2540 (filtration through glass fibre filter)
Radium 226 Bq/L 0.02 <0.005 0.01 0.008 0.005 Radio Chemistry5

pH pH units 8.05 7.87 7.95 7.84 0.01 APHA Method 4500-H (pH electrode)

Notes:
1Original data reports are available upon request
2SPR-IDA = Suspended Particulate Resin consisting of immobilized iminodiacetate on a divinyl benzene polymer is used to chelate and preconcentrate metals

 in seawater (preparation technique). 
3Instrumental analysis is by ICPMS = Inductively Coupled Mass Spectrometry.
4This analysis is carried out using procedures adapted from "StandardMethods for the Examination of Water and Wastewater" 20th Edition 1998, 
published by the American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by
the USEPA.  The procedures may involve preliminary sample treatment by acid digestion, using either hotplate or microwave oven, or filtration (EPA Method 3005A).
Instrumental analysis is by inductively coupled plasma - optical emissionspectrophotometry  ICPOES (EPA Method 6010B).

Teck Cominco Metals Limited - Polaris Mine 
(Little Cornwallis Island)
Garrow Lake Syphons

Sampling Date:

5All radium isotopes in the sample solution are separated  by coprecipitation with lead sulfate. The precipitate is redissolved and the radium isotopes are separated by 
coprecipitation with barium sulfate. The precipitate is filtered and mounted on a stainless steel disk.  It is then counted on an alpha spectrometer.  The radium 226 alpha 
energy is distinct and the peak can be clearly identified.



REVISED Table 4. Water Quality Monitoring Results (Part 1, Section 7) 

Station:

Description:
Northing:
Easting:

Facility Name:
FDP Name:
Area Name:
Sampling Date: 7/27/2004 8/17/2004 8/24/2004 8/17/2004 8/24/2004
Sample Method: Grab Grab Grab Grab Grab

Parameters Units
Detection 

Limit Methods1

Hardness mg/L 482 2270 1750 2960 1560 2.7 EPA Method 3005A, ICPOES (EPA Method 6010B)4

Alkalinity mg/L 37.5 45 38.8 46 36.1 1.0 APHA Method 2320 (potentiometric titration)
Aluminum mg/L 0.033 <0.1 <0.1 <0.1 <0.1 0.1 SPR-IDA2, Graphite Furnace Atomic Absorption Spectrophotometry
Cadmium mg/L 0.00007 <0.00002 0.000028 <0.00002 <0.00002 0.0002 SPR-IDA2, ICPMS3

Iron mg/L 0.046 <0.01 <0.01 <0.01 <0.01 0.01 SPR-IDA2, Flame Atomic Absorption Spectrophotometry
Mercury mg/L <0.00005 <0.00001 <0.00001 <0.00001 <0.00001 0.00001 Cold Vapour Atomic Florescence Spectrophotometry 
Molybdenum mg/L 0.00156 <0.005 <0.005 0.0062 <0.005 0.005 ICPMS3

Ammonia mg/L <0.02 <0.02 0.02 <0.02 <0.02 0.02 APHA Method 4500-NH3 (selective ion electrode)
Nitrate mg/L 0.0372 <0.02 <0.02 <0.02 <0.02 0.02 APHA Method 4110 (determination of inorganic ions by ion chromatography)
Arsenic mg/L <0.001 <0.0002 0.00027 0.00044 <0.0002 0.001, 0.0002 Hydride-Vapour Atomic Absorption Spectrophotometry
Copper mg/L 0.000405 0.000216 0.000209 0.000231 0.000205 0.00005 SPR-IDA2, ICPMS3

Cyanide mg/L <0.005 <0.005 <0.005 <0.005 <0.005 0.005 APHA Method 4500-CN (cynate hydrolosis using an ammonia selective electrode)
Lead mg/L 0.00026 <0.00005 0.000267 0.000052 <0.00005 0.00005 SPR-IDA2, ICPMS3

Nickel mg/L 0.000979 0.000252 0.000267 0.000217 0.000186 0.00005 SPR-IDA2, ICPMS3

Zinc mg/L 0.0242 0.00118 0.00092 0.0005 <0.0005 0.0005 SPR-IDA2, ICPMS3

TSS mg/L 3.7 3.3 8.4 9.3 7 3.0 APHA Method 2540 (filtration through glass fibre filter)
Radium226 Bq/L <0.005 <0.005 0.006 <0.005 <0.005 0.005 Radio Chemistry5

pH pH units 7.91 7.79 7.64 7.92 7.62 0.01 APHA Method 4500-H (pH electrode)
Water Temperature °C 0.2 0.2 0.9 0.1 1.2 - Field - Campbell Scientific Hydrolab Model H20, or YSI Meter Model 85
Dissolved Oxygen mg/L 13.23 13.78 15.2 14.04 15.13 - Field - Campbell Scientific Hydrolab Model H20, or YSI Meter Model 85

Notes
The Garrow Bay exposure area (mouth of the creek) was frozen during the July 7, 2004 sampling event.
Note that the reference area was ice free only during August 17 and August 24, 2004 sampling events.
1Original data reports are available upon request
2SPR-IDA = Suspended Particulate Resin consisting of immobilized iminodiacetate on a divinyl benzene polymer is used to chelate and preconcentrate metals

 in seawater (preparation technique). 
3Instrumental analysis is by ICPMS = Inductively Coupled Mass Spectrometry.
4This analysis is carried out using procedures adapted from "StandardMethods for the Examination of Water and Wastewater" 20th Edition 1998, 
published by the American Public Health Association, and with procedures adapted from "Test Methods for Evaluating Solid Waste" SW-846 published by
the USEPA.  The procedures may involve preliminary sample treatment by acid digestion, using either hotplate or microwave oven, or filtration (EPA Method 3005A).
Instrumental analysis is by inductively coupled plasma - optical emissionspectrophotometry  ICPOES (EPA Method 6010B).
5All radium isotopes in the sample solution are separated  by coprecipitation with lead sulfate. The precipitate is redissolved and the radium
isotopes are separated by coprecipitation with barium sulfate. The precipitate is filtered and mounted on a stainless steel disk.  It is then counted on an alpha spectrometer.
The radium 226 alpha energy is distinct and the peak can be clearly identified.

75°22'40"
96°47'12"96°48'30"

75°22'15"

Exposure Area Reference Area

Garrow Bay ReferenceGarrow Bay Exposure

Garrow Bay at Mouth of Garrow Creek 
Confluence

Garrow Bay ~1km NE of 
exposure station (confluence 

with Garrow Creek).

Teck Cominco Metals Limited - Polaris 
Mine (Little Cornwallis Island)

Garrow Lake Syphons Garrow Lake Syphons

Teck Cominco Metals Limited - 
Polaris Mine (Little Cornwallis 

Island)



Table 5. QAQC Sample Results1 Including Field Duplicates, Field Blanks, and Transport Blanks. 
Sample Type: Field Duplicate Original Sample Field Duplicate Original Sample Field Duplicate Original Sample
Location:
Description: RPD2 RPD2 RPD2

Sampling Date: (%) (%) (%)

Parameters
Hardness mg/L 1400 1400 0.00 532 482 10.37 997 973 2.47
Alkalinity mg/L 132 138 4.35 38.6 37.5 2.93 113 111 1.80
Aluminum mg/L 0.26 0.34 23.53 0.031 0.033 6.06 <0.10 <0.1 n/a
Cadmium mg/L 0.000582 0.000588 1.02 0.000062 0.00007 11.43 0.000224 0.00023 2.61
Iron mg/L 0.441 0.487 9.45 0.035 0.046 23.91 0.039 0.042 7.14
Mercury mg/L <0.000010 <0.00001 n/a <0.000050 <0.00005 n/a <0.000010 <0.00001 n/a
Molybdenum mg/L <0.0050 <0.005 n/a 0.00129 0.00156 17.31 <0.0050 <0.005 n/a
Ammonia mg/L 0.069 0.071 2.82 <0.020 <0.02 n/a 0.163 0.146 11.64
Nitrate mg/L 0.284 0.277 2.53 0.0371 0.0372 0.27 0.54 0.525 2.86
Arsenic mg/L <0.0010 <0.001 n/a <0.0010 <0.001 n/a <0.00020 <0.0002 n/a
Copper mg/L 0.00252 0.00265 4.91 0.000342 0.000405 15.56 0.00121 0.00121 0.00
Cyanide mg/L <0.0050 <0.005 n/a <0.0050 <0.005 n/a <0.0050 <0.005 n/a
Lead mg/L 0.0024 0.00269 10.78 0.000205 0.00026 21.15 0.00187 0.00177 5.65
Nickel mg/L 0.00438 0.00442 0.90 0.000772 0.000979 21.14 0.00676 0.00644 4.97
Zinc mg/L 0.196 0.198 1.01 0.019 0.0242 21.49 0.0418 0.0418 0.00
TSS mg/L 120 117 2.56 7 3.7 89.19 <3.0 5.3 n/a
Radium226 Bq/L 0.02 0.02 0.00 <0.0050 <0.005 n/a <0.0050 0.01 n/a
pH pH units 8.06 8.05 0.12 7.76 7.91 1.90 8.02 7.95 0.88

Notes
1QAQC samples were collected during each EEM monitoring event. At least one field duplicate and/or one blank sample was collected during each event.
2RPD = Relative Percent Difference = [Absolute value (DUP-ORIG)/ORIG]*100%
Cells in grey shading have RPD values >50% for co-located field duplicates
3Distilled water from onsite distiller.

QAQC Results
A total of 4 duplicate samples and 3 blank samples were collected during the 2004 EEM program at Polaris mine. All RPD values were less than 50%,
with the exception of one measurement of TSS on July 27, 2004. This data indicate good reproducibility between co-located field duplicates
(i.e., low measurement and analytical variability).
Blank samples were typically less than, or slightly higher than detection limits, revealing no background contamination issues.

7/27/2004 8/17/2004

Garrow Bay Exposure

Parameter 
Units

Garrow Lake Syphons
Final Discharge Point

7/7/2004
Mouth of Garrow Creek Confluence

Garrow Lake Syphons
Final Discharge Point



Table 5. QAQC Sample Results1 Including Field Duplicates, Field Blanks, and Transport Blanks. 
Sample Type:
Location:
Description:
Sampling Date:

Parameters
Hardness mg/L
Alkalinity mg/L
Aluminum mg/L
Cadmium mg/L
Iron mg/L
Mercury mg/L
Molybdenum mg/L
Ammonia mg/L
Nitrate mg/L
Arsenic mg/L
Copper mg/L
Cyanide mg/L
Lead mg/L
Nickel mg/L
Zinc mg/L
TSS mg/L
Radium226 Bq/L
pH pH units

Parameter 
Units

Field Duplicate Original Sample Field Blank Transport Blank Field Blank
n/a n/a n/a

RPD2 Distilled Water3 Distilled Water3 Distilled Water3

(%) 7/7/2004 7/7/2004 8/17/2004

1380 1380 0.00 <0.54 <0.54 <0.54
128 128 0.00 - - <1.0

<0.10 <0.1 n/a <0.10 <0.10 <0.0010
0.000342 0.000335 2.09 <0.000020 <0.000020 <0.00020

0.015 0.014 7.14 <0.010 <0.010 <0.030
<0.000010 <0.00001 n/a <0.000010 <0.000010 <0.000010
<0.0050 <0.005 n/a <0.0050 <0.0050 <0.0010

0.114 0.133 14.29 - - 0.028
0.529 0.531 0.38 - - <0.0050

<0.00020 <0.0002 n/a <0.0010 <0.0010 <0.00020
0.00140 0.00134 4.48 0.00012 0.00012 <0.0010
<0.0050 <0.005 n/a - - <0.0050
0.00116 0.00119 2.52 0.00017 0.00021 <0.0010
0.00971 0.00967 0.41 <0.00050 <0.00050 <0.0010
0.0514 0.0498 3.21 0.0012 <0.0010 <0.0050

3.7 4.4 15.91 - - <3.0
<0.0050 0.008 n/a <0.0050 0.006 <0.0050

7.93 7.84 1.15 - - 5.51

Notes
1QAQC samples were collected during each EEM monitoring event. At least one field duplicate and/or one blank sample was collected during each event.
2RPD = Relative Percent Difference = [Absolute value (DUP-ORIG)/ORIG]*100%
Cells in grey shading have RPD values >50% for co-located field duplicates
3Distilled water from onsite distiller.

QAQC Results
A total of 4 duplicate samples and 3 blank samples were collected during the 2004 EEM program at Polaris mine. All RPD values were less than 50%,
with the exception of one measurement of TSS on July 27, 2004. This data indicate good reproducibility between co-located field duplicates
(i.e., low measurement and analytical variability).
Blank samples were typically less than, or slightly higher than detection limits, revealing no background contamination issues.

8/24/2004

Garrow Lake Syphons
Final Discharge Point



Table 6. Sublethal Toxicity Testing Results EC50 (Part 1, Section 5) Page 1/2

Facility Name FDP Name
EC25 Test 

Date Species Test Sublethal Test Type Sample Method Consultant Laboratory
Teck Cominco Metals Limited - Polaris 

Mine (Little Cornwallis Island) Garrow Lake Syphons 7/7/2004 Atherinops affinis Growth Grab EVS Consultants, North Vancouver, BC
Teck Cominco Metals Limited - Polaris 

Mine (Little Cornwallis Island) Garrow Lake Syphons 7/27/2004 Atherinops affinis Growth Grab EVS Consultants, North Vancouver, BC
Teck Cominco Metals Limited - Polaris 

Mine (Little Cornwallis Island) Garrow Lake Syphons 7/27/2004 Dendraster excentricus Reproduction Grab EVS Consultants North Vancouver, BC
Teck Cominco Metals Limited - Polaris 

Mine (Little Cornwallis Island) Garrow Lake Syphons 7/27/2004 Champia parvula Reproduction Grab Saskatchewan Research Council (SRC)
Teck Cominco Metals Limited - Polaris 

Mine (Little Cornwallis Island) Garrow Lake Syphons 8/24/2004 Champia parvula Reproduction Grab Saskatchewan Research Council (SRC)
Teck Cominco Metals Limited - Polaris 

Mine (Little Cornwallis Island) Garrow Lake Syphons 8/24/2004 Dendraster excentricus Reproduction Grab EVS Consultants North Vancouver, BC
Teck Cominco Metals Limited - Polaris 

Mine (Little Cornwallis Island) Garrow Lake Syphons 8/24/2004 Atherinops affinis Growth Grab EVS Consultants North Vancouver, BC

EEM 2004 Annual Report 3/22/2005



Table 6. Sublethal Toxicity Testing Results EC50 (Part 1, Section 5) Page 2/2

EC25 Test 
Date Species Test

7/7/2004 Atherinops affinis

7/27/2004 Atherinops affinis

7/27/2004 Dendraster excentricus

7/27/2004 Champia parvula

8/24/2004 Champia parvula

8/24/2004 Dendraster excentricus

8/24/2004 Atherinops affinis

EC25 or IC25 
Lower Confidence 

Limit

EC25 or IC25 
Upper Confidence 

Limit Notes

> 72.6 72.6 72.6 IC25 (95%CL) was > 72.6%, the highest exposure concentration due to salinity adjustment.

> 69 69 69 IC25 (95% CL) was > 69%, the highest concentration tested due to salinity adjustment.

8.7 7.6 9.9 July 7 sandollar test not initiated because sandollars did not spawn. 

26.6 20.8 31.5

45.3 36.3 58.1

17.5 11.6 22.6

> 71 71 71 IC25 (95% CL) was > 71%, the highest concentration tested due to salinity adjustment.

EC25 or IC25

EEM 2004 Annual Report 3/22/2005



Table 7. Sublethal Toxicity Testing Results LC50 (Part 1, Section 5) Page 1/2

Facility Name FDP Name
LC50 Test 

Date Species Tested Sublethal Test Type
Sample 
Method Consultant Laboratory

Teck Cominco Metals Limited - Polaris 
Mine (Little Cornwallis Island) Garrow Lake Syphons 7/7/2004 Atherinops affinis Survival Grab EVS Consultants, North Vancouver, BC

Teck Cominco Metals Limited - Polaris 
Mine (Little Cornwallis Island) Garrow Lake Syphons 7/27/2004 Atherinops affinis Survival Grab EVS Consultants, North Vancouver, BC

Teck Cominco Metals Limited - Polaris 
Mine (Little Cornwallis Island) Garrow Lake Syphons 8/24/2004 Atherinops affinis Survival Grab EVS Consultants, North Vancouver, BC

EEM 2004 Annual Report 3/22/2005



Table 7. Sublethal Toxicity Testing Results LC50 (Part 1, Section 5) Page 2/2

LC50 Test 
Date Species Tested

7/7/2004 Atherinops affinis

7/27/2004 Atherinops affinis

8/24/2004 Atherinops affinis

LC50 Lower 
Limit

LC50 Upper 
limit Notes

> 72.6 72.6 72.6 LC50 (95% CL) was > 72.6%, the highest exposure concentration tested, due to salinity adjustment.

> 69 69 69 LC50 (95% CL) was > 69%, the highest concentration tested due to salinity adjustment.

> 71 71 71 LC50 (95% CL) was > 71%, the highest concentration tested due to salinity adjustment.

LC50
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APPENDIX A  

i. Information specified in Schedule 5 of the MMER (June 2002) for Reference Method EPAW 95-EPA 
West Coast: 7-day Topsmelt Survival and Growth Tests. 

 
 
APPENDIX B  

i. Information specified in Schedule 5 of the MMER (June 2002) for Reference Method EPS 1/Rm/27-EC: 
92 hr Echinoderm (sand dollar) Fertilization Test 

 
 
APPENDIX C  

i. Information specified in Schedule 5 of the MMER (June 2002) for Reference Method EPA/600/4-91-003, 
Method 1009.0: Algae (Champia parvula) 7-day Sublethal Growth Tests 

 
 
APPENDIX D  

i. Acute toxicity testing laboratory reports 
 
 
APPENDIX E  

i. Sublethal toxicity testing laboratory reports 
 
 
APPENDIX F  

i. Letter from Environment Canada to Teck Cominco Metals, Ltd. re: Polaris 2004 Annual Report (dated 
August 9, 2005) 

 
 
APPENDIX G  

i. Letter from Azimuth Consulting Group, Inc. to Environment Canada re: Clarification of reporting issues 
outlined in August 9, 2005 letter (dated September 14, 2005) 

 
 
APPENDIX H  

i. Polaris Mine – Revised 2004 3rd Quarter Metal Mining Effluent Regulations Report (dated March 22, 
2005) 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

APPENDIX A 
 

7-d Topsmelt Growth and Survival Toxicity Test 
 



Reporting Requirements for Reference Method EPAW 95-EPA West Coast 
(Topsmelt) 

Effluent Sample 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• Samples for sublethal toxicity testing were collected:  

Test 1 - Wednesday July 7, 2004 – 1100h 
 Test 2 - Tuesday July 27, 2004 – 2130h 
 Test 3 – Tuesday Aug 24, 2004 – 1500h 

iii. Type of sample 
• Final effluent water from final discharge point 

iv. Brief description of sampling point 
• 20m downstream of the siphon discharge point at Garrow Lake dam 

v. Sampling method 
• Water was collected from at least 15cm below the surface using a water pump with silicon tubing 
• Water was collected from the upstream direction 
• The pump was flushed with site water for at least one minute prior to sample collection 
• 3 x 20L sample bottles were filled 

vi. Name of person submitting samples 
• Dennis Lu (Gartner Lee)  Tests 1 & 2 
• Patrick Allard (Azimuth) Test 3 

vii. **Labeling/coding of sample (Sample IDs) 
• Test 1 - G-Creek_sub_070704 
• Test 2 - G-Creek_Sublethal_270704 
• Test 3 – G-Creek_081704 

viii. **Date & time of sample receipt 
• Samples for sublethal toxicity testing were collected:  

Test 1 - Saturday July 10, 2004 – 1425h 
 Test 2 - Friday July 30, 2004 – 1200h 
 Test 3 – Friday Aug 27, 2004 – 0945h 

ix. **Temperature upon sample receipt at laboratory 
• Test 1 – 11.6 °C 
• Test 2 – 13.0 °C 
• Test 3 – 15.4 °C 
 

 
Test Organisms Imported from External Supplier 

i. Species of test organism 
• Topsmelt (Atherinops affinis) 

ii. Name and city of testing laboratory 
• EVS Environment Consultants, North Vancouver, BC 

iii. Source of test species 
• Aquatic Bio Systems (ABS), Fort Collins, Colorado 

iv. Date test species acquired on 
• Test 1 – July 8, 2004 
• Test 2 – July 29, 2004 
• Test 3 – August 26, 2004 

v. Indications of deviations from EC guidance on the importation of test organisms 
• No deviations from EC requirements  



Reporting Requirements for Reference Method EPAW 95-EPA West Coast 
(Topsmelt) 

vi. Percent mortality of fish in 24-hour period preceding the test  
• Test 1 - <10% mortality  
• Test 2 - <10% mortality 
• Test 3 - <10% mortality 

vii. Age at start of test 
• Test 1 - 11 days post-hatch 
• Test 2 – 10 days post-hatch 
• Test 3 – 10 days post-hatch 

viii. Unusual appearance, behaviour, or treatment of larvae before their use in the test 
• None noted for any test.  

ix. Confirmation that larvae are actively feeding and swimbladders are not inflated 
• All tests - Larvae actively feeding and swimbladders not inflated 

x. Confirmation that temperature change was <3°C and dissolved oxygen was maintained at >6mg/L during 
transport 
• Temperature change was <2°C and dissolved oxygen supersaturated mg/L during transport  

xi. Test organism acclimation rate at the testing laboratory   
• Holding water conditions upon arrival were DO=supersaturated, pH = 7.9, T = 20°C 
• Organisms were acclimated slowly overnight 
• Addition of EVS lab seawater at intervals of 30 – 60min to reach acceptable conditions 
• Organisms were acclimated to DO = 7.4mg/L, salinity = 28ppt, T=20°C  

 
Test Facilities and Conditions 

i. Test type & method 
• 7-day Topsmelt (Atherinops affinis) Survival and Growth Toxicity Test  
• Static renewal  
• Sample water was renewed daily 
• Reference Method - EPA/600/R-95/136 (EPAW 95-EPA West Coast) 

ii. **Dates or test days during test when subsamples or multiple samples were renewed  
• Samples were renewed daily for all tests (Test Day 1,2,3,4,5,6) 
• Three subsamples were used on days i) 0-1; ii) 2-3; and iii) 4-5-6-7 

iii. Indications of deviations from requirements in Sections 11 of Method EPA/600/R-95/136 (EPAW 95-
EPA West Coast) 
• No deviations from requirements 
• Salinity controls were run 
• Sample water salinity for 

• Test 1 was 7ppt   
• Test 2 was 2.6 ppt 
• Test 3 was 5.2ppt 

iv. Date and time for start of definitive test 
• Test 1 Saturday July 10, 2004 – 1730h (within 3 days) 
• Test 2 Friday July 30, 2004 – 1500h (within 3 days) 
• Test 3 Tuesday August 27, 2004 – 1230h (within 3 days) 

v. **Date for test completion 
• Test 1 July 17, 2004  
• Test 2 August 6, 2004 
• Test 3 September 3, 2004 

vi. Test vessel description 
• For all tests was a 600mL beaker 

vii. Person(s) performing the test and verifying the results 



Reporting Requirements for Reference Method EPAW 95-EPA West Coast 
(Topsmelt) 

• Test 1: Testing by: Andy Diewald, Anja Fouche, Keven Goodearle, Ann-Marie Norris and Jenny 
Shao; Statistical analyses by Jenny Shao and  QA/QC by Julianna Kalokai 

• Test 2: Testing by: Andy Diewald, Ann-Marie Norris and Jenny Shao; Statistical analysis by Jenny 
Shao and Kathryn Sentance; QA/QC by Armando Tang 

• Test 3: Testing by Andy Diewald, Anja Fouche and Jenny Shao; Statistics by Jenny Shao and 
Kathryn Sentance; QA/QC by Julianna Kalokai 

viii. pH, temperature, dissolved oxygen, and conductivity of unadjusted, undiluted effluent 
• Test 1: pH 8.1, T 19.5 °C, DO 9.3 mg/L, C  11660 µmhos/cm 
• Test 2: pH 7.8, T 20.0 °C, DO 10.7 mg/L, C  4880 µmhos/cm 
• Test 3: pH 7.6, T 20.0 °C, DO 10.1 mg/L, C 9230 µmhos/cm 

ix. Confirmation that no adjustment of sample or solution pH occurred 
• No pH adjustment 

x. Indication of aeration of test solutions before introduction of fish 
• Pre-aeration at 6.5mL/min/L for 30mins due to supersaturation of sample with O2 when sample was 

heated to 19°C 
xi. **Indication that EC guidance document for salinity adjustment was followed 

• The following was done for all 3 tests: 
• No deviations from EC guidance document on preparation of hypersaline brine (HSB) 
• HSB prepared from natural seawater concentrated to 90ppt (by filtering to at least 10 

µm before placing it into the freezer and then freezing/refreezing to remove frozen 
layer and concentrate salts in the hypersaline brine) 

• No deviations from EC guidance document for salinity adjustment of sample 
• HSB was added to samples to salinity adjust them to 30ppt 
• For a 200mL volume the concentrations were prepared by adding: 

o Test 1: 145mL of effluent + 55mL of HSB for the highest concentration. 
This solution was then diluted using natural seawater for the lower test 
concentrations (i.e., 50% of the highest concentration + 50% of the 
dilution water, repeated for subsequent dilutions). 

o Test 2: 138mL of effluent + 62mL of HSB for the highest concentration. 
This solution was then diluted using natural seawater for the lower test 
concentrations (i.e., 50% of the highest concentration + 50% of the 
dilution water, repeated for subsequent dilutions). 

o Test 3: 142mL of effluent + 58mL of HSB for the highest concentration. 
This solution was then diluted using natural seawater to make the lower 
test concentrations (i.e., 50% of the highest concentration + 50% of the 
dilution water, repeated for subsequent dilutions). 

xii. Type and source of control/dilution water 
• For all 3 tests, control/dilution water was UV-sterilized, 0.45µm-filtered natural seawater from the 

Vancouver Aquarium 
xiii. Concentrations and volumes tested: 

• Concentrations (% effluent volume / total volume) tested and total volumes used were: 
• For Test 1: 

• Control (0%) - 200 mL 
• Salinity Control (0%) - 200 mL  
• 4.5% - 200mL  
• 9.1% - 200mL  
• 18.2% - 200mL  



Reporting Requirements for Reference Method EPAW 95-EPA West Coast 
(Topsmelt) 

• 36.3% - 200mL  
• 72.6% - 200mL 

• For Test 2: 
• Control (0%) - 200 mL 
• Salinity Control (0%) - 200 mL  
• 4.3% - 200mL  
• 8.6% - 200mL  
• 17.3% - 200mL  
• 34.5% - 200mL  
• 69.0% - 200mL 

• For Test 3: 
• Control (0%) - 200 mL 
• Salinity Control (0%) - 200 mL  
• 4.4% - 200mL  
• 9.0% - 200mL  
• 18.0% - 200mL  
• 36.0% - 200mL  
• 71.0% - 200mL  

xiv. Number of replicated per concentration 
• For all 3 tests: 5 replicates per concentration 

xv. Number of organisms added to each test vessel 
• For all 3 tests: 5 fish per vessel 

xvi. Manner and rate of exchange of test solutions 
• For all 3 test: Daily renewal 

xvii. **Measurements of dissolved oxygen, pH and temperature, and salinity for each 24 hr period 
• Test 1: See attached photocopied pages 1.1 and 1.2 of original laboratory report 
• Test 2: See attached photocopied pages 2.1 and 2.2 of original laboratory report 
• Test 3: See attached photocopied pages 3.1 and 3.2 of original laboratory report 
  

Results 
i. **Number and % of mortalities of fish in each test solution. Note that this data is presented in units of 

number of SURVIVORS and % MORTLITY. (Data is entered from original handwritten tables in lab 
reports) 
• Test 1: Totals from all 5 replicates are presented (see attached pages 1.3-1.4 for original lab data): 

Concentration  Number of Survivors - Day of Test  % Mortality on the Day of Test 
(% effluent v/v) Replicate 1 2 3 4 5 6 7  1 2 3 4 5 6 7 

Control A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 4 4 4  0 0 0 0 20 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

Brine A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
Control B 5 5 5 5 5 5 4  0 0 0 0 0 0 20 

 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

4.5% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 



Reporting Requirements for Reference Method EPAW 95-EPA West Coast 
(Topsmelt) 

Concentration  Number of Survivors - Day of Test  % Mortality on the Day of Test 
(% effluent v/v) Replicate 1 2 3 4 5 6 7  1 2 3 4 5 6 7 

 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

9.1% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

18.2% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

36.3% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 4 4 4 4 4 4 4  20 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

72.6% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 4  0 0 0 0 0 0 20 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 4  0 0 0 0 0 0 20 

 
• Test 2: Totals from all 5 replicates are presented (see attached pages 2.3-2.4 for original lab data): 

Concentration  Number of Survivors - Day of Test  % Mortality - Day of Test 
(% effluent v/v) Replicate 1 2 3 4 5 6 7  1 2 3 4 5 6 7 

Control A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

Brine A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
Control B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

4.3% A 5 5 5 5 5 5 4  0 0 0 0 0 0 20 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

8.6% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 4  0 0 0 0 0 0 20 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 



Reporting Requirements for Reference Method EPAW 95-EPA West Coast 
(Topsmelt) 

Concentration  Number of Survivors - Day of Test  % Mortality - Day of Test 
(% effluent v/v) Replicate 1 2 3 4 5 6 7  1 2 3 4 5 6 7 

17.3% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

34.5% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

69.0% A 5 5 5 5 4 4 4  0 0 0 0 20 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

 
 

• Test 3: Totals from all 5 replicates are presented (see attached pages 3.3-3.4 for original lab data):  
Concentration  Number of Survivors - Day of Test  % Mortality - Day of Test 
(% effluent v/v) Replicate 1 2 3 4 5 6 7  1 2 3 4 5 6 7 

Control A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

Brine A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
Control B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

4.4% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

9.0% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

18.0% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

36.0% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 4  0 0 0 0 0 0 20 



Reporting Requirements for Reference Method EPAW 95-EPA West Coast 
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Concentration  Number of Survivors - Day of Test  % Mortality - Day of Test 
(% effluent v/v) Replicate 1 2 3 4 5 6 7  1 2 3 4 5 6 7 

 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

71.0% A 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 B 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 C 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 D 5 5 5 5 5 5 5  0 0 0 0 0 0 0 
 E 5 5 5 5 5 5 5  0 0 0 0 0 0 0 

 
ii. **Average dry weight (mg) per original fish in test vessel. No preservation of fish was used. Fish 

were dried and then weighed. 
• Test 1: Mean dry weight (mg) of each replicate and overall means are presented: 

Concentration Replicate Overall Mean Standard Deviation 
(% effluent v/v) 1 2 3 4 5   

Neg Control (0%) 1.2120 1.0040 0.7980 0.7880 0.8460 0.9296 0.1800 
Salinity Control 1.1300 0.8540 1.3000 1.1120 0.9940 1.0780 0.1661 

4.5% 0.9500 0.9440 0.9500 1.1360 1.0260 1.0012 0.0826 
9.1% 1.0520 1.0060 0.9040 1.0820 1.1360 1.0360 0.0876 

18.2% 1.1100 0.9080 0.9340 0.9140 0.9160 0.9564 0.0864 
36.3% 1.0560 1.2980 0.9260 1.0120 1.2220 1.1028 0.1533 
72.6% 0.9560 1.3320 0.8120 0.8060 1.0460 0.9904 0.2161 

 
• Test 2: Mean dry weight (mg) of each replicate are presented: 

Concentration 
 

Replicate   

(% effluent v/v) 1 2 3 4 5 Overall Mean Standard Deviation 
Neg Control (0%) 1.000 1.122 0.952 0.962 0.866 0.9804 0.0931 
Salinity Control 1.170 0.812 1.042 0.880 1.030 0.9868 0.1418 

4.3% 0.754 1.078 1.064 0.814 0.840 0.9100 0.1503 
8.6% 1.098 0.866 0.884 0.726 0.778 0.8704 0.1426 

17.3% 0.710 0.794 0.944 0.596 0.872 0.7832 0.1363 
34.5% 0.912 0.874 0.918 0.854 0.924 0.8964 0.0307 
69.0% 0.486 0.818 0.756 0.808 1.000 0.7736 0.1854 

 
• Test 3: Mean dry weight (mg) of each replicate are presented: 

Concentration 
 

Replicate   

(% effluent v/v) 1 2 3 4 5 Overall Mean Standard Deviation 
Neg Control (0%) 0.9680 0.9700 0.9780 0.8460 0.8940 0.9312 0.0585 
Salinity Control 0.9040 0.8600 1.2680 0.9720 0.8080 0.9624 0.1811 

4.4% 0.9380 1.5180 1.0220 0.8620 0.9420 1.0564 0.2642 
9.0% 0.8960 0.8600 0.9480 0.7900 0.8320 0.8652 0.0604 

18.0% 0.9240 0.6960 1.1280 1.0860 0.9940 0.9656 0.1704 
36.0% 1.0900 0.8140 0.7880 1.0300 0.8900 0.9224 0.1328 
71.0% 0.6680 0.7620 1.0920 0.9280 0.9060 0.8712 0.1631 

 
iii. Estimate of 7-d LC50 (95% CL) 

• Test 1: 7-d LC50 concentration > 72.6% effluent (highest concentration tested due to dilution for 
salinity adjustment) 

• Test 2: 7-d LC50 concentration > 69.0% effluent (highest concentration tested due to dilution for 
salinity adjustment) 

• Test 3: : 7-d LC50 concentration > 71.0% effluent (highest concentration tested due to dilution for 
salinity adjustment) 

• Quantal statistic methods not applicable 
iv. Estimate of 7-d IC25 (95% CL) for growth 
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• Test 1: 7-d IC25 concentration > 72.6% effluent (highest concentration tested due to dilution for 
salinity adjustment) 

• Test 2: 7-d IC25 concentration > 69.0% effluent (highest concentration tested due to dilution for 
salinity adjustment) 

• Test 3: 7-d IC25 concentration > 71.0% effluent (highest concentration tested due to dilution for 
salinity adjustment) 

v. Current reference toxicity tests (95% CL) for 7-d LC50 for survival and 7-d IC50 for growth  
• Test 1 :Reference toxicity tests for Toxicant: Copper 

• Test conducted on July 10, 2004, same day as effluent test 
• Reference toxicant test was conducted on the same batch of externally supplied topsmelt 

used in the effluent test and under the same experimental conditions as the effluent test  
• 7-d LC50 survival = 161mg/L Cu, 95% CL = 139-188mg/L  
• 7-d IC50 growth = 147mg/L Cu, 95% CL = 119-169mg/L 

• Test 2 :Reference toxicity tests for Toxicant: Copper 
• Test conducted on July 30, 2004, same day as effluent test 
• Reference toxicant test was conducted on the same batch of externally supplied topsmelt 

used in the effluent test and under the same experimental conditions as the effluent test  
• 7-d LC50 survival = 130mg/L Cu, 95% CL = 115-147mg/L  
• 7-d IC50 growth = 124mg/L Cu, 95% CL = 87-144mg/L 

•  Test 3 :Reference toxicity tests for Toxicant: Copper 
• Test conducted on August 27, 2004, same day as effluent test 
• Reference toxicant test was conducted on the same batch of externally supplied topsmelt 

used in the effluent test and under the same experimental conditions as the effluent test  
• 7-d LC50 survival = 121mg/L Cu, 95% CL = 107-137mg/L  
• 7-d IC50 growth = 128mg/L Cu, 95% CL = 85-150mg/L 
 

vi. Reference toxicity warning limits (+/- SD) for 7-d LC50 for survival and 7-d IC50 for growth  
• Test 1: Reference toxicity tests for Toxicant: Copper 

• 7-d LC50 survival = 137 ± 56mg/L Cu 
• 7-d IC50 growth = 135 ± 51mg/L Cu 

• Test 2: Reference toxicity tests for Toxicant: Copper 
• 7-d LC50 survival = 129 ± 48mg/L Cu,  
• 7-d IC50 growth = 130 ± 52mg/L Cu 

• Test 3: Reference toxicity tests for Toxicant: Copper 
• 7-d LC50 survival = 132 ± 48mg/L Cu,  
• 7-d IC50 growth = 131 ± 51mg/L Cu 
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92-h Echinoderm Fertilization Test 
 
 
 
 



Reporting Requirements for Reference Method EPS1/RM/27-EC 92 (Sperm Cell) 
 

 

Effluent Sample 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• Samples for sublethal toxicity testing were collected:  

Test 1 - Wednesday July 7, 2004 – 1100h 
 Test 2 - Tuesday July 27, 2004 – 2130h 
 Test 3 – Tuesday Aug 24, 2004 – 1500h 

iii. Type of sample 
• Final effluent water  

iv. Brief description of sampling point 
• 20m downstream of the siphon discharge point at Garrow Lake dam 

v. Sampling method 
• Water was collected from at least 15cm below the surface using a water pump with silicon tubing 
• Water was collected from the upstream direction  
• The pump was flushed with site water for at least one minute prior to sample collection 
• 4 x 20L sample bottles were filled 

vi. Name of person submitting samples 
• Dennis Lu (Gartner Lee)  Tests 1 & 2 
• Patrick Allard (Azimuth) Test 3 

x. **Labeling/coding of sample (Sample IDs) 
• Test 1 - G-Creek_sub_070704 
• Test 2 - G-Creek_Sublethal_270704 
• Test 3 – G-Creek_081704 

xi. **Date & time of sample receipt 
• Samples for sublethal toxicity testing were collected:  

Test 1 - Saturday July 10, 2004 – 1425h 
 Test 2 - Friday July 30, 2004 – 1200h 
 Test 3 – Friday Aug 27, 2004 – 0945h 

xii. **Temperature upon sample receipt at laboratory 
• Test 1 – n/a no test 
• Test 2 – 13.0 °C 
• Test 3 – 15.4 °C 

 
Test Organisms 

i. Species of test organism 
• Sandollar Echinoid (Dendraster excentricus) 

ii. Name and city of testing laboratory 
• EVS Environment Consultants, North Vancouver, BC 

iii. Source of test species 
• M-REP, Escondido, California 
• All adults providing gametes are from the same population and source 
• Gametes are spawned in-house at EVS 

iv. Date test species acquired on 
• Test 1: Test was not initiated due to inability of the Sandollars to spawn. 
• Test 2: July 30, 2004 
• Test 3: August 27, 2004 

v. Holding time and conditions for adults 
• Test 1:  N.A. 
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• Test 2:  Adults received at the testing laboratory the day of the test. 
• Test 3: Adults received at the testing laboratory the day of the test. 

vi. Indications of deviations from EC guidance on the importation of test organisms 
• Test 1:  na 
• Test 2: No deviations from EC requirements 
• Test 3: No deviations from EC requirements 

vii. Weekly percent mortality of adults being held over 7d preceding test 
• Test 1: na 
• Test 2: <2% per day over the 7 days preceding the test 
• Test 3: <2% per day over the 7 days preceding the test  

viii. Age of test organisms 
• Test 1: n.a. 
• Test 2: < 4 hours after spawning 
• Test 3: < 4 hours after spawning 

ix. **Unusual appearance, behaviour, or treatment of adults or gametes before test start, or anything unusual 
about the test 
• Test 1: Test was not initiated due to inability of the Sandollars to spawn 
• Test 2 Organisms appear healthy, in good condition, nothing unusual about test organisms or test  
• Test 3: Organisms appear healthy, in good condition, nothing unusual about test organisms or test 

 
Test Facilities and Conditions 

i. Test type & method 
• Echinoderm (Dendraster excentricus) Fertilization Toxicity Test  
• Static  
• Reference Method – EPS/1/RM/27 with 1997 amendments 

ii. Test duration 
• Test 1: na 
• Test 2: 10:10 min (10min sperm + 10min sperm & egg) 
• Test 3: 10:10 min (10min sperm + 10min sperm & egg) 

iii. Date and time for start of definitive test 
• Test 1: na 
• Test 2: Friday July 30, 2004 – 1620h 
• Test 3: Friday August 27, 2004 – 1334h 

iv. Test vessel description 
• Test 1: na 
• Test 2: 16 x 125mm test tubes 
• Test 3: 16 x 125mm test tubes 

v. Person(s) performing the test and verifying the results 
• Test 1: na 
• Test 2: Testing by Kathryn Sentance and Ann-Marie Norris.  Statistical analyses by Jenny Shao and 

Kathryn Sentance.  QA/QC reviewed by Julianna Kalokai. 
• Test 3: Testing by Kathryn Sentance and Ann-Marie Norris.  Statistical analyses by Jenny Shao and 

Kathryn Sentance.  QA/QC reviewed by Julianna Kalokai.  
vi. Indication of rate and duration of pre-aeration of test solutions before initiation of test 

• Test 1: na 
• Test 2: No pre-aeration noted. 
• Test 3: No pre-aeration noted. 

vii. Confirmation that no adjustment of sample or solution pH occurred 
• Test 1: na 
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• Test 2: No pH adjustment  
• Test 3: No pH adjustment 

viii. Procedure for sample filtration 
• Test 1: na 
• Test 2: No sample filtration  
• Test 2: No sample filtration  

ix. **Procedure for preparation of hypersaline brine (HSB) as per EC guidance document on salinity 
adjustment – July 1997  
• Test 1: na 
• Test 2: Hypersaline brine (HSB) was prepared from natural seawater concentrated to 90ppt (by 

filtering to at least 10 µm before placing it into the freezer and then freezing/refreezing to remove 
frozen layer and concentrate salts in the hypersaline brine). HSB was added to samples to salinity 
adjust them to 30ppt. For a 10mL volume the concentrations were prepared by adding 7.31mL of 
effluent + 2.69mL of HSB for the highest concentration. This solution was diluted using natural 
seawater for the lower test concentrations (i.e., 50% of the highest concentration + 50% of the 
dilution water, repeated for subsequent dilutions). No deviations from EC guidance document (July 
1997) for salinity adjustment of sample.  

• Test 2: Hypersaline brine (HSB) was prepared from natural seawater concentrated to 90ppt (by 
filtering to at least 10 µm before placing it into the freezer and then freezing/refreezing to remove 
frozen layer and concentrate salts in the hypersaline brine). HSB was added to samples to salinity 
adjust them to 30ppt. For a 10mL volume the concentrations were prepared by adding 7.51mL of 
effluent + 2.49mL of HSB for the highest concentration. This solution was diluted using natural 
seawater for the lower test concentrations (i.e., 50% of the highest concentration + 50% of the 
dilution water, repeated for subsequent dilutions). No deviations from EC guidance document (July 
1997) for salinity adjustment of sample.  

x. Procedure for salinity adjustment as per EC guidance document on salinity adjustment – July 1997  
• No deviations from EC guidance for salinity adjustment 
• Test 1: na 
• Test 2: salinity adjusted from 2.8 to 28 ppt 
• Test 3: salinity adjusted from 5 to 28 ppt 

xi. Type and source of control/dilution water 
• Test 1: na 
• Test 2: UV-sterilized, 0.45µm-filtered natural seawater from the Vancouver Aquarium 
• Test 3: UV-sterilized, 0.45µm-filtered natural seawater from the Vancouver Aquarium 

xii. Concentrations and volumes tested 
• Test 1: na 
• Test 2: Concentrations (% effluent volume / total volume) tested and total volumes used were: 

• Control (0%) - 10mL 
• Salinity Control (0%) - 10mL 
• 4.6% - 10mL  
• 9.1% - 10mL  
• 18.3% - 10mL  
• 36.6% - 10mL  
• 73.1% - 10mL 

• Test 3: Concentrations (% effluent volume / total volume) tested and total volumes used were: 
• Control (0%) - 10mL 
• Salinity Control (0%) - 10mL 
• 4.7% - 10mL  
• 9.4% - 10mL  
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• 18.8% - 10mL  
• 37.5% - 10mL  
• 75.1% - 10mL  

xiii. Number of replicated per concentration 
• Test 1: na 
• Test 2: 4 replicates per treatment concentration 
• Test 3: 4 replicates per treatment concentration 

xiv. **Number of organisms per container  
• Test 1: na 
• Test 2: 2000 eggs per vessel (100 counted) 
• Test 3: 2000 eggs per vessel (100 counted) 

xv. Measurements of pH and dissolved oxygen in sample water before use 
• Test 1: na 
• Test 2: pH 8.1, DO 8.5 
• Test 3: pH 8.0, DO 8.5 

xvi. Measurements of pH, temperature, dissolved oxygen, and salinity during test 
• Test 1: na 
• Test 2: pH – 8.0 – 8.1, T - 15.0-16.0°C, DO - 8.2-8.5mg/L, salinity - 28ppt 
• Test 3: pH – 8.2 – 8.5, T - 15.0-16.0°C, DO - 8.2-8.5mg/L, salinity - 28ppt 

 
Results 

i. Number and % of fertilized eggs in each test concentration 
• Test 1: na 
• Test 2:  (Number is equal to percent since totals were 100)  

• Control (0%):   #F = 59, 62, 56, 65 #UF = 41, 38, 44, 35 
• Salinity Control:  #F = 60, 57, 59, 62 #UF = 40, 43, 41, 38 
• 4.6%:   #F = 60, 66, 56, 58 #UF = 40, 34, 44, 42 
• 9.1%:   #F = 46, 42, 45, 42  #UF = 54, 58, 55, 58 
• 18.3%:  #F = 39, 39, 37, 36 #UF = 61, 64, 63, 64 
• 36.6%:  #F = 31, 34, 25, 31 #UF = 69, 66, 75, 69 
• 73.1%:  #F = 19, 20, 21, 20 #UF = 81, 80, 79, 80 

• Test 3:  (Number is equal to percent since totals were 100)  
• Control (0%):   #F = 77, 80, 74, 77 #UF = 23, 20, 26, 23 
• Salinity Control:          #F = 76, 73, 79, 77 #UF = 24, 27, 21, 23 
• 4.7%:   #F = 78, 74, 76, 72 #UF = 22, 26, 24, 28 
• 9.4%:   #F = 61, 62, 62, 60  #UF = 39, 38, 38, 40 
• 18.8%:  #F = 56, 58, 59, 55 #UF = 44, 42, 41, 45 
• 37.5%:  #F = 49, 50, 50, 48 #UF = 51, 50, 50, 52 
• 75.1%:  #F = 25, 27, 24, 27 #UF = 75, 73, 76, 73 

ii. **Estimate of IC25 (95% CL) for fertilization success 
• Test 1: na 
• Test 2: IC25 concentration = 8.7 (7.6 – 9.9)% v/v effluent  
• Test 3: IC25 concentration = 17.5 (11.6 – 22.6)% v/v effluent  
• Quantitative statistic used to generate IC25 values was log-linear interpolation (200 resamples) 

calculated in ToxCalc v5.0.23 (Test 2) and log-logit interpolation (200 resamples) calculated in 
ToxCalc v5.0.23 (Test 3) 

iii. Current reference toxicity tests (95% CL) for IC50 for fertilization  
• Test 1: na 
• Test 2: Reference toxicity tests for Toxicant: Sodium Dodecyl Sulfate 
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• Test conducted on July 30, 2004, same day as effluent test 
• Reference test conducted under same conditions 
• IC50 for fertilization = 2.1mg/L SDS, 95% CL = (1.9 – 2.4)mg/L  

• Test 3: Reference toxicity tests for Toxicant: Sodium Dodecyl Sulfate 
• Test conducted on August 27, 2004, same day as effluent test 
• Reference test conducted under same conditions 
• IC50 for fertilization = 2.3mg/L SDS, 95% CL = (2.1 – 2.4)mg/L 

iv.  Reference toxicant warning limits (+/- 2SD) for IC50 for fertilization 
• Test 1: na 
• Test 2: 4.2 +/- 4.8 mg/L SDS 
• Test 3: 3.9 +/- 4.6 mg/L SDS 
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7-d Sublethal Champia (Algae) Toxicity Test 
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Effluent Sample 
i. Name & location of operation generating the effluent  

• Polaris Mine, Little Cornwallis Island, Nunavut 
• Final Discharge Point for Garrow Lake is geo referenced as 75o 22’ 32” N, 97o 48’ 37” W. 

ii. Date & time of sampling 
• Samples for yearly sublethal toxicity testing were collected:  

Test 1 - Wednesday July 7, 2004 – 1100h 
Test 2 - Tuesday July 27, 2004 – 2130h 
Test 3 – Tuesday Aug 24, 2004 – 1500h  

iii. Type of sample 
• Final effluent water  

iv. Brief description of sampling point 
• 20m downstream of the siphon discharge point at Garrow Lake dam 

v. Sampling method 
• Water was collected from at least 15cm below the surface using a water pump with silicon tubing 
• Water was collected from the upstream direction 
• The pump was flushed with site water for at least one minute prior to sample collection 
• 1 x 4L sample bottles were filled 

vi. Name of person submitting samples 
• Dennis Lu (Gartner Lee) Tests 1 & 2 
• Patrick Allard (Azimuth) Test 3 

vii. Temperature of water upon receipt at lab 
• Test 1:  Test was not conducted as sample was delayed by weather and person qualified to conduct 

the work at the lab left for vacation.  This was discussed with Sandra Blenkinsopp at the time to 
provide direction. 

• Test 2: 8°C 
• Test 3: 17°C 

xiii. **Labeling/coding of sample (Sample IDs) 
• Test 1 - G-Creek_sub_070704 
• Test 2 - G-Creek_Sublethal_270704 
• Test 3 – G-Creek_081704 

xiv. **Date & time of sample receipt 
• Samples for sublethal toxicity testing were collected:  

Test 1 – n/a test not conducted 
 Test 2 - Friday July 30, 2004 – 0900h 
 Test 3 – Friday Aug 27, 2004 – 0900h 

 
Test Organisms 

i. Species of test organism 
• Algae (Champia parvula) 

ii. Name and city of testing laboratory 
• Saskatchewan Research Council [SRC], Saskatoon, SK  

iii. Source of test species and health of organisms 
• Test 1: na 
• Test 2 and Test 3 

• Sexually mature male and female branches 
• Obtained from USEPA, Hatfield Marine Science Center, Newport Oregon, 1995 
• Appear in excellent health, healthy red color 
• Females have trichogynes, males have sori with spermatia 
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iv. **Any unusual appearance, behaviour, or treatment of test organisms, before their use in test 
• Test 1: na 
• Test 2 and Test 3 

• Nothing unusual about the appearance, behaviour, or treatment of test organisms, before 
their use in test; everything is normal 

• Nothing unusual about the tests 
 
Test Facilities and Conditions 

i. Test type & method 
• Champia parvula sexual reproduction test  
• Static, non-renewal 
• 2-day exposure, followed by 5-7 day recovery period for cystocarp development 
• Reference Method - EPA/600/4-91/003, Method 1009.0 

ii. Date and time for start of definitive test 
• Test 1: na 
• Test 2: Friday July 30, 2004 – time not noted but lab notes state tests started within 72 hrs of 

collection 
• Test 3: Friday August 27, 2004 – time not noted but lab notes state tests started within 72 hrs of 

collection 
xviii. **Date for test completion 

• Test 1 – n/a  
• Test 2 – August 6, 2004 
• Test 3 – September 3, 2004 

iii. Test vessel description 
• Test 1: na 
• Test 2: 270mL transparent polystyrene cups with polystyrene lids 
• Test 2: 270mL transparent polystyrene cups with polystyrene lids 

iv. Person(s) performing the test and verifying the results 
• Test 1: na 
• Tests 2 & 3 - Mary Moody 

v. Indication of pre-aeration of test solutions  
• Test 1: na 
• Tests 2 & 3 - No pre-aeration 

vi. Confirmation that no pH adjustment of sample or solution occurred 
• Test 1: na 
• Tests 2 & 3: - No pH adjustment 

vii. **Indication that EC guidance document for salinity adjustment was followed 
• Test 1: na 
• Test 2:  

• No deviations from EC guidance document on preparation of hypersaline brine (May 
2001) 

• HSB prepared from natural seawater at 90ppt (by filtering to at least 10 µm before 
placing it into the freezer and then freezing/refreezing to remove frozen layer and 
concentrate salts in the hypersaline brine) 

• No deviations from EC guidance document for salinity adjustment of sample 
• Salinity adjustment: 600mL effluent + 250mL HSB + 8.5mL test nutrient solution  
• Salinity of samples adjusted from 4ppt to 30ppt 

• Test 3:  
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• No deviations from EC guidance document on preparation of hypersaline brine (May 
2001) 

• HSB prepared from natural seawater at 90ppt (by filtering to at least 10 µm before 
placing it into the freezer and then freezing/refreezing to remove frozen layer and 
concentrate salts in the hypersaline brine) 

• No deviations from EC guidance document for salinity adjustment of sample 
• Salinity adjustment: 600mL effluent + 230mL HSB + 10 ml test nutrient solution  
• Salinity of samples adjusted from 5ppt to 30ppt 

viii. Type and source of control/dilution water 
• Test 1: na 
• Tests 2 & 3 

• Natural seawater collected at the Pacific Environmental Center, Environment Canada, 
North Vancouver, BC 

• Filtered to 0.2µm and autoclaved prior to use 
• Salinity adjusted as per EC guidance document to 30ppt with HSB from the same 

source 
ix. **Type and quantity of any chemicals added to the control dilution water 

• Test 1: na 
• Test 2: Test nutrients as described in Test Method USEPA/600/4-91/003, Method 1009.0 were added 

at concentration of 10mL/L, analytical grade, 8.5mL added 
• Test 3: Test nutrients as described in Test Method USEPA/600/4-91/003, Method 1009.0 were added 

at concentration of 10mL/L, analytical grade, 10mL added 
x. Concentrations and volumes of test solutions 

• Concentrations (% effluent volume / total volume) tested and total volumes used were: 
• Test 1: na 
• Tests 2:  

• Control (Natural Seawater) (0%) - 100mL, 4.5cm depth 
• Salinity Control Brine (0%) - 100mL, 4.5cm depth  
• 4.38% - 100mL, 4.5cm depth  
• 8.75% - 100mL, 4.5cm depth  
• 17.5% - 100mL, 4.5cm depth  
• 35.0% - 100mL, 4.5cm depth  
• 70.0% - 100mL, 4.5cm depth  

• Tests 3:  
• Control (Natural Seawater) (0%) - 100mL, 4.5cm depth 
• Salinity Control Brine (0%) - 100mL, 4.5cm depth  
•   4.5% - 100mL, 4.5cm depth  
•   9.0% - 100mL, 4.5cm depth  
• 18.0% - 100mL, 4.5cm depth  
• 36.0% - 100mL, 4.5cm depth  
• 72.0% - 100mL, 4.5cm depth 

xi. Number of replicated per concentration 
• Test 1: na 
• Tests 2 & 3: 3 replicates per concentration 

xii. Number of organisms per test chamber 
• Test 1: na 
• Tests 2 & 3: 5 female branches + 2 male branches per chamber 

xiii. Measurements of pH, temperature, dissolved oxygen, and salinity of sample before use 
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• Test 1: na 
• Test 2: pH - 7.78, T – 22.0 °C, DO – 7.9mg/L, salinity - 4ppt 
• Test 3: pH - 7.58, T – 23.0 °C, DO – 8.0mg/L, salinity - 5ppt 

xiv. **Measurements of pH, temperature, dissolved oxygen, and salinity of test solution and controls at 0hr, 
48hr, and the beginning and end of recovery period 
• Test 1: na 
• Test 2:  

Concentration 
(% v/v) 

Temperature (°C) Dissolved Oxygen  (mg/L) pH (pH units) Salinity (ppt) 

 Exposure Recovery Exposure Recovery Exposure Recovery Exposure Recovery 
 0 48 0 end 0 48 0 end 0 48 0 end 0 48 0 end 

Control-NSW1 22 23 22 23 7.9 7.9 8.0 7.9 8.20 8.35 8.33 8.22 30 30 30 30 
Control-brine 22 23 22 23 7.9 7.9 8.0 7.9 7.93 8.20 8.34 8.21 30 30 30 30 

A 70 22 23 22 23 7.9 7.9 8.0 7.9 7.80 8.40 8.34 8.26 30 30 30 30 
C 17.5 22 23 22 23 7.9 7.9 8.0 7.9 8.15 8.31 8.34 8.36 30 30 30 30 
E 4.38 22 23 22 23 7.9 7.9 8.0 7.9 8.19 8.36 8.34 8.21 30 30 30 30 

1NSW = natural seawater 
• Test 3:  

Concentration 
(% v/v) 

Temperature (°C) Dissolved Oxygen  (mg/L) pH (pH units) Salinity (ppt) 

 Exposure Recovery Exposure Recovery Exposure Recovery Exposure Recovery 
 0 48 0 end 0 48 0 end 0 48 0 end 0 48 0 end 

Control-NSW1 23 23 23 23 7.9 7.9 8.0 7.9 8.34 8.61 8.22 8.37 30 30 30 30 
Control-brine 23 23 23 23 7.9 7.9 8.0 7.9 7.92 8.52 8.22 8.42 30 30 30 30 

A 70 23 23 23 23 8.0 7.9 8.0 7.9 7.83 8.52 8.22 8.44 30 30 30 30 
C 17.5 23 23 23 23 7.9 7.9 8.0 7.9 8.21 8.29 8.21 8.41 30 30 30 30 
E 4.38 23 23 23 23 7.9 7.9 8.0 7.9 8.32 8.42 8.22 8.39 30 30 30 30 

1NSW = natural seawater 
 
Results 

i. Number and % mortality of female plants after recovery in each test solution  
• Totals from all 3 replicates are presented: 
• Test 1: na 
• Test 2: 

• Control (0%):   0 (0%) mortality  
• Salinity Control (0%):  0 (0%) mortality  
• 4.38%:  0 (0%) mortality 
• 8.75%:  0 (0%) mortality 
• 17.5%:  0 (0%) mortality 
• 35.0%:  0 (0%) mortality 
• 70.0%:   0 (0%) mortality 

• Test 3: 
• Control (0%):   0 (0%) mortality  
• Salinity Control (0%):  0 (0%) mortality  
• 4.5%:   0 (0%) mortality 
• 9.0%:   0 (0%) mortality 
• 18.0%:  0 (0%) mortality 
• 36.0%:  0 (0%) mortality 
• 72.0%:   0 (0%) mortality 

ii. **Mean number of cystocarps per plant in each replicate of each test concentration  
• Test 1: na 
• Test 2: (Replicates are A, B, and C) 

• Control (0%):   A) 89.6, B) 89.8, C) 96.8 
• Salinity Control (0%):  A) 86.2, B) 93.4, C) 98.0  
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• 4.38%:  A) 114.8, B) 101.0, C) 99.6  
• 8.75%:  A) 108.4, B) 105.8, C) 101.0 
• 17.5%:  A) 81.6, B) 90.2, C) 100.2 
• 35.0%:  A) 54.4, B) 64.2, C) 67.0 
• 70.0%:   A) 9.6, B) 9.0, C) 21.4 

• Test 3: (Replicates are A, B, and C) 
• Control (0%):   A) 55.2, B) 62.0, C) 57.6 
• Salinity Control (0%):  A) 50.8, B) 70.4, C) 55.6  
• 4.5%:   A) 61.4, B) 50.8, C) 67.0 
• 9.0%:   A) 63.0, B) 56.0, C) 61.0 
• 18.0%:  A) 68.6, B) 53.2, C) 61.0 
• 36.0%:  A) 53.8, B) 48.6, C) 51.6 
• 72.0%:   A) 31.2, B) 36.4, C) 11.2 

iii. **Estimate of IC25 (95% CL) for cystocarp development 
• Test 1: na 
• Test 2: IC25 concentration = 26.6 (20.8 – 31.5)% effluent v/v  
• Test 3: IC25 concentration = 45.3 (36.3 – 58.1)% effluent v/v 

• Quantal statistic method was linear interpolation (200 resamples) determined using ToxCalc 
v5.0.23 

iv. Current reference toxicity tests (95% CL) for IC50 for cystocarp development 
• Reference toxicity tests for Toxicant: Sodium Dodecyl Sulfate 

• Test 1: na 
• Test 2: Test conducted on July 27, 2004, within 30 days of effluent test 

• Reference toxicant test was conducted under the same experimental conditions as the 
effluent test  

• IC50 cystocarp development = 1.48mg/L SDS, 95% CL = (1.38 - 1.62) mg/L  
• Reference toxicity warning limits 1.40 (+/- 2SD) for IC50 for cystocarp development 

• Test 3: Test conducted on July 27, 2004, within 30 days of effluent test 
• Reference toxicant test was conducted under the same experimental conditions as the 

effluent test  
• IC50 cystocarp development = 1.48mg/L SDS, 95% CL = (1.38 - 1.62) mg/L  
• Reference toxicity warning limits 1.40 (+/- 2SD) for IC50 for cystocarp development 

 
v. Reference toxicant warning limits (+/- 2SD) for IC50 for cystocarp development 

• Reference toxicity tests for Toxicant: Sodium Dodecyl Sulfate 
• Test 1: na 
• Test 2: 1.40 (1.6-1.70) mg/L SDS 
• Test 3: 1.40 (1.6-1.70) mg/L SDS 

 



 

 

Note that Pages 1.1-1.4, 2.1-2.4, 3.1-3.4 are included in the hardcopy paper report only. This data can also be found 
in Appendix E. Note that the champia test lab reports are only included in the hardcopy paper report, not in this pdf.



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

APPENDIX D 
 

Acute Toxicity Testing Laboratory Reports 
 







































 

 

APPENDIX E 
 

Sublethal Toxicity Testing Laboratory Reports 









































































































































































































































































































 

 

APPENDIX F 
 

Letter from Environment Canada to Teck Cominco Metals, Ltd. re: Polaris 2004 
Annual Report (dated August 9, 2005) 



1 + 1 Environment Environnement

Canada Canada

Prairie & Northern Region
Environment Canada
Rm 200, 4999 98th Ave.
Edmonton, AB T6B 2X3

Bruce Donald
Cominco Mining Partnership & Teck Cominco Metals Ltd.
Bag 2000
Kimberley, BC
V1A3E1

August 9, 2005

Dear Bruce Donald,

RE: Polaris 2004 Annual Report

In our review of the Polaris 2004 Annual Effluent and Water Quality Report, due March
31, 2005, it was noted that some Environmental Effects Monitoring (EEM) information
does not appear to have been provided as required under Metal Mining Effluent
Regulations (Schedule 5, Part 1). Please see the appended list of deficiencies relating
to effluent characterization, water quality monitoring and sublethal toxicity testing for
your facility.

If missing information was collected but not included in the above report, please submit
this information to Environment Canada by September 30, 2005. Please ensure that all
deficiencies are addressed in future reports. Failure to provide all information required
under the Environmental Effects Monitoring Program will result in non-compliance.

Please be reminded that guidance is provided on the National EEM Website to assist
you, at httc://www.ec.ac.ca/eem/Enalish/Publications/web cublication/ec water/.
If you have any questions, please do not hesitate to contact me [Phone (780) 951-8754,
jenny.ferone@ec.gc.ca].

Sincerely ,

~~",-Q.o- 2,-\...J ~ (~~
Jenny Ferone, Regional EEM Coordinator }

,
j
)

Peter Blackall
Chuck Brumwell
Ken Russell

cc

www.ec.gc.ca



Polaris (7834-3-37/C263-9)
2004 Annual Effluent and Water Quality Review

General:
. Methods, detection limits, and QA/QC need to be included in the future.
. Latitude/longitude and description of reference and exposure areas need to be

included in hard copy.
. No units given in the hard copy for measured parameters in the Effluent or Water

Quality tables.

Effluent Characterization:
~

. Collected and analyzed four effluent samples, but due to short discharge period
(July and August only) only two were more than one month apart. Remaining two
were only three days short of being one month apart.

. No methods described or detection limits, no QA/QC data or description.

Water Qualitv:
. Only two water sampling dates were more than one month apart due to short

sampling period (July and August). Three samples were analyzed.
. No latitude or longitude of reference or exposure sampling areas in hard copy; No

description of the ref or exp area - both described as Garrow Bay.
. No methods described or detection limits, no QA/QC data or description.

Sublethal Toxicitv:
Please note that laboratories performing sublethal tests should provide all information
required on the Environment Canada checklists (Annex C of the Metal Mining Guidance
Document).

. A subset of the sublethal reports submitted by mines in the Prairie and Northem
Region were sent for independent verification by Environment Canada
toxicologists. This subset includes the test results submitted by your facility. We
will inform you of any additional sublethal deficiencies identified by our reviewers
once they have finished their review.

. For first sampling LC50 reported twice for fish species.

. First and second sampling: No LC50 done for sand dollar.

. All comments below are for both sampling dates (July 27 and August 24) unless
otherwise stated

Atherinops affinis
. Information on labeling/coding of sample was not reported.
. Temperature of sample upon arrival at lab was not reported.
. The date that the sample was received at the lab was not reported.
. Dates or days during test when sub-samples or multiple samples were used, was

not reported.
. The date for test completion was not reported.
. Temperature, DO, pH, and salinity of test solution and controls were not reported

for each 24hr exposure period. They were only reported for the start of the test.
. Only give the final average mortality for each test concentration instead of the

mortality as noted during each 24hr observation period



. Only give the average dry weight of each concentration instead of for each
replicate of each concentration - also no indication if preserved in
formalin/ethanol or not. If not preserved then 2 test concentration have weights

<O.85mg (17.3% & 69%).
No preparation procedure of salinity adjustment was reported..

Champia palVula. Information on labeling and coding of sample was not reported.
. The date for sample receipt at the lab was not reported.
. The date for test completion was not reported.
. Procedure and preparation of the hypersaline brine was not reported.
. The type and quantity of chemicals (if any) added to the control/dilution water was

not reported.
. Temperature, DO, pH and salinity of test solutions and controls were not reported

for the start and 48hr of the exposure period or for the beginning and end of the

recovery period.. No note if there was anything unusual about the test organism prior to the test or
if there was anything unusual about the test itself.

. Only the mean # of cystocarps per plant for each test concentration was reported.
Needed to report the mean # of cystocarps per plant in each test vessel (in each
replicate of each conc. and controls).

. No indication of quantitative statistic used to determine IC25 value.

Dendraster excentricus
. Information on labeling/coding of sample, the date it was received and its

temperature upon arrival at lab were all not reported.
. There was no mention of the condition of the adult organisms prior to use.
. No note if there was anything unusual about the test organisms prior to use or

anything unusual about the test itself.
. No procedure for salinity adjustment was reported - only statement that they

followed EC guidance document.
. Only 100eggsl vessel were used - should have been 2000 for the 1 OmL test

volume.
. No indication of quantitative statistic used to determine the IC25 value.



 

 

APPENDIX G 
 

Letter from Azimuth Consulting Group, Inc. to Environment Canada re: 
Clarification of reporting issues outlined in August 9, 2005 letter (dated September 

14, 2005)  

 



Jenny Ferone  
Regional EEM Coordinator 
Prairie & Northern Region 
Environment Canada 
Rm 200, 4999 98th Ave. 
Edmonton, AB, T6B 2X3  
    
September 14, 2005 

Dear Ms. Ferone, 

Re: Clarification of reporting issues outlined in Environment 
Canada’s letter to Teck Cominco regarding the Polaris 2004 EEM 
Annual Report  

This letter is being written on behalf of Teck Cominco Metals Ltd. in response to 
Environment Canada’s letter to Teck Cominco, dated August 9, 2005, regarding 
purported deficiencies in the Polaris 2004 Annual Effluent and Water Quality Report. 
Azimuth staff prepared the report and will be addressing the issues outlined in your 
letter by providing a revised 2004 EEM Annual Report. However, there are a few 
questions and clarifications that we would like to draw to your attention, to ensure 
that we include all required information in the revised report and that there are no 
misunderstandings or further deficiencies. Our specific responses to each of the 
points raised in the review letter are as follows: 
 
General: 
 
• Methods, detection limits and QA/QC will be included in all future reports 
• Latitude and longitude and a description of the reference and exposure areas will 

be provided in the hard copy 
• Units for water quality will be provided 
 
Effluent Characterization: 
 
• Effluent was collected and tested within allowable time periods, given the short 

duration of effluent discharge at Polaris.  
• Methods, detection limits and QA/QC will be provided in the hard copy 
 

 

Azimuth Consulting 
Group Inc. 
218-2902 West Broadway 
Vancouver, BC  
Canada V6K 2G8 
 
 
Phone: 604-730-1220 
Fax:  604-739-8511 
www.azimuthgroup.ca 
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Water Quality: 
 
• Sampling of water quality was optimized to collect as many samples as possible, 

given short duration of discharge  
• Latitude and longitude of exposure and reference areas were provided in the 

electronic copy; these will also be provided in the hard copy 
• Methods, detection limits and QA/QC will be provided in the hard copy 

 
Sublethal Toxicity: 
• “The first sampling LC50 reported twice for fish species.” We presume the 

reviewers referring to the topsmelt tests. If so, we conducted 3 acute lethality 
tests on topsmelt in 2004. Results of all three tests are reported in the EEM under 
point iii of the Results. These values are listed as >72.6%, >69.0% and >71.0%.  

• “First and second sampling: No LC50 done for sand dollar.” The sand dollar test 
is strictly a sublethal fertilization test, and no LC50 is measured.  

 
Atherinops affinis 
• Information on labeling and coding of samples will be reported 
• Temperature on sample receipt at the lab will be reported.   
• Date of sample receipt at the lab will be reported 
• Dates or days when sub- or multiple samples were used will be reported 
• Date for test completion will be reported 
• “Temperature, DO, pH, and salinity of test solution and controls were not reported 

for each 24hr exposure period…” The laboratory (EVS) hand writes temperature, 
DO and pH on hard copy forms and does not enter these electronically. PDF 
copies of these forms will be provided with our hard copy report. 

• “Only give the final average mortality for each test concentration instead of the 
mortality as noted during each 24hr observation period.” As above, these are 
written by hand in hard copy by the lab. PDF copies will be provided with the final 
report. 

• Comment regarding the dry weights of each replicate for each test 
concentration… “If not preserved then 2 test concentration have weights <0.85mg 
(17.3%, and 69%).” Dry weights will be reported for each replicate of each 
concentration. Note that the 0.85mg test validity benchmark only refers to the 
controls. If there is a sublethal effect, such as slower growth, exposed animals 
will necessarily weigh less than the control and may weigh less than 0.85 mg.  

• “No preparation procedure of salinity adjustment was reported.” Information 
regarding salinity adjustment was presented under point ix under Test Facilities 
and Conditions. The following text was included:  

ix. Indication that EC guidance document for salinity adjustment was 
followed 
• The following was done for all 3 tests: 

o No deviations from EC guidance document on 
preparation of hypersaline brine (HSB) 
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o HSB prepared from natural seawater concentrated to 
90ppt (by freezing/refreezing to remove frozen layer 
and concentrate salts) 

o No deviations from EC guidance document for salinity 
adjustment of sample 

o HSB was added to samples to salinity adjust them to 
30ppt 

We presume that this level of information is sufficient. If not, please let us know 
what additional information is required. Note that for the topsmelt and echinoderm 
tests, the lab reports state: “Salinity: 30±2 (sample adjusted with hypersaline brine 
[HSB]. Preparation of HSB and salinity adjustment as per EC guidance document 
on salinity adjustment – July 1997)” 
 
Champia parvula 

• Information on labeling and coding will be provided in the revised final report 
• Date for sample receipt at the lab will be reported 
• Date for test completion will be reported 
• “Procedure and preparation of the hypersaline brine was not reported.” Under 

point vii. of Test Conditions and Facilities we indicate: 
• No deviations from EC guidance document on preparation of 

hypersaline brine 
• HSB prepared from natural seawater at 90ppt  
• No deviations from EC guidance document for salinity 

adjustment of sample 
• Salinity adjustment: 600mL effluent + 250mL HSB + 8.5mL 

test nutrient solution 
• Salinity of samples adjusted from 4ppt to 30ppt 

The lab report indicated for hypersaline brine that it was “Prepared from natural 
seawater, at 90 ppt salinity.* As per EC guidance document on salinity adjustment”. 
We presume that this is a sufficient level of detail. If not, please advise us what 
additional information the laboratory can provide to satisfy this comment.  
• “No note if there was anything unusual about the test organism prior to the test or 

if there was anything unusual about the test itself”. We will include appropriate 
observations about the test in future reports. With regards to the organisms, 
under point iii of Test Organisms we indicated that “[test species]… 

• Sexually mature male and female branches 
• Obtained from USEPA, Hatfield Marine Science Center, 

Newport Oregon, 1995 
• Appear in good health   
• Females have trichogynes, males have sori with spermatia 

We presume this is a sufficient level of detail. If not, please advise us on what 
additional information the laboratory can provide to satisfy this comment. 

• “No indication of quantitative statistic used to determine the IC25 value.” Under 
point iii. of Results, we stated “Quantal statistic method was linear interpolation” 
We presumed this was sufficient. Please advise if the reviewer wishes us to 
elaborate on this method. 
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Dendraster excentricus 

 
• Information on labeling/coding, date of receipt, temperature at arrival at laboratory 

will be provided  
• “There was no mention of the condition of the adult organisms prior to use.” 

Under point xi (Test Organisms) it is stated that “organisms appear healthy”. We 
presumed this was sufficient information. If not, please elaborate on what 
additional level of detail is required. 

• Future reports will note if there is anything unusual observed about the organisms 
or the test. 

• “No procedure for salinity adjustment was reported – only statement that they 
followed EC guidance document” Under point ix (Test Facilities and Conditions) 
we make the following comments on hypersaline brine and salinity adjustment.  

x. Procedure for preparation of hypersaline brine (HSB) as per EC 
guidance document on salinity adjustment – July 1997  
• Test 1: na 
• Test 2: 30 ppt adjusted with hypersaline brine (HSB).  

Preparation of HSB and salinity adjustment as per EC 
guidance document on Salinity adjustment – July 1997 

• Test 2: 30 ppt adjusted with hypersaline brine (HSB).  
Preparation of HSB and salinity adjustment as per EC 
guidance document on Salinity adjustment – July 1997 

xi. Procedure for salinity adjustment as per EC guidance document on 
salinity adjustment – July 1997  
• No deviations from EC guidance for salinity adjustment 
• Test 1: na 
• Test 2: salinity adjusted from 2.8 to 28 ppt 
• Test 3: salinity adjusted from 5 to 28 ppt 

We presume that this is a sufficient level of detail and was according to EC 
guidance. For both topsmelt and echinoderm tests the original lab report methods 
for salinity state “30±2 (sample adjusted with hypersaline brine [HSB]. 
Preparation of HSB and salinity adjustment as per EC guidance document on 
salinity adjustment – July 1997)” Please advise if your reviewers would like us to 
obtain more information from the laboratory. 

• The laboratory does use 2000 eggs/10 mL, although a subset of 100 eggs are 
evaluated to determine the overall fertilization rate. We will clarify this.  

• Quantitative statistic for determining IC25 will be provided. 
 

We have raised a few issues where further guidance from your office is required. 
These are stated above as assumptions where clarification is requested from your 
office. We have incorporated all other appropriate additional information requested by 
the reviewers into a revised 2004 Polaris Annual Report. Once we have received a 
response from your office we will finalize this revised report. If we do not have a 
response from your office by Monday September 26, 2005, we will finalize the report 



  Page 5  September 28, 2005 

following our assumptions as stated in this letter, and submit the revised report by the 
September 30, 2005 deadline. 
 
We would also like to communicate to Environment Canada that the electronic and 
hardcopy versions of the EEM report are not harmonized, as different information is 
requested for the two reports. As it is currently, the addition of the electronic report 
results in a duplication of effort and confuses the reporting requirements, rather than 
resulting in a more streamlined reporting process.   
 
 
Sincerely, 
 
 
 
 
 
Cheryl Mackintosh, M.R.M., R.P.Bio. 
 
Azimuth Consulting Group Inc. 
218-2902 Broadway West 
Vancouver, BC, V6K 2G8 
P: 604-730-1220 
F: 604-739-8511 
e-mail: cmackintosh@azimuthgroup.ca 
 
 



 

 

APPENDIX H 
 
 Polaris Mine – Revised 2004 3rd Quarter Metal Mining Effluent Regulations 

Report (dated March 22, 2005) 
 



  
 
 
 
 

           Bruce J. Donald 
            Reclamation Manager 
 
March 22, 2005 
 
 
 
Prairie & Northern Region 
Environment Canada 
Room 200, 4999 98th Ave. 
Edmonton, AB  T6B 2X3 
 
 
Attention: Peter Blackall, Regional Director of Environmental Protection 
 
 
 
Dear Sir; 
 
Re: Polaris Mine – Revised 2004 3rd Quarter Metal Mining Effluent Regulations Report 
 
Please find attached a revised Polaris Mine 3rd Quarter MMER regulatory data tables. The reason for the revision 

is to ensure consistency between the data entered electronically online through the RISS system, and the hard 

copy Annual and 3rd Quarter reports provided.  As explained in the original 3rd Quarter report cover letter, effluent 

from Garrow Lake ceased flowing by mid-August but surface run off from adjacent slopes maintained minimal 

water flow at the designated final discharge point into August.  By August 17, there was water at the final 

discharge point in a pool, but flow was too low to be measured.  As a result, regulatory concentration data in the 

3rd Quarter had originally been submitted with average daily flows of 0 m3 per day for the weeks of Aug. 17, Aug. 

24, and Aug. 31, 2004.  However, we continued to collect effluent, water quality and acute and sublethal toxicity 

samples on these latter three dates.  Upon submitting the regulatory data into the online RISS system for the 

annual report, these August concentration data were not accepted with a flow rate of zero. Thus a nominal flow 

rate of 1 m3 per day was entered.  As a result the loadings data set is slightly different from the data submitted in 

the original 3rd Quarter report.   Note that these low flow conditions during August, as well as their implications 

for effluent sampling, were discussed with Environment Canada representatives early in August.   

 

 

 

 

 

 

 



 

 

 

 

 

If you have any questions regarding the annual report or aspects of the application of the MMER to the Polaris 

Mine, please feel free to contact me at any time. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Yours truly, 

 

Original signed by B. Donald 

Bruce Donald 

 

Attachments:  Revised 2003 3rd Quarter Regulatory Data 

cc:   Walter Kuit (Teck Cominco Limited) 

 Randy Baker (Azimuth Consulting Group) 



Sample Taken
During The Date Collection

Week of Sample Taken Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2261 pH1 Method
5-Jul-04 7-Jul-04 0.00100 0.00265 0.0050 0.00269 0.00442 0.1980 117 0.0200 8.05 Grab

12-Jul-04 13-Jul-04 0.00200 0.00070 0.0050 0.00032 0.00204 0.1060 5.7 0.0070 7.90 Grab
19-Jul-04 20-Jul-04 0.00200 0.00043 0.0050 0.00084 0.00088 0.0435 3.0 0.0050 7.86 Grab
26-Jul-04 27-Jul-04 0.00100 0.00052 0.0050 0.00157 0.00207 0.0429 3.0 0.0050 7.87 Grab
2-Aug-04 3-Aug-04 0.00020 0.00082 0.0050 0.00280 0.00338 0.0349 3.3 0.0060 8.00 Grab
9-Aug-04 10-Aug-04 0.00100 0.00100 0.0055 0.00120 0.00748 0.0482 3.0 0.0050 8.04 Grab
16-Aug-04 17-Aug-08 0.00020 0.00121 0.0050 0.00177 0.00644 0.0418 5.3 0.0100 7.95 Grab
23-Aug-04 24-Aug-04 0.00020 0.00134 0.0050 0.00119 0.00967 0.0498 4.4 0.0080 7.84 Grab
30-Aug-04 31-Aug-04 0.00020 0.00137 0.0050 0.00261 0.01340 0.0794 14.5 0.0080 7.90 Grab
6-Sep-04 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2

13-Sep-04 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2

20-Sep-04 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2

27-Sep-04 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2

Note1 - All concentrations are in mg/L except Radium 226 which is Bq/L and pH which is in pH units
Note 2  -  "nd" refers to no effluent discharge to sample

Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 226
0.0015 0.00107 0.0050 0.00135 0.00235 0.0976 32 0.0093
0.0004 0.00115 0.00510 0.00191 0.00807 0.0508 6.1 0.0074

nd2 nd2 nd2 nd2 nd2 nd2 nd2 nd2

Note1 - All concentrations are in mg/L except Radium 226 which is Bq/L
Note 2  -  "nd" refers to no effluent discharge to sample
Note3 - Monthly Mean Concentrations - the MEAN value of the concentrations measured in all water samples collected
           during each month when a deleterious substance is deposited.        

2004 3rd QUARTER MMER REPORT - REVISED
LOCATION - FINAL DISCHARGE POINT FROM GARROW LAKE (GARROW LAKE DAM SIPHONS)

CONCENTRATIONS OF EFFLUENT FOR MMER SCHEDULE 4 SAMPLED WEEKLY

DELETERIOUS SUBSTANCE (mg/L)1

MONTHLY MEAN CONCENTRATIONS OF EFFLUENT FOR MMER SCHEDULE 4

MONTHLY MEAN CONCENTRATION1 OF DELETERIOUS SUBSTANCE3

MONTH OF
July/04

August/04
September/04



Sample Taken Average Daily
During The Date Flow Rate

Week of Sample Taken Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2261 (m3/day)
5-Jul-04 7-Jul-04 0.018 0.048 0.091 0.049 0.080 3.588 2120 362,440         18,122

12-Jul-04 13-Jul-04 0.752 0.264 1.880 0.120 0.767 39.850 2143 2,631,608      375,944
19-Jul-04 20-Jul-04 0.205 0.044 0.512 0.086 0.090 4.458 307 512,395         102,479
26-Jul-04 27-Jul-04 0.028 0.015 0.141 0.044 0.058 1.211 85 141,090         28,218
2-Aug-04 3-Aug-04 0.005 0.022 0.132 0.074 0.089 0.923 87 158,700         26,450
9-Aug-04 10-Aug-04 0.026 0.026 0.142 0.031 0.194 1.248 78 129,470         25,894
16-Aug-04 17-Aug-08 0.000 0.000 0.000 0.000 0.000 0.000 0 0 1
23-Aug-04 24-Aug-04 0.000 0.000 0.000 0.000 0.000 0.000 0 0 1
30-Aug-04 31-Aug-04 0.000 0.000 0.000 0.000 0.000 0.000 0 0 1
6-Sep-04 nd2 0 0 0 0 0 0 0 0 0
13-Sep-04 nd2 0 0 0 0 0 0 0 0 0
20-Sep-04 nd2 0 0 0 0 0 0 0 0 0
27-Sep-04 nd2 0 0 0 0 0 0 0 0 0

Note1 - Mass Loading is in kilograms per day of the deleterious substance deposited except Radium 226 which is in Bq per day
Note 2  -  "nd" refers to no effluent discharge to sample

Average Weekly Total Monthly
Flow Rate3 Volume4

Arsenic Copper Cyanide Lead Nickel Zinc TSS Radium 2262 (m3/week) (m3/month)
7.77            2.87         20.33       2.31         7.71         380.58     36,078.15    28,268,381   131,191                4,066,913                 
0.19            0.29         1.70         0.65         1.76         13.46       1,022.95      1,786,654      10,469                   324,551                    

0 0 0 0 0 0 0 0 0 0
Note1 - Total Mass Loading for Calendar month calculated by multiplying the Average Daily Mass Loading for the Month x # days in the month
Note2 - Mass loading units are in kg per month except Radium 226, which is in Bq permonth
Note3 - Average Weekly Flow Rate calculated by multiplying Average Daily Flow Rate x 7 days per week
Note4 - Total Monthly Volume calculated by multiplying Average Daily Flow Rate for the month x days in month

MASS LOADING OF DELETERIOUS SUBSTANCE FOR EACH DAY SAMPLED

DAILY MASS LOADING OF DELETERIOUS SUBSTANCE (kg/day)1

MASS LOADING PER CALENDAR MONTH FOR EACH DELETERIOUS SUBSTANCE

August/04
September/04

CALENDAR MASS LOADING1 FOR DELETERIOUS SUBSTANCE (kg/month)2

MONTH OF
July/04
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