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Figure 3.9 Recommended CREMP Sediment and Benthic Monitoring Stations following the 2015 Program  
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Figure 3.10 Recommended CREMP Reference Lake 3 Monitoring Stations following the 2015 Program 
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Table 3.7 Sediment Quality CREMP Stations Details 
Station ID Easting Northing Sediment Benthic 

Macroinvertebrates 
Description/Rationale

NAD 83, Zone 17N 

Mary Lake (North Basin) 

BL0-01 554690 7913194 X X North basin receiving water from Camp La

Mary Lake (South Basin) 

BL0-06 555924 7903760 X X Main basin near outlet of Mary River 

BL0-08 555420 7904237 X  Main basin between BL0-05 and BL0-06 

BL0-10 555038 7905069 X  Main basin between BL0-05 and BL0-06 

BL0-11 554987 7905976  X Main basin near outlet of Mary River 

BL0-12 554641 7905752 X  Main basin near outlet of Mary River 

TBD TBD TBD X X Main basin near outlet of Mary River 

TBD TBD TBD X X 
Main basin nearshore between BL0-12 and
BL0-10 

TBD TBD TBD X X Main basin near south shore  

Mary River (D/S of SDL) 

C0-05 558352 7909170  X Mainstem - downstream of Mine Site 

SDL-Tributaries 

SDLT-1-R1 560320 7913504  X Tributary SDLT-1 

SDLT-9-DS 561770 7911810  X Tributary SDLT-9 

SDLT-12 560776 7912867  X Tributary SDLT-12 

Sheardown Lake NW 

DD-Hab 9-
Stn 2 

560323 7913402 X X Nearshore station 

DL0-01 560079 7913128 X  Mid-lake position 

DL0-01-2 560353 7912924 X  Mid-lake position 

DL0-01-3 560474 7912833 X X Southeastern region 

DL0-01-5 559798 7913356 X  Near treated wastewater discharge locatio

DL0-01-8 560329 7913197 X X Mid-lake position 

DL0-01-9 560750 7913077 X X Eastern region, near SDLT-9 inflow stream

DL0-01-10 560580 7912537 X X Near outlet channel to Southeast Basin 

Sheardown Lake SE 

DL0-02-1 560813 7912116 X X Near inlet channel from Northwest Basin 

DL0-02-3 561046 7911915 X X Mid-lake position 

DL0-02-9 561414 7911804 X X Eastern region 

DL0-02-11 561688 7911801 X X Eastern region near SDLT-9 stream inflow

DL0-02-13 561237 7911943 X X Mid-lake position 

Mary River (US of SDL) 

E0-20 561688 7911272  X Near EEM near field exposure area 

E0-01 562942 7912274  X 
Downstream of Deposit 1 near sewage 
outfall 

G0-03 566516 7912618  X Upstream of Deposit 1 

G0-09 571341 7917169  X 
Mary River Reference Area - Upstream of 
Deposit 1, 2 and 3 

Camp Lake 

JL0-02 557614 7914750 X X 
On gradient transect between CLT-1 and 
lake outlet. 

JL0-07 556800 7914094 X  

JL0-11 556598 7913935 X  

JL0-14 557235 7914222 X  Mid-lake position 

JL0-16 556329 7914456 X X Near northwest shoreline 

JL0-21 556935 7914913 X X Along the northwest shoreline 

TBD TBD TBD X X Near northwest shoreline 
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Station ID Easting Northing Sediment Benthic 
Macroinvertebrates 

Description/Rationale 

NAD 83, Zone 17N 

Camp Lake cont’d 

TBD TBD TBD X X Near southwest shoreline 

TBD TBD TBD X X Near southeast shoreline 

Camp Lake Tributaries 

CLT-1 DS 557645 7914878  X Lower reach of CLT-1 near lake outlet 

CLT-1-US 558504 7915022  X Upstream of CLT-1 near natural fish barrier 

CLT-2 DS 557466 7914969  X Lower reach of CLT-2 near lake outlet 

CLT-2-US TBD TBD  X Upper reach of CLT-2  

CLT1-L2* TBD TBD  X CLT1 Upper Main Stem, DS of QMR2 

Reference Tributary 

CLT-REF4* TBD TBD  X Camp Lake Tributary Reference Area 4 

Reference Lake 

REF-03-1 575992 7852572 X X Nearshore southeast shoreline 

REF-03-2 574200 7852330 X X Nearshore south shoreline 

REF-03-3 574564 7852840 X X Nearshore north shoreline 

REF-03-4 574301 7852705 X X Mid-lake position 

REF-03-5 573694 7853613 X X Nearshore northwest shoreline 

REF-03-7 575076 7852750 X  East Mid-lake position 

REF-03-9 574168 7852975 X  Mid-lake position 

REF-03-10 574358 7853400 X  Northwest shoreline 

TOTAL   38 41  

NOTES: 
1. STATION LOCATIONS PROPOSED BASED ON AVAILABLE SUBSTRATE AND WATER DEPTH DATA, SUBJECT TO 

CHANGE FOLLOWING IN-SITU FIELD CONFIRMATION OF CONDITIONS. 

 

3.5.6 Study Design and Data Analysis 

The purpose of sediment quality monitoring is to answer the same question posed in regard to water 
quality:  

“What is the estimated mine-related change in contaminant concentrations in the exposed area?”  
 
To answer this question, the study has been designed to test the following three hypotheses: 

 Null hypothesis: Change over time is the same for exposure and reference stations.  Alternate 
hypothesis:  Data from exposure stations is statistically different from data measured at reference 
stations. 

 Null hypothesis: Difference between exposure and reference stations is due to natural 
environmental variation.  Alternate hypothesis: Difference in exposure and reference station is due 
to mine effects. 

 Null hypothesis: Magnitude of concentrations at the exposure station does not exceed 
the benchmark.  Alternate hypothesis: Magnitude of concentrations at the exposure station 
exceeds the benchmark.   

The sediment quality CREMP monitoring program will focus solely on sediment in lakes, since the 
depositional characteristics found within the lakes is the final sink for natural and project-related 
contributions to sediment load.  
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Environment Canada (2012) recommends a Control-Impact (CI) or Gradient Sample design for 
detection of effects in the lake environment benthic invertebrate community (Figure 3.8).Stations are 
generally situated on a gradient type approach within each lake while the analysis is conducted using 
a CI approach. A gradient sample design has been defined for the CREMP lake sediment stations that 
is integrated with benthic invertebrate sampling and utilizes several historic sediment sampling 
locations that meet the cut-off criteria (Section 3.5.2). Within each mine exposed study lake and 
Reference Lake 3, stations are positioned to allow for the evaluation of any spatial differences in 
sediment chemistry in order to determine potential gradients in metal concentrations associated with 
mine sources (i.e. mine exposed tributaries). 

As mentioned before, Reference 3 Lake was established as the reference lake for the CREMP in 2015. 
Being located outside of the mine area, Reference Lake 3 is expected to be unaffected by local 
mineralization to the extent that the mine site lakes are. Therefore, a control-impact approach to 
monitoring change in the mine site lakes may require use of various statistical approaches to assist 
with the detection of Project-related changes to sediment quality. 

Additionally, a before-after comparison of monitoring data to baseline data will be conducted to detect 
Project-related changes to sediment quality.  

In addition, the gradient design selected for lake sediment quality will allow for an assessment of the 
spatial extent of mine impacts. Since effluent discharges are fixed and dust deposition can be expected 
to occur in a gradient, it is expected that concentrations will decrease as the distance from the mine 
increases. In the absence of appropriate control data, it may be necessary to use the exposure data 
alone to assess mine effects. Mining effects could be observed in several ways: 

 Before-After: concentrations increase over time at a given station 

 Gradient effect:  concentrations increase with increasing proximity to the mine 

 Gradient effect changes over time: concentrations are stable across the gradient during baseline 
but increase with increasing proximity to the mine after mining commences. That is, concentrations 
increase over time at stations close to the mine but remain relatively stable at far field stations 
(i.e., the slope of the gradient effect increases over time).  

In addition, because there is a relationship between sediment SOPCs, increases in multiple 
parameters can be used in a weight of evidence to identify project-related changes.     

3.5.7 Assessment Framework 

Monitoring data will be assessed during each year of monitoring and would follow the assessment 
framework as outlined in Figure 2.12 and described below. The assessment framework for sediment 
quality monitoring closely mirrors that described for water quality in Section 2.6.8, with minor 
differences. 

3.5.7.1 Step 1: Initial Data Analysis 

Initial data analysis will involve following specific data management and monitoring protocols in the 
handling and initial comparison of data.   

Data Input and Storage 
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Following data collection, and upon receipt of the laboratory reports, data will be entered into the 
Project EQWin® database.   

Initial Data Analysis including Outlier Assessment 

The initial data analysis will include a number of possible steps, such as the following:  

 Completion of summary statistics (average, median, maximum, minimum, quartiles) 

 Flagging of sediment samples that do not meet the TOC and % sand cut-off values 

 Flagging of values greater than the defined benchmark values  

 Flagging of values at or exceeding the mid-point between the baseline mean and the benchmark 

 Evaluating temporal changes in the data by season  

The initial data analysis will include an outlier assessment after data entry and the completion of quality 
assurance and quality control steps. An outlier assessment is completed after each round of sampling 
to ensure data anomalies are identified early. If necessary, the laboratory can be contacted 
to re-analyze samples.  Any identified outliers will be investigated to ensure no data integrity issue 
exists. For example, duplicate samples will be assessed along with any holding time exceedances.  If 
no evidence exists to discard data, then the data will remain in the dataset but be flagged for future 
consideration. 

3.5.7.2 Step 2: Determine if Change is Mine Related 

Step 2 involves determining if the changes in sediment quality parameters of concern are due to the 
Project or due to natural variability or other causes.  This question will be addressed using exploratory 
data analysis (EDA) and subsequently using statistical data analysis (SDA), as described below.   

Prior to conducting EDA and SDA, Project activities with the potential to alter sediment quality will be 
reviewed to identify potential Project-related causes or sources.  This could include evaluating effluent 
quality, discharge regime/rates, and loading, dust deposition, and other point/non-point sources as 
required. Also, any evidence of potential natural causes (i.e., a major erosional event such as a 
slumping riverbank) will be investigated. Sampling data sheets and site personnel will be a source of 
this information. 

Exploratory Data Analysis  

Exploratory data analysis (EDA) will be completed to visualize overall data trends. This could include 
evaluating spatial patterns in sediment quality results for mine area lakes to evaluate if changes are 
widespread or specific to certain waterbodies, or proximate to mine-related sources, and to identify 
the spatial extent and pattern of observed changes.   

Data from Mine Area lakes will be compared to data from Reference Lake 3.  This will further assist 
with determining whether the observed changes were due to natural variability or the Project. 

These graphical analyses will also confirm assumptions required for statistical testing (normality, 
sample size, independence).  Results of the EDA will be used in tandem with the SDA to confirm the 
observed statistical trends and can be used to evaluate the potential for biologically relevant change. 

Statistical Data Analysis  

Primary SDA will be completed using methodology consistent with the before-after design used for the 
power analysis.  This will be used to assess the potential magnitude of change during post-mining.  
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This step in the analysis tests the primary hypothesis for the effects of mine-related change and can 
be applied to the parameters of interest. 

If the Step 2 analysis concludes that the changes in sediment quality parameters of concern are, or 
are likely, due to the Project, the assessment will proceed to Step 3.  If it is concluded the observed 
differences relative to baseline conditions are not due to the Project, no management response will be 
required. 

3.5.7.3 Step 3: Determine Action Level 

Once EDA and primary SDA has indicated with some certainly that the measured change is 
project-related, Step 3 involves determination of the action level associated with the observed 
monitoring results through comparisons to the benchmark.   

If the benchmark is not exceeded, a low action response would be undertaken and would include: 

 Evaluate temporal trends 

 Identify likely source(s) and potential for continued contributions 

 Confirm the site-specific relevance of benchmark and establish a site-specific benchmark, if 
necessary 

 Based on evaluations, determine next steps 

If the benchmark is exceeded and it is concluded to be due to, or likely due to, the Project, a moderate 
action level response would be undertaken and would include, in addition to analyses identified in 
for a low action response, the following: 

 Consider a weight-of-evidence (WOE) evaluation and/or risk assessment, considering other 
monitoring results collectively with sediment quality to evaluate effects on the ecosystem 

 Evaluate the need for and specifics of increased monitoring 

 Evaluate the need for additional monitoring (e.g., confirmation monitoring) and/or modifications to 
the CREMP 

 Consider results of the trend analysis (i.e., trend analysis indicates an upward trend) and 
evaluation of potential pathways of effect (i.e., causes of observed changes) to determine if 
management/mitigation is required 

 Identify next steps based on the above analyses.  Next steps may include those identified for the 
high action level response. 

A quantitative trigger for the high action level response has not been identified as the need for 
additional study and/or mitigation will depend on the ultimate effects of the observed increases in 
sediment quality parameters of concern on the lakes as a whole, as well as the monitoring results from 
the freshwater biota CREMP. Also, the benchmark may need to be revised in consideration of ongoing 
monitoring results.  The precise relationships between water quality, sediment quality and lower trophic 
level changes and the collective effects on fish is difficult to predict and therefore actions undertaken 
under Level 2 will attempt to explore these relationships to advise on overall effects to the ecosystem.  
Results would be discussed with regulatory agencies and the next steps would be identified.  Additional 
actions that may be implemented in a subsequent phase (i.e., high action level response) include: 

 Implementation of increased monitoring to confirm effects and/or define magnitude and spatial 
extent of effects if warranted 
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 Implementation of mitigation measures or other management actions that may be identified under 
the moderate action level response 

  



 April 2016 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

Page 65 of 71 Revision 3

 

4 – REFERENCES 

Agresti, A, 1990. Categorical Data Analysis. Wiley Series, New York. 

Baffinland Iron Mines Corporation, 2012. Mary River Project - Final Environmental Impact Statement. 
February. 

Baffinland Iron Mines Corporation, 2013a. Mary River Project - Aquatic Effects Monitoring Program 
Framework. February. 

Baffinland Iron Mines Corporation, 2013b. Mary River Project - Updated Aquatic Effects Monitoring 
Program Framework. December. 

Baffinland Iron Mines Corporation, 2014. Mary River Project - Aquatic Effects Monitoring Plan. 
In-progress. 

Canadian Council of Ministers of the Environment, 2002. Canadian sediment quality guidelines for the 
protection of aquatic life: Introduction. Updated. In: Canadian environmental quality guidelines, 
1999, Canadian Council of Ministers of the Environment, Winnipeg. 

Canadian Council of Ministers of the Environment, 1999. Canadian water quality guidelines for the 
protection of freshwater aquatic life. Canadian Environmental Quality Guidelines Summary 
Table on-line, http://st-ts.ccme.ca/. Updated in 2014. 

Downing, J.A. and E. McCauley, 1992. The Nitrogen : Phosphorus Relationship in Lakes, in: Limnol. 
Oceanogr. 37(5), pages 936-945. The American Society of Limnology and Oceanography, 
Inc. 

Edwards, D., 1998. Data Quality Control/Quality Assurance, in: Data and Information Management in 
the Ecological Sciences: A Resource Guide. Michener, W.K., Porter, J.H. and Stafford, 
S.G. (eds.), LTER Network Office, Univ. of New Mexico, Albuquerque, NM, USA. 

Environment Canada, 2012.  Metal Mining Technical Guidance for Environmental Effects Monitoring.  
Available online at: https://www.ec.gc.ca/esee-eem/AEC7C481-D66F-4B9B-BA08-
A5DC960CDE5E/COM-1434---Tec-Guide-for-Metal-Mining-Env-Effects-
Monitoring_En_02[1].pdf 

Fletcher R., P. Welsh and T. Fletcher, 2008. Guidelines for Identifying, Assessing and Managing 
Contaminated Sediments in Ontario: An Integrated Approach. Queen`s Printer for Ontario. 
PIBS 6658e. May 2008.   

Green, R., 1979.  Sampling Design and Statistical Methods for Environmental Biologists.  In 
'Proceedings of the 29th Congress of the Australian Society of Limnology, Jabiru, NT, 
1990'. (Ed. R. V. Hyne.) pp. 105-23. (Office of the Supervising Scientist Alligator Rivers 
Region, Australian Government Publishing Service: Canberra.). 

Knight Piésold Ltd., 2013. 2013 Lake Surface Water and Sediment Quality Sampling Protocol. North 
Bay, Ontario.  Ref. No. NB102-181/33-2, Rev. A. July 31.  

Knight Piésold Ltd., 2012a. Compendium to Surface Water and Sediment Quality Baseline Report. 
North Bay, Ontario. Ref. No. NB102-00181/30-6, Rev. 0. January 30. 



 April 2016 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

Page 66 of 71 Revision 3

 

Knight Piésold Ltd., 2012b. Memorandum to Oliver Curran, Baffinland Iron Mines Corporation.  Re:  
Response to Environment Canada IR EC-23 on Site-Specific Water Quality Objectives. 
April 27.  North Bay, Ontario. Ref. No. NB12-00183. 

Knight Piésold Ltd., 2011. Surface Water and Sediment Quality Baseline Report.  North Bay, Ontario.  
Ref. No. NB102-00181/30-5, Rev. 0.  December 22. 

Knight Piésold Ltd., 2010a. Surface Water and Sediment Quality Baseline Report. North Bay, Ontario.  
Ref. No. NB102-00181/25-2, Rev. 0. October 29.   

Knight Piésold Ltd., 2010b. Compendium to Surface Water and Sediment Quality Baseline Report. 
North Bay, Ontario.  Ref. No. NB102-00181/25-16, Rev. 0. December 31. 

Knight Piésold Ltd., 2008. 2007 Baseline Water Quality Summary Report. Ref. No. NB102-00181/7-5, 
Rev. A. June 6. 

Knight Piésold Ltd., 2007. 2005/2006 Baseline Water Quality Summary Report. Vancouver, BC.  
Vancouver, BC.  Ref. No. NB102-00181/4-5, Rev. A. March 13. 

Horowitz, Arthur J., 1991. A Primer on Sediment-Trace Element Chemistry, 2nd Edition. United States 
Geological Survey, Open File Report 91-76. 

Indian and Northern Affairs Canada, 2009.  Guidelines for Designing and Implementing Aquatic Effects 
Monitoring Programs for Development Projects in the Northwest Territories.  Volume 6: 
Recommended Procedures for Evaluating, Compiling, Analyzing, Interpreting, and Reporting 
Data and Information Collected under the Aquatic Effects Monitoring Programs.  Available 
online at: http://mvlwb.com/sites/default/files/documents/INAC%20-
%20AEMP%20Guidelines%20-%20Volume%206%20-%202009.pdf 

Indian and Northern Affairs Canada, 2009.  Guidelines for Designing and Implementing Aquatic Effects 
Monitoring Programs for Development Projects in NWT: Overview Report.  Available online 
at: http://www.aadnc-aandc.gc.ca/DAM/DAM-INTER-NWT/STAGING/texte-
text/aemp_1313792165251_eng.pdf 

Intrinsik Environmental Sciences Inc., 2014. Development of Water and Sediment Quality Benchmarks 
for Application in Aquatic Effects Monitoring at the Mary River Project. Intrinsik Project No. 30-
30300.  

Nunavut Impact Review Board, 2012. NIRB Project Certificate No. 005. In the matter of the Nunavut 
Land Claims Agreement, Nunavut Land Claims Agreement Act, S.C. 1993, c. 29, Article 12, 
Part 5 and in the matter of an application by Baffinland Iron Mines Corporation for the 
development of the Mary River Project Proposal in the Qikiqtani Region of Nunavut: NIRB 
Project Certificate No. 005. 

Nunavut Water Board, 2013. Type A Water Licence No. 2AM-MRY1325. Issued on June 12, 2013. 

North/South Consultants Inc., 2014. Baffinland Iron Mines Corporation - Mary River Project - Core 
Receiving Environment Monitoring Program: Freshwater Biota. Internal Draft, dated 
May 2014. 

North/South Consultants Inc., 2012. Baffinland Iron Mines Corporation - Mary River Project - 
Freshwater Aquatic Biota and Habitat Baseline Synthesis Report 2005-2011. January 2012. 



 April 2016 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

Page 67 of 71 Revision 3

 

North/South Consultants Inc., 2010. Technical Memorandum Describing the Results of Monitoring for 
Effects of Dust Deposition from the Bulk Sampling Program: 2008. August 31, 2010. 

North/South Consultants Inc., 2008. Freshwater Aquatic Environment Baseline Report: Lake 
Limnology and Lower Trophic Levels: 2007. 

R Development Core Team, 2012. R: A language and environment for statistical computing.  
R Foundation for Statistical Computing. Vienna, Austria. ISBN 3-900051-07-0, 
URL http://www.R-project.org. 

Smith, E.,  2002.  BACI Design.  Encyclopedia of Environmetrtics. John Wiley and Sons. 1(141-148). 

Stewart, K.A. and Lamoureux, S.F., 2011. Seasonal hydrochemical conditions and limnological 
response in adjacent High Arctic lakes: Cape Bounty, Melville Island, Nunavut. Arctic 64: 169-
182. 

Stroup, W.W., 1999. Mixed Model Procedures to Assess Power, Precision, and Sample Size in the 
Design of Experiments. Department of Biometry, University of Nebraska. 

Underwood, A.J., and C.H. Peterson, 1992.  Beyond BACI: experimental designs for detecting human 
environmental impacts in the real, but variable, world.  Journal of Experimental Marine Biology 
and Ecology. 161: 145-178. 

  



 April 2016 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

Page 68 of 71 Revision 3

 

APPENDIX A 
 

WATER AND SEDIMENT QUALITY SAMPLING PROTOCOL 
 

(Pages A-1 to A-24)  
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APPENDIX B 
 

DETAILED REVIEW OF BASELINE LAKE WATER QUALITY 
 

(Pages B-1 to B-98)  



 April 2016 

WATER AND SEDIMENT QUALITY 
REVIEW AND CREMP STUDY DESIGN 

Page 70 of 71 Revision 3

 

APPENDIX C 
 

DETAILED REVIEW OF BASELINE STREAM WATER QUALITY 
 

(Pages C-1 to C-70)  
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APPENDIX D 
 

DETAILED REVIEW OF BASELINE SEDIMENT QUALITY 
 

(Pages D-1 to D-37) 



  
April, 2016 

APPENDIX A 
WATER AND SEDIMENT QUALITY SAMPLING PROTOCOL 

 
 

REVISION 1 
 

 Prepared By: Andrew Vermeer 
                                  Department: Environment 

                  Title:  Environmental Coordinator 
                                              Date: April 8, 2016 

 
 

                                Approved By: Jim Millard 
      Department: Environment 

                                               Title: Environmental Manager 
             Date: April 8, 2016 

 
 
 
 
 
 
 
 
 
 
 
 



  
April, 2016 

DOCUMENT REVISION RECORD 

 

Issue Date 
MM/DD/YY 

Revision Prepared 
By 

Approved 
By 

Issue Purpose 

03/28/14 0 KP KP Issued in Final 

03/31/16 1 AV JM 
Updated to reflect CREMP 
Study Design modifications 

proposed by Minnow in 2016 

 

 

Index of Major Changes/Modifications in Revision 1 

Item No.  Description of Change  Relevant Section

1 

Included  Baffinland’s  Sampling  Program  –  Quality  Assurance  and 

Quality  Control  Plan  (BAF‐PH1‐830‐P16‐0001)  and  discussed 

Minnow’s recommendations for future CREMP monitoring. 

1.0 

2 
Updated Table 2.1  to  reflect  the bottle  types  required  in  the 2015 

CREMP field program. 
2.2.2 

3 
Updated sampling handling and shipping protocols to reflect current 

operations. 
2.2.5 

4 
Updated  all  lake  sampling  methodology  sections  to  reflect 

recommendations proposed by Minnow. 
2.3 

5 
Included  modifications  recommended  by  Minnow  regarding 

water quality sampling methodology and protocols. 
2.4 

6 

Discussed Minnow’s  recommendations  to  discontinue  stream  and 

sampling stations from future CREMP sediment sampling programs. 

Removed  sections  discussing  stream  and  river  sediment  sampling 

methodology and protocols. 

3.1, 3.3 

7 
Updated  list of water and sediment quality analytes/parameters  to 

reflect the parameters analyzed in the 2015 CREMP field program. 
Appendix A 

8  Replaced Exova COC with an ALS COC example.   Appendix C 

9 
Added  Baffinland’s  Sampling  Program  –  Quality  Assurance  and 

Quality Control Plan (BAF‐PH1‐830‐P16‐0001) as Appendix D. 
Appendix D 



 

 

April, 2016 

PREFACE 

 

This document was originally written by Knight Piésold Consulting in March 2014 for Baffinland Iron 
Mines Corporation (Baffinland). This document had been revised by Baffinland to reflect the 
recommendations proposed by Minnow Environmental Inc. in 2016 regarding modifications to the 
CREMP Study Design.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

1 
 

April, 2016 

TABLE OF CONTENTS 

PAGE 

TABLE OF CONTENTS ........................................................................................................................ 1 

1 – INTRODUCTION ............................................................................................................................. 1 

2 – WATER QUALITY ........................................................................................................................... 5 
2.1  GENERAL ............................................................................................................................. 5 
2.2  STREAM SAMPLING METHODOLOGY .............................................................................. 5 

2.2.1  Sampling Strategy .................................................................................................... 5 
2.2.2  Equipment and Sampling ......................................................................................... 5 
2.2.3  Field Measurements and Observations ................................................................... 6 
2.2.4  QA/QC ...................................................................................................................... 7 
2.2.5  Chain of Custody and Sample Shipment ................................................................. 7 

2.3  LAKE SAMPLING METHODOLOGY .................................................................................... 7 
2.3.1  Sampling Strategy .................................................................................................... 7 
2.3.2  Equipment and Sampling ......................................................................................... 8 
2.3.3  Field Measurements and Observations ................................................................... 9 
2.3.4  QA/QC ...................................................................................................................... 9 
2.3.5  Chain of Custody and Sample Shipment ................................................................. 9 

2.4  METHODOLOGY ADJUSTMENTS OVER TIME ............................................................... 10 

3 – SEDIMENT QUALITY ................................................................................................................... 11 
3.1  GENERAL ........................................................................................................................... 11 
3.2  LAKE SEDIMENT SAMPLING METHODOLOGY .............................................................. 11 

3.2.1  Sampling Strategy .................................................................................................. 11 
3.2.2  Equipment and Sampling ....................................................................................... 11 
3.2.3  Field Measurements and Observations ................................................................. 13 
3.2.4  Sediment Sample Homogenization ....................................................................... 14 
3.2.5  QA/QC .................................................................................................................... 14 
3.2.6  Chain of Custody and Sample Shipment ............................................................... 14 

3.3  METHODOLOGY ADJUSTMENTS OVER TIME ............................................................... 14 

4 – REFERENCES .............................................................................................................................. 16 

TABLES 

Table 2.1        Water Quality Sample Bottle Set Summary…………………………………………….….5 

 

FIGURES 

 
Table 3.1        Sediment Gravity Core Sampler……………………….……………………………….….11 



 

2 
 

April, 2016 

APPENDICES 
 
Appendix A – 2015 Surface Water and Sediment Quality Parameter List 
Appendix B – Field Record Sheet 
Appendix C – Example of Chain of Custody 
Appendix D – Sampling Program – Quality Assurance and Quality Control Plan (BAF-PH1-830-P16-
0001) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

3 
 

April, 2016 

ABBREVIATIONS 
 

AEMP .......................................................................... Aquatic Environment Monitoring Program 
BIM .......................................................................................... Baffinland Iron Mines Corporation 
DO..................................................................................................................... Dissolved oxygen 
EC ............................................................................................................... Environment Canada 
FEIS ................................................................................ .Final Environmental Impact Statement 
KP .................................................................................................................... Knight Piésold Ltd 
Mary River Project ...................................................................................................... The Project 
NSC ....................................................................................................... North South Consultants 
UTM ............................................................................................. Universal Transverse Mercator 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

4 
 

April, 2016 

1 – INTRODUCTION 

 
This document is intended to provide a detailed description of the surface water and sediment quality 
field sampling methodologies that are applied to the CREMP sampling programs and should be used 
in conjunction with Baffinland’s Sampling Program – Quality Assurance and Quality Control Plan 
(QA/QC Plan) (Appendix D). Where methodology protocols differ between this document and 
Baffinland’s QA/QC Plan, methodology protocols outlined in this document will be followed. 
 
CREMP water quality stations are monitored three (3) times per year.  Stream water quality will be 
monitored during the spring, summer and fall, whereas, lake water quality will take place during the 
winter (late April), summer and fall.   Lake sediment sampling is done concurrently with the surface 
water sampling program during the fall sampling event. 
 
In 2015, Minnow Environmental Inc. (Minnow) was contracted to assist Baffinland in completing the 
fieldwork and reporting requirements of several of the AEMP component studies, including the 
CREMP. After completing the CREMP in 2015, Minnow proposed several modifications to the 
program (presented in Appendix I of the AEMP) to provide greater efficiencies and improve the 
program’s ability to achieve its objectives (i.e. to evaluate short and long term effects of the Project 
on aquatic ecosystems).  
 
The sampling methodologies within this protocol have been revised to reflect Minnow’s 
recommendations. 
 
This document includes details regarding: 
 

 Equipment and sampling  

 Field measurements and observations 

 Quality assurance/quality control (QA/QC)  

 Sample tracking (Chain of Custody) and shipping 
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2 – WATER QUALITY 

2.1 GENERAL 

Stream and lake water quality data has been collected for the Mary River Project (the Project) during 
every year since 2005, with the exception of 2009 and 2010.   The analytical suite of parameters 
include nutrients, total and dissolved metals, and major ions.  A detailed list of water quality 
parameters is provided in Appendix A. 

2.2 STREAM SAMPLING METHODOLOGY 

2.2.1 Sampling Strategy  

Consistent sampling methods have been applied throughout the stream water sampling programs.  
Stream samples are collected from flowing sections of the streams (unless otherwise noted) and are 
obtained by either wading into the stream or by collecting the sample from the bank.  Samples are 
collected in an upstream direction, with bottles being placed beneath the surface (when possible) to 
reduce the amount of surface residue collected.  Bottles containing no acid preservative are rinsed 
three times before filling.  For bottles already containing a preservative, the samples are transferred 
from a clean bottle/jug into the bottle containing preservative. 

2.2.2 Equipment and Sampling 

The width of the stream at the sampling location is measured using range finders.  If the stream is 
less than 5 metres (minimum distance for range finders), the width is measured with a tape measure.  
Photos are taken upstream, downstream and across the sampling site. 

The water quality monitoring program includes a suite of analytical parameters (Appendix A).  The 
laboratory typically provides eight (8) sample bottles per bottle set for these analyses (Table 2.1) 

 

Table 2.1 - Water Quality Sample Bottle Set Summary 

Sample Bottle 
Description/Volume 

Quantity Preservative Analytical Parameter 

125 mL HDPE 1 Add HNO3 Total Metals/Hardness 

125 mL HDPE 1 Add HNO3 after 
filtering 

Dissolved Metals 

120 mL Square Glass 1 Add HCl Total Mercury 

120 mL Square Glass 1 Add HCl after filtering Dissolved Mercury 

250 mL Round Glass 1 Add H2SO4  Nutrients 

1 L Rectangular HDPE 1 None General Chemistry 

1 L Amber Glass 1 None Chlorophyll-a/Pheophytin-
a 
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The metals and mercury sample bottles require nitric and hydrochloric acid preservative, 
respectively. Preservatives are provided in single dose vials (one vial per bottle) by the accredited 
laboratory. 

Prior to the addition of preservative, samples for dissolved metals are field filtered using Acrodisc® 
32 mm Syringe Filters with 0.45 µm Supor® membrane filter.  The syringes and filters are sealed in 
sterile packaging and should not be rinsed prior to use.  The following steps outline the basic 
filtration technique that is utilized in the field: 

 

 Attach the filter to the syringe prior to pulling the plunger out of the syringe (Note: pulling the 
plunger activates the filter media). 

 Pull the plunger from the syringe, fill the syringe with sample water and then replace the 
plunger. Dispense the first 10 mL of water to the ground (not as sample). 

 Filter the remaining sample directly into the appropriate container.  Repeat the process until 
the sample bottle is full. 

 Repeat the initial two steps if the water is particularly turbid and another filter is necessary 
prior to the sample bottle being full. 

 

2.2.3 Field Measurements and Observations 
 
In-situ water quality measurements will be taken during the sample collection process, provided the 
multi-parameter probe (e.g., YSI 6820, ProDSS or YSI 600Q sonde) can be positioned downstream 
of the sample collection area. The following in-situ parameters are recorded (when available from the 
multi-parameter sonde): 
 

 Water temperature (°C)  

 Dissolved oxygen (mg/L and %)   

 pH (pH units) 

 Conductivity (µS/cm) and/or specific conductance (µS/cm) (both when possible) 
 
Field observations around the sample area include: 
 

 Description of the landscape (e.g., hilly, mountains, marsh, etc.)  

 Vegetation  

 Stream substrate (e.g., sand, cobble, boulder, bedrock) 

 Stream flow description (e.g., strong-turbulent, slow-calm)  

 Weather conditions 

 Air temperature 
 
All measurements and observations are recorded on the field record sheets included within Appendix 
B. 
 
 



 

7 
 

April, 2016 

2.2.4 QA/QC 
 
The QA/QC protocol aims to ensure the collection of reliable and accurate data.  Using standard 
methods as outlined in this document provides control of sample collection, handling and shipping.  
While collection of duplicate samples ensures the laboratory results meet defined standards of 
quality, in addition to the internal laboratory QA/QC protocols required for analytical accreditation.   
QA/QC samples will be taken for 10 percent of the total number of samples.  At least, one field blank 
should be taken per sampling event. 

2.2.5 Chain of Custody and Sample Shipment 
 
An essential part of the QA/QC protocol is maintaining a record of the collected samples and the 
corresponding list of analytical parameters reported for those samples.  A chain of custody (CoC) 
form will be completed digitally and saved on the main Environmental server for all samples 
collected.  The completed COC will be sent electronically to the accredited lab conducting the 
analysis. A hard copy of the completed COC will also be sent with the cooler containing the samples. 
An example of a completed CoC form is included as Appendix C.   
 
The current on-site laboratory is operated by ALS Canada Ltd. and is located at the Mine Site (Mine 
Site ALS Lab). Periodically, a select set of water quality parameters may be analyzed (i.e. turbidity, 
TSS, pH) or processed (i.e. filtering of chlorophyll a samples) onsite at the Mine Site ALS Lab to 
ensure parameters (analytes) are analyzed within the required holding times. The off-site laboratory, 
ALS Environmental, located in Waterloo, ON, run by ALS Canada Ltd. (Waterloo ALS Lab) performs 
the majority of analyses required.  
 
Samples will be packaged in coolers with ice packs to ensure the temperature of the samples remain 

near 4 °C during transportation to the accredited laboratory.  

 
Samples will be shipped from the Mine Site to the Mirabel airport and then expedited to the Waterloo 
ALS Lab by courier. All samples shipped from the Mine Site will be considered priority cargo to 
ensure samples are analyzed within the necessary parameter holding times.  
 

2.3 LAKE SAMPLING METHODOLOGY 

2.3.1 Sampling Strategy  

Consistent  sampling  methods  have  been  applied  throughout  the  lake  water  sampling  programs 
to date. Prior to 2016, water quality samples were collected from two isolated depths (approximately 
1 meter below surface and approximately 1 meter above the bottom) at each of the lake water quality 
sites.  
 
In the list of recommendations proposed by Minnow (cover letter of AEMP), Minnow noted that no 
consistent spatial differences in water quality/chemistry were evident in any of the study lakes in 
2015, nor during any of the baseline studies, concluding that sampling at two isolated depths at each 
lake water quality site was redundant and unnecessary (Minnow, 2016). Similarity in surface and 



 

8 
 

April, 2016 

bottom water quality was also noted in sampled lakes (with the exception of aluminum in Sheardown 
Lake) in the 2014 AEMP Appendix C 
 
Therefore, at each lake water quality site one sample will be taken at mid-depth unless in-situ water 
quality measurements (using a multi-parameter probe) suggests the sediment may be under anoxic 
conditions (<2 mg/L DO). If the sediment at the water quality site is suspected to be under anoxic 
conditions, water quality samples will be collected at approximately one meter below the surface and 
one meter above the bottom/sediment.   
 
Small aluminum boats are used to access the lake water quality sites and are anchored at the sites 
for the duration of the sampling and in-situ data collection.  Some boat drift is inevitable due to wind 
and wave influence.  The general procedures to be undertaken at each lake water quality site are 
detailed below. 
 

2.3.2 Equipment and Sampling 
 
The total depth of the water at each lake station is determined either using a portable fish finder, a 
weighted meter tape or the pressure sensor on the multi-parameter probe.  The depth is recorded on 
the field record sheets.  Windy conditions during sampling may result in variable depth 
measurements.  The depth range, the estimated wind speed, and the estimated wind direction are 
always recorded. 
 
The water quality monitoring program includes a suite of analytes (Appendix A). As discussed above 
(Table 2.1), the analytical laboratory provides eight (8) sample bottles per bottle set for these 
analyses. 
 
A 2.2 L acrylic Kemmerer bottle with a graduated line is utilized to obtain water samples at the target 
depths.  The Kemmerer bottle is set in the open position for sampling with the bottom sample valve 
in the closed position.  The sampler is lowered to the desired depth and the messenger weight is 
released down the line to trigger the closing spring of the sampler.  The Kemmerer bottle is retrieved 
and the retained water is discarded over the side of the boat. 
 
Following this initial rinse, the Kemmerer bottle is deployed to the sample depth to obtain the 
analytical sample.  Upon retrieval of the Kemmerer bottle, a small amount of water is purged out of 
the bottom sample valve.  The remaining sample is discharged into the pre-labelled, laboratory 
sample bottles (or into a field filter) via the sample valve.  The remaining water is discarded over the 
side of the boat.  This sampling process is then repeated for each water quality sample taken at any 
of the lake water quality sites. 
 
Bottles with no acid preservative are rinsed three times before filling.  For bottles where acid 
preservative is required, samples are transferred from the Kemmerer bottle into the sample bottle 
containing preservative.  Some samples will also require field filtration before adding preservatives.  
The filtration process is discussed in Section 2.2.2. 
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2.3.3 Field Measurements and Observations 
 
Prior to collecting water quality samples at each station, secchi depths should be recorded and in-
situ monitoring near the water-sediment interface should be conducted to determine if sediment at 
the site is under anoxic conditions (<2 mg/L DO). Technicians should be extra vigilant in ensuring 
that sediment is not disturbed while determining the DO levels near the water-sediment interface.    
 
As discussed in Section 2.3.1, if the sediment at the water quality site is suspected to be under 
anoxic conditions, water quality samples will be collected at approximately one meter below the 
surface and approximately one meter above the bottom/sediment.  In addition to collecting two water 
samples at the site, in-situ profiling will also be conducted to further understand the degree and 
extent of the anoxic conditions.  
 
In addition, in-situ profiling of the water column will be conducted at the main basin of each study 
lake, with the exception of Mary Lake where profiling with occur at both the north and south basin. 
These water quality sites, shown below, will have complete water column profiles completed during 
each sampling event regardless of the DO levels near the water-sediment interface. 
 
Camp Lake Station - JL0-07 
Sheardown Lake NW Station – DL0-01-2 
Sheardown Lake SE Station – DL0-02-3 
Mary Lake (North Basin) Station – BL0-1A 
Mary Lake (South Basin) Station – BL0-9 
Reference Lake 3 (NW Basin) Station – REF03-3 
 
The in-situ profiling is undertaken using a measuring tape that is secured to a multi-parameter probe 
(e.g., YSI 6820, ProDSS or YSI 600Q sonde).  The probe is lowered in 1 m increments and given 
time to stabilize prior to recording the in-situ parameters listed in Section 2.2.3 
 
Secchi depths are determined by attaching the measuring tape to the secchi disk and lowering the 
disk over the shaded side of the boat.  Two depths are recorded:  the depth at which the disk 
disappears while lowering the disk and the depth at which it reappears while raising the disk.  The 
secchi depth is calculated from the average of these two depths and recorded on the field record 
sheets. 

2.3.4 QA/QC 
 
As with stream samples, QA/QC samples are to be taken for 10 percent of the total number of samples. 
When possible, one field blank per sampling event will be taken. 

2.3.5 Chain of Custody and Sample Shipment 
 
Information regarding the COCs and sample shipping methods are discussed in Section 2.2.5. 
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2.4 METHODOLOGY ADJUSTMENTS OVER TIME 
 
There have not been any changes to the sampling methods for streams and lakes between 2005 
and 2015, unless specific circumstances required alternative methods.  These exceptions would be 
very rare, and any changes to methodology would be recorded on field record sheets.  Field record 
sheets used are included in Appendix B.   
 
Equipment used for field measurements and lake sample collection have varied over time, based on 
the equipment available at the time. For lake sampling, the following samplers have been used: 
 

 Beta bottle 

 Van Dorn sampler 

 Kemmerer bottle 
 
To maintain consistency, all future sampling events after 2015 will use a Kemmerer bottle sampler to 
collect lake water quality samples. 
 
As discussed in Section 2.3.1, prior to 2016, lake water quality sampling protocol involved taking 
water samples at two isolated depths (approximately 1 meter below surface and approximately 1 
meter above the bottom) and conducting an in-situ water quality profile at each lake water quality 
site. 

In 2015, Minnow Environmental Inc. (Minnow) was contracted to assist Baffinland in completing the 
fieldwork and reporting requirements of several of the AEMP component studies, including the 
CREMP. After completing the CREMP in 2015, Minnow proposed several modifications to the program 
(presented in Appendix I of the AEMP) to provide greater efficiencies and improve the program’s ability 
to achieve its objectives (i.e. to evaluate short and long term effects of the Project on aquatic 
ecosystems).  
 
In the list of recommendations proposed by Minnow (Appendix I of AEMP), Minnow noted that no 
consistent spatial differences in water quality/chemistry were evident in any of the study lakes in 
2015, nor during any of the baseline studies, suggesting that study lakes are generally well mixed 
with relatively uniform water chemistry throughout the year. (Minnow, 2016) (Minnow, 2016). 
Because of this, Minnow proposed two adjustments to the water quality sampling methodology being 
applied to the CREMP water quality program:  
 

1. Changing the number and depth at which water samples were taken (previously near 
surface and bottom) to a single sample taken at mid-depth (Item 9; Minnow, 2016) 

2. Limiting water quality in-situ profiling to a few select stations located at the main basins of 
study lakes as well as any stations showing anoxic conditions (Item 8; Minnow 2016)  

 
This document along with the CREMP study design has been modified to reflect both of these 
recommendations. 
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3 – SEDIMENT QUALITY 

3.1 GENERAL 

Stream sediment quality data was collected for the Project every year between 2005 to 2015, with the 
exception of 2009 and 2010.  Lake sediment quality data was collected for the Project every year since 
2006, with the exception of 2009 and 2010.  Parameters analysed included nutrients, metals, major 
ions and particle size.  A detailed list of current parameters is provided in Appendix A. 

 
Sediment quality monitoring is typically conducted as part of the benthic invertebrate community 
surveys for mining projects. These sampling programs typically focus on total organic carbon 
content, metals and particle size distribution (EC, 2012). The purpose of sediment monitoring at 
these sites is to identify any changes in sediment quality from baseline data that may be attributed to 
mine operations and that may pose a risk to benthic macroinvertebrate communities. As such, 
sediment samples will be continued to be collected concurrently with benthic macroinvertebrate 
samples. 
 
Following the 2015 CREMP field program, Minnow recommended that stream sediment sampling be 
discontinued in future CREMP studies due to the very limited amount of depositional habitat suitable 
for the collection of sediment in the streams and rivers located in the Mary River Project local study 
area.  As observed during the 2015 CREMP and baseline studies, the general absence of any 
substantial accumulation of fine sediments within the studied watercourses preclude any meaningful 
assessment of potential mine-related influences on sediment quality within, along and/or between 
watercourses (Minnow, 2016). Because of this, historic sediment sampling sites within streams and 
rivers have been removed from the CREMP Study Design. 
 

3.2 LAKE SEDIMENT SAMPLING METHODOLOGY 

3.2.1 Sampling Strategy  
 
Lake sediment samples have been collected using various methods as described in Section 3.4. The 
methods defined below describe the collection of the lake sediment samples. 

3.2.2 Equipment and Sampling 
 
A sediment gravity core sampler (Figure 3.1) will be utilized to obtain lake sediment samples. The top 
two centimeters of sediment from the core samples will be retained for laboratory analysis. 
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Figure 3.1 – Sediment Gravity Core Sampler 
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3.2.3 Field Measurements and Observations 
 
At each sampling site, the following information will be recorded during the collection of sediment 
samples. 
 

 Site ID and UTM coordinates and location of any duplicate samples collected 

 Sampling date and time 

 Ambient weather conditions (e.g., wind speed, direction, wave action, current, air 
temperature)  

 Sediment collection device 

 General site description and observations (e.g., depth of water or ice) 

 Sample properties (e.g., colour, texture, consistency, odour, presence of biota, estimate of 
quantity of recovered sediment) 

 Deviations from the standard operating procedures 
 
Lake sediment samples will be collected using the sediment gravity corer and the following 
procedure. 
 

 A clear polycarbonate core tube will be loaded into the corer and secured using a set of 
stainless steel hose clamps 

 The corer (Figure 3.1) will be positioned perpendicular to the water surface prior to release.  
The penetration depth of the core tube is affected by the depth of water, angle of corer 
deployment and substrate type. 

 Once the corer is embedded in the substrate, the stainless steel messenger will be sent 
down the corer rope to release the ball-type seal.  This seal creates a vacuum in the core 
tube, retaining the sampled sediment.   

 The corer will be retrieved vertically and at a constant speed to the surface.  

 Upon retrieval, the bottom of the core tube will be plugged using an extruding plug prior to 
breaking the air-water interface.  This procedure will prevent sample loss. 

 Following placement of the core tube plugs, the hose clamps on the corer will be loosened to 
release the tube. 

 The visual characteristics of the core sample will be recorded on the field record sheets 
(e.g., colour, apparent horizons, aquatic vegetation, etc.) 

 Overlying water within the tube will be described on field notes (e.g., clarity) prior to 
decanting.  The decanting process should be undertaken carefully to ensure that no 
sediment sample is lost. 

 
The sample is extruded out of the core tube and processed as follows: 
 

 A suitable extruding apparatus, such as a PVC tube cut longer than core tube and with a 
slightly suitable extruding apparatus, such as a PVC tube cut longer than core tube and with 
a slightly smaller outside diameter, will be used to force the extruding plug through the core 
tube.  This process moves the sediment sample to the end.  Care will be taken not to 
extrude the sediment, since the first two centimetres are the sample. 
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 The top two centimeters of sediment will be scooped out using a clean stainless steel spoon 
and placed in a clean stainless steel bowl   

 A minimum of three core samples will be required per station.  Limiting the amount of 
sampled sediment per tube (i.e., the top two centimeters) typically requires more sampling 
effort to obtain the required sample size.    

 Samples within a station will be close to one another, but far enough apart to ensure that 
sampling disturbance from one grab does not affect another.  Sampling from both sides of 
the boat and around the bow typically provides suitable spatial distribution within the station.  

 After the top two centimeters are retained, the remaining, unused sediments within the core 
tube will be placed into a bucket and only released once sampling is complete at that 
particular station. 

 The core tube will be rinsed at surface and reloaded into the sampler in preparation for the 
next sample. 

 

3.2.4 Sediment Sample Homogenization 
 
Once sufficient sediments have been collected within the stainless steel bowl, the sample will be  
homogenized.  Prior to homogenization, excess water will be decanted once the water has settled (to 
prevent loss of fines) and any large inorganic material (e.g., cobble) or debris will be removed.  Once 
this step is complete, the sample will be thoroughly mixed using a newly gloved hand or stainless 
steel spoon until the sample has a homogeneous appearance.  The sample containers will be filled 
by alternating aliquots between each of the containers.  Once the containers are full, each sample 
will be transferred to an ice-packed cooler.  Samples will be kept cool and in the dark until they can 
be shipped to the analytical laboratory. 

3.2.5 QA/QC 
 
All sampling equipment will be thoroughly cleaned between sampling stations and rinsed with  
ambient water prior to sampling.  Duplicate samples will be taken for ten percent of the total number 
of samples. 

3.2.6 Chain of Custody and Sample Shipment 
 
The COCs and sample shipping methods are discussed in Section 2.2.5. 
 

3.3 METHODOLOGY ADJUSTMENTS OVER TIME 
 
Sediment sampling conducted prior to 2012 utilized a Petite Ponar grab sampler (231 cm2) or an 
Ekman dredge sampler (523 cm2).  The sediment fraction collected for analysis was limited to 
the top 5 cm.   
 
During review of the FEIS, BIM agreed to a recommendation from Environment Canada to carry out 
sediment sampling utilizing core in order to collect only the uppermost one to two centimetres.  The 
rationale for this approach is that most infaunal organisms and the most recently introduced 
sediment (including contaminants of concern) are found in the upper two centimetres of the lake 
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sediment.  Arctic lakes experience low sedimentation rates and, therefore, collection of a thinner 
sample using a sediment coring instrument provides better resolution of changes in sediment quality.   
 
Collection of thinner (1 cm to 2 cm) sediment samples was implemented by Baffinland 
starting in 2012.  The top 2 cm of sediment from the core samples as described above will be 
retained for laboratory analysis.    
 
As discussed in Section 3.1, beginning in 2016, stream and river sediment sampling will no longer 
conducted as part of the CREMP sediment sampling program. 
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Water Quality Parameters 

Parameter 
   Lowest 

Detection Limit 
Units 

      
Physical Tests (Water)   
Conductivity 3.0 umhos/cm 
Hardness (as CaCO3) 10 mg/L 
pH 0.10 pH units 
Total Suspended Solids 2.0 mg/L 
Total Dissolved Solids 20 mg/L 
Turbidity 0.10 NTU 
      
Anions and Nutrients (Water)   
Alkalinity, Total (as CaCO3) 10 mg/L 
Ammonia, Total (as N) 0.050 mg/L 
Bromide (Br) 0.10 mg/L 
Chloride (Cl) 0.50 mg/L 
Nitrate and Nitrite as N 0.021 mg/L 
Nitrate (as N) 0.020 mg/L 
Nitrite (as N) 0.0050 mg/L 
Total Kjeldahl Nitrogen 0.15 mg/L 
Total Phosphorus 0.0030 mg/L 
Sulfate (SO4) 0.30 mg/L 
      
Organic / Inorganic Carbon (Water)   
Dissolved Organic Carbon 1.0 mg/L 
Total Organic Carbon 1.0 mg/L 
      
Total Metals (Water)   
Mercury (Hg)-Total 0.000010 mg/L 
      
Total Metals (Undigested) (Water)   
Aluminum (Al)-Total 0.0030 mg/L 
Antimony (Sb)-Total 0.00010 mg/L 
Arsenic (As)-Total 0.00010 mg/L 
Barium (Ba)-Total 0.000050 mg/L 
Beryllium (Be)-Total 0.00050 mg/L 
Bismuth (Bi)-Total 0.00050 mg/L 
Boron (B)-Total 0.010 mg/L 
Cadmium (Cd)-Total 0.000010 mg/L 
Calcium (Ca)-Total 0.050 mg/L 
Chromium (Cr)-Total 0.00050 mg/L 
Cobalt (Co)-Total 0.00010 mg/L 
Copper (Cu)-Total 0.00050 mg/L 
Iron (Fe)-Total 0.030 mg/L 
Lead (Pb)-Total 0.000050 mg/L 
Lithium (Li)-Total 0.0010 mg/L 
Magnesium (Mg)-Total 0.050 mg/L 
Manganese (Mn)-Total 0.000070 mg/L 
Molybdenum (Mo)-Total 0.000050 mg/L 
Nickel (Ni)-Total 0.00050 mg/L 
Potassium (K)-Total 0.20 mg/L 
Selenium (Se)-Total 0.0010 mg/L 
Silicon (Si)-Total 0.10 mg/L 
Silver (Ag)-Total 0.000010 mg/L 
Sodium (Na)-Total 0.050 mg/L 



  April, 2016

Strontium (Sr)-Total 0.00010 mg/L 
Thallium (Tl)-Total 0.00010 mg/L 
Tin (Sn)-Total 0.00010 mg/L 
Titanium (Ti)-Total 0.010 mg/L 
Uranium (U)-Total 0.000010 mg/L 
Vanadium (V)-Total 0.0010 mg/L 
Zinc (Zn)-Total 0.0030 mg/L 
      
Dissolved Metals (Water)   
Aluminum (Al)-Dissolved 0.00060 mg/L 
Antimony (Sb)-Dissolved 0.000020 mg/L 
Arsenic (As)-Dissolved 0.000020 mg/L 
Barium (Ba)-Dissolved 0.000030 mg/L 
Beryllium (Be)-Dissolved 0.000010 mg/L 
Bismuth (Bi)-Dissolved 0.0000050 mg/L 
Boron (B)-Dissolved 0.0050 mg/L 
Cadmium (Cd)-Dissolved 0.0000050 mg/L 
Calcium (Ca)-Dissolved 0.020 mg/L 
Chromium (Cr)-Dissolved 0.00010 mg/L 
Cobalt (Co)-Dissolved 0.0000050 mg/L 
Copper (Cu)-Dissolved 0.00010 mg/L 
Iron (Fe)-Dissolved 0.0010 mg/L 
Lead (Pb)-Dissolved 0.0000090 mg/L 
Lithium (Li)-Dissolved 0.00050 mg/L 
Magnesium (Mg)-Dissolved 0.0050 mg/L 
Manganese (Mn)-Dissolved 0.000070 mg/L 
Mercury (Hg)-Dissolved 0.000010 mg/L 
Molybdenum (Mo)-Dissolved 0.000050 mg/L 
Nickel (Ni)-Dissolved 0.000090 mg/L 
Phosphorus (P)-Dissolved 0.050 mg/L 
Potassium (K)-Dissolved 0.050 mg/L 
Selenium (Se)-Dissolved 0.000040 mg/L 
Silicon (Si)-Dissolved 0.050 mg/L 
Silver (Ag)-Dissolved 0.0000050 mg/L 
Sodium (Na)-Dissolved 0.020 mg/L 
Strontium (Sr)-Dissolved 0.000050 mg/L 
Sulfur (S)-Dissolved 1.0 mg/L 
Thallium (Tl)-Dissolved 0.0000020 mg/L 
Tin (Sn)-Dissolved 0.000030 mg/L 
Titanium (Ti)-Dissolved 0.00050 mg/L 
Uranium (U)-Dissolved 0.0000070 mg/L 
Vanadium (V)-Dissolved 0.000050 mg/L 
Zinc (Zn)-Dissolved 0.00050 mg/L 
Zirconium (Zr)-Dissolved 0.00010 mg/L 
      
Aggregate Organics (Water)   
Phenols (4AAP) 0.0010 mg/L 
      
Plant Pigments (Water)   
Chlorophyll a 0.10 ug/L 
Phaeophytin a 0.10 ug/L 
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SEDIMENT QUALITY PARAMETERS 

Parameter 
   Lowest 

Detection Limit 
Units 

      
Physical Tests (Sediment)   
% Moisture 0.10 % 
      
Particle Size (Sediment)   
% Sand (2.0mm - 
0.05mm) 

0.10 % 

% Silt (0.05mm - 2um) 0.10 % 
% Clay (<2um) 0.10 % 
Texture   - 
      
Organic / Inorganic Carbon (Sediment)   
Fraction Organic 
Carbon 

0.0010 g/g 

Total Organic Carbon 0.10 % 
      
Metals (Sediment)   
Aluminum (Al) 50 ug/g 
Antimony (Sb) 0.10 ug/g 
Arsenic (As) 0.10 ug/g 
Barium (Ba) 0.50 ug/g 
Beryllium (Be) 0.10 ug/g 
Bismuth (Bi) 0.20 ug/g 
Boron (B) 5.0 ug/g 
Cadmium (Cd) 0.020 ug/g 
Calcium (Ca) 50 ug/g 
Chromium (Cr) 0.50 ug/g 
Cobalt (Co) 0.10 ug/g 
Copper (Cu) 0.50 ug/g 
Iron (Fe) 50 ug/g 
Lead (Pb) 0.50 ug/g 
Lithium (Li) 2.0 ug/g 
Magnesium (Mg) 20 ug/g 
Manganese (Mn) 1.0 ug/g 
Mercury (Hg) 0.0050 ug/g 
Molybdenum (Mo) 0.10 ug/g 
Nickel (Ni) 0.50 ug/g 
Phosphorus (P) 50 ug/g 
Potassium (K) 100 ug/g 
Selenium (Se) 0.20 ug/g 
Silver (Ag) 0.10 ug/g 
Sodium (Na) 50 ug/g 
Strontium (Sr) 0.50 ug/g 
Sulfur (S) 5000 ug/g 
Thallium (Tl) 0.050 ug/g 
Tin (Sn) 2.0 ug/g 
Titanium (Ti) 1.0 ug/g 
Uranium (U) 0.050 ug/g 
Vanadium (V) 0.20 ug/g 
Zinc (Zn) 2.0 ug/g 
Zirconium (Zr) 1.0 ug/g 
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1 INTRODUCTION 
As required by Baffinland Iron Mines Corporation’s (Baffinland) Type A Water Licence No. 2AM-MRY1325 

Amendment No.  1 (Type A Water Licence) and Type B Water Licence No. 2BE-MRY1421 (Type B Water 

Licence) for the Mary River Project (Project), a review of Project Environmental Management and 

Monitoring Plans (EEMPs) was completed. This Quality Assurance and Quality Control (QA/QC) Plan was 

updated to meet the requirements of the Type A and B water licences. Further and continual modifications 

and revisions to this Plan shall be completed based on future work scope modifications, QA/QC 

procedures, and associated approvals. Updates to this Plan shall be completed in accordance to the terms 

and conditions of Baffinland’s Water Licences, QIA Commercial Lease – Q13C301, issued September 6, 

2013, the amended Project Certificate No. 005 issued by the Nunavut Impact Review Board (NIRB) and 

any subsequent requirements which may be issued. 

This Quality Assurance and Quality Control (QA/QC) Plan has been reviewed to fulfill the requirement of 

Part I, Item 16 of License No. 2AM-MRY1325 Amendment No.  1 approved by the Nunavut Water Board 

to Baffinland Iron Mines Corporation (Baffinland) on July 31, 2014. 

In accordance with the stipulations of the Type A Water Licence No. 2AM-MRY1325 Amendment No.  1, 

this Surface QA/QC Plan has been prepared following the general recommendations presented in Quality 

Assurance (QA) and Quality Control (QC) Guidelines for use by Class “A” Licensees in Meeting SNP 

Requirements and for Submission of a QA/QC Plan  (INAC, 1996).  A copy of the guidelines is included in 

Appendix A. 

1.1 PURPOSE AND SCOPE 

The purpose of this Plan is to identify Baffinland’s framework for accurate and effective QA/QC 

management by providing instruction for standardised field sample and laboratory analytical procedures.   

For the purposes of this report, QA/QC is defined as: 

 Quality Assurance - System of activities used to achieve quality control. 

 Quality Control - Set of best practice methods and procedures used to ensure quality of data in terms 

of precision, accuracy and reliability. 

The QA/QC best practices outlined in this management plan are designed to provide guidance to field 

staff and analytical laboratories in order to maintain a high level of confidence in the water quality , soil, 

and benthic data generated from Project Sites.  

1.1.1 2016 WORK PLAN UPDATE 

To support the activities identified in the 2016 Work Plan, Baffinland is committed to following the QA/QC 

procedures documented within this management plan. 
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1.2 REGULATORY REQUIRMENTS 

Baffinland’s QA/QC Plan is regulated by the Nunavut Water Board (NWB) and is subject to Baffinland’s 

Type A Water Licence No. 2AM-MRY1325 Amendment No.  1 which provides specific Terms and 

Conditions for the management of QA/QC procedures at the Project Sites.  

Both federal and territorial legislation regulates Water and Soil Quality and Benthic communities in 

Nunavut. This legislation expects a professional standard and level of confidence when evaluating these 

Parameters and therefore apply to this QA/QC management plan 

1.3 RELATIONSHIPS TO OTHER MANAGEMENT PLANS 

This Plan is intended for use in conjunction with the following Plans: 

 Air Quality and Noise Abatement Management Plan (BAF-PH1-830-P16-0002) 

 Aquatic Effects and Monitoring Plan (BAF-PH1-830-P16-0039) 

 Environmental Protection Plan (BAF-PH1-830-P16-0008) 

 Fresh Water, Sewage and Wastewater Management Plan (BAF-PH1-830-P16-0010) 

 Hazardous Materials and Hazardous Waste Management Plan (BHF-PH1-830-P16-0011) 

 Interim Mine Closure and Reclamation Plan (BAF-PH1-830-P16-0012) 

 Surface Water, Aquatic Ecosystems, Fish and Fish Habitat Management Plan (BAF-PH1-830-P16-

0026) 

 Terrestrial Environmental Management and Monitoring Plan (BAF-PH1-830-P16-0027) 

 Waste Management Plan (BAF-PH1-830-P16-0028)  
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2 BAFFINLAND POLICIES 

2.1 HEALTH, SAFETY AND ENVIRONMENT POLICY 

This Baffinland Iron Mines Corporation Policy on Health, Safety and Environment is a statement of our 

commitment to achieving a safe, healthy and environmentally responsible workplace.  We will not 

compromise this policy for the achievement of any other organizational goals. 

We implement this Policy through the following commitments: 

 Continual improvement of safety, occupational health and environmental performance 

 Meeting or exceeding the requirements of regulations and company policies 

 Integrating sustainable development principles into our decision-making processes 

 Maintaining an effective Health, Safety and Environmental Management System 

 Sharing and adopting improved technologies and best practices to prevent injuries, occupational 

illnesses and environmental impacts 

 Engaging stakeholders through open and transparent communication. 

 Efficiently using resources, and practicing responsible minimization, reuse, recycling and 

disposal of waste. 

 Reclamation of lands to a condition acceptable to stakeholders. 
Our commitment to provide the leadership and action necessary to accomplish this policy is exemplified 

by the following principles: 

 As evidenced by our motto “Safety First, Always” and our actions Health and safety of personnel 

and protection of the environment are values not priorities.  

 All injuries, occupational illnesses and environmental impacts can be prevented.  

 Employee involvement and active contribution through courageous leadership is essential for 

preventing injuries, occupational illnesses and environmental impacts.  

 Working in a manner that is healthy, safe and environmentally sound is a condition of 

employment. 

 All operating exposures can be safeguarded. 

 Training employees to work in a manner that is healthy, safe and environmentally sound is 

essential. 

 Prevention of personal injuries, occupational illnesses and environmental impacts is good 

business. 

 Respect for the communities in which we operate is the basis for productive relationships. 
We have a responsibility to provide a safe workplace and utilize systems of work to meet this goal.  All 

employees must be clear in understanding the personal responsibilities and accountabilities in relation to 

the tasks we undertake. 
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The health and safety of all people working at our operation and responsible management of the 

environment are core values to Baffinland.  In ensuring our overall profitability and business success every 

Baffinland and business partner employee working at our work sites is required to adhere to this Policy. 

 
Brian Penney 
Chief Executive Officer 
March 2016 

2.2 SUSTAINABLE DEVELOPMENT POLICY 

At Baffinland Iron Mines Corporation (Baffinland), we are committed to conducting all aspects of our 
business in accordance with the principles of sustainable development & corporate responsibility and 
always with the needs of future generations in mind. Baffinland conducts its business in accordance with 
the Universal Declaration of Human Rights and ArcelorMittal’s Human Rights Policy which applies to all 

employees and affiliates globally.  

Everything we do is underpinned by our responsibility to protect the environment, to operate safely and 
fiscally responsibly and with utmost respect for the cultural values and legal rights of Inuit. We expect 
each and every employee, contractor, and visitor to demonstrate courageous leadership in personally 
committing to this policy through their actions. The Sustainable Development and Human Rights Policy is 
communicated to the public, all employees and contractors and it will be reviewed and revised as 
necessary on a regular basis. These four pillars form the foundation of our corporate responsibility 

strategy: 

1. Health and Safety 
2. Environment 
3. Upholding Human Rights of Stakeholders 
4. Transparent Governance 
 

1.0 HEALTH AND SAFETY 

• We strive to achieve the safest workplace for our employees and contractors; free from 
occupational injury and illness, where everyone goes home safe everyday of their working life.  
Why? Because our people are our greatest asset. Nothing is as important as their health and 
safety.  Our motto is “Safety First, Always”. 

• We report, manage and learn from injuries, illnesses and high potential incidents to foster a 
workplace culture focused on safety and the prevention of incidents.  

• We foster and maintain a positive culture of shared responsibility based on participation, 
behaviour, awareness and promoting active courageous leadership. We allow our employees 
and contractors the right to stop any work if and when they see something that is not safe.  
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2.0 ENVIRONMENT 

• Baffinland employs a balance of the best scientific and traditional Inuit knowledge to safeguard 
the environment. 

• Baffinland applies the principles of pollution prevention, waste reduction and continuous 
improvement to minimize ecosystem impacts, and facilitate biodiversity conservation. 

• We continuously seek to use energy, raw materials and natural resources more efficiently and 
effectively. We strive to develop more sustainable practices. 

• Baffinland ensures that an effective closure strategy is in place at all stages of project 
development to ensure reclamation objectives are met. 

 
3.0 UPHOLDING HUMAN RIGHTS OF STAKEHOLDERS 

• We respect human rights, the dignity of others and the diversity in our workforce.  Baffinland 
honours and respects the unique cultural values and traditions of Inuit.  

 Baffinland does not tolerate discrimination against individuals on the basis of race, colour, gender, 
religion, political opinion, nationality or social origin, or harassment of individuals freely 
employed.  

• Baffinland contributes to the social, cultural and economic development of sustainable 
communities in the North Baffin Region. 

• We honour our commitments by being sensitive to local needs and priorities through 
engagement with local communities, governments, employees and the public. We work in active 
partnership to create a shared understanding of relevant social, economic and environmental 
issues, and take their views into consideration when making decisions.  

 We expect our employees and contractors, as well as community members, to bring human 
rights concerns to our attention through our external grievance mechanism and internal human 
resources channels. Baffinland is committed to engaging with our communities of interest on 
our human rights impacts and to reporting on our performance. 

 
4.0 TRANSPARENT GOVERNANCE 

• Baffinland will take steps to understand, evaluate and manage risks on a continuing basis, 
including those that may impact the environment, employees, contractors, local communities, 
customers and shareholders. 

• Baffinland endeavours to ensure that adequate resources are available and that systems are in 
place to implement risk-based management systems, including defined standards and objectives 
for continuous improvement. 

• We measure and review performance with respect to our safety, health, environmental, socio-
economic commitments and set annual targets and objectives. 

• Baffinland conducts all activities in compliance with the highest applicable legal & regulatory 
requirements and internal standards. 

• We strive to employ our shareholder’s capital effectively and efficiently and demonstrate 
honesty and integrity by applying the highest standards of ethical conduct.  
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4.1 FURTHER INFORMATION 

Please refer to the following policies and documents for more information on Baffinland’s commitment 

to operating in an environmentally and socially responsible manner: 

Health, Safety and Environment Policy 
Workplace Conduct Policy 
Inuktitut in the Workplace Policy 
Site Access Policy 
Hunting and Fishing (Harvesting) Policy 
Annual Report to Nunavut Impact Review Board 
ArcelorMittal Canada Sustainability and Corporate Responsibility Report 
 
If you have questions about Baffinland’s commitment to upholding human rights, please direct them to 

contact@baffinland.com. 

Brian Penney 
Chief Executive Officer 
March 2016 
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3 ENVIRONMENTAL RESPONSIBILITIES 

3.1 ROLES AND RESPONSIBILITIES 

Baffinland’s Environment Department is structured into two components; on- site personnel and off–site 

personnel. The Project’s organisational structure is provided in Figure 1. 

Baffinland’s Corporate Environment Department provides coordination and oversight on environmental 

and community works for both on and off-site programs and activities  

Baffinland’s Project Environment Department provides direct coordination and oversight of Project 

environmental activities (refer to Table 1). 

TABLE 1: BAFFINLAND IRON MINES CORPORATION ON-SITE ENVIRONMENTAL DEPARTMENT 

Baffinland Iron Mines Corporation On-Site Environmental Team 

Position Responsibilities and Accountabilities 

Environmental Manager 
 Reports directly to VP Sustainable Development, Health, Safety and Environment 

and Indirect reporting and coordination with Operations VP and Director 
Environment 

 Overall accountability for environmental staff and performance at site 
 Coordinates implementation and monitors the performance of the 

Environmental Management System at site 

 Liaises with the senior management, regulators and stakeholders  
 Ensures effective monitoring and auditing of environmental performance of 

departments and contractors on site and identifies opportunities for 
improvement 

 Monitors compliance with permits, licenses and authorizations 
 Ensures all regulatory environmental monitoring and reporting requirements 

(monthly, annual) are met 

 Leads and coordinates site permitting requirements. 
 Initiates and oversees environmental studies 
 Oversees investigations and reporting of environmental incidents to regulatory 

bodies, stakeholders and senior management  

 Reviews and updates environmental management plans 
Environmental 
Superintendent 

 Reports to Environmental Manager 
 Specific accountabilities for environmental monitoring and reporting 
 Leads investigations and reporting of environmental incidents onsite 
 Serves as the liaison for regulators during onsite inspections and visits  
 Provides ongoing environmental education and environmental awareness 

training to all employees and contract workers 

 Oversees environmental database management 
 Prepares updates for management plans 

Environmental Coordinator  Reports to the Environmental Superintendent and Manager 
 Specific accountabilities for environmental monitoring and reporting 
 Provides day to day direction to Environmental staff onsite 

 Serves as a l iaison for regulators during onsite inspections and visits. 
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Baffinland Iron Mines Corporation On-Site Environmental Team 

Position Responsibilities and Accountabilities 

 Provides ongoing environmental education and environmental awareness 
training to all employees and contract workers 

 Assists with environmental database management 
Environmental Monitor and 
Technician 

 Reports to the Environmental Superintendent or designate 
 Assists with environmental database management 
 Assists with monitoring and sampling activities as per the Project’s management 

plans 

QIA Monitor  Works alongside the Baffinland Environment Department to ensure the proper 
implementation of all environmental management and monitoring plans 

 Acts as the QIA liaison for onsite environmental matters 
Environmental Support 
Groups (Consultants, etc.) 

 Assists with sampling, monitoring and reporting activities as required by permits, 
l icenses and environmental management plans 

 Provides technical expertise to various environmental studies 
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Figure 1 - MARY RIVER PROJECT ORGANIZATION CHART 
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3.2 TRAINING AND AWARENESS 

All site personnel (including contractors) are required to obtain a general level of environmental 

awareness and understanding of their obligations regarding compliance with regulatory requirements, 

commitments and best practices. Site personnel receive prescribed environmental training as part of 

Baffinland’s Mary River Project Site Orientation. 

Environment personnel performing environmental monitoring programs are required to understand and 

be proficient with the QA/QC procedures outlined in this management plan. 
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4 WATER SAMPLE COLLECTION 

4.1 GENERAL 

The samples will be collected following the general recommendations presented in Quality 

Assurance (QA) and Quality Control (QC) Guidelines for use by Class “A” Licensees in Meeting SNP 

Requirements and for Submission of a QA/QC Plan  (INAC, 1996).  A copy of the guidelines is included in 

Appendix A. 

A summary of recommended water sample containers, sample volumes, sample preservatives and 

maximum sample holding times is presented in Table 3.  Laboratory parameters such as pH, turbidity, 

BOD, nitrite, nitrate, total phosphorus, faecal  coliforms, chlorophyll-a and pheophytin typically have 

maximum sample storage times varying from four (4) to 72 hours.  Due to the remoteness of the site, it 

may not always be possible to get laboratory analysis done within the sample holding time window.  Every 

effort will be made to get samples analysed within the preferred holding time window. 

Every effort will be made to prevent accidental freezing of water samples (due to on-site climatic 

conditions) which could affect analytical results for parameters. 

For a complete list of the required sample analyses at each monitoring station, please refer to Baffinland’s 

Type A Water Licence No. 2AM-MRY1325 Amendment No.  1 (Nunavut Water Board, July 31 2014) and 

the Aquatic Effects Management Plan BAF-PH1-830-P16-0039 r1.  

4.2 WATER QUALITY MONITORING LOCATIONS 

The QA/QC Plan addresses the collection of freshwater surface water quality samples related to 

monitoring programs being carried out in support of Baffinland’s Mary River Project, namely:  

1. Collection of environmental surface water samples from area lakes, streams and rivers. 

2. Collection of effluent samples from the current and future wastewater treatment facilities located at 

the Mine Site, Milne Port and Steensby Port. 

3. Collection of drinking water samples from camp potable water sources.  

4. Collection of surface water discharges from ore stockpiles and waste rock dumps. 

5. Collection of surface water discharges from future bulk sample open pits.  

6. Collection of water samples from fuel berms and dispensing facilities. 

7. Collection of water samples from landfarm facilities and maintenance shops. 

8. Collection of effluent samples from oily water treatment systems. 

9. Collection of surface water discharges from landfill facilities at the Mine Site .  

10. Collection of water samples representative of general site drainage  before, during and after 

construction on Project Sites and the Tote Road. 

11. Collection of water samples downstream of active Quarry locations 

12. Measurement of water sample field parameters (e.g. pH, conductivity, temperature etc.).  
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Exact locations and sampling frequency for designated monitoring stations are presented in Baffinland’s 

Type A Water Licence No. 2AM-MRY1325 Amendment No.  1 (Nunavut Water Board, July 31 2014) and 

the Aquatic Effects Management Plan BAF-PH1-830-P16-0039 r1. 

4.3 WATER SAMPLING METHODS AND EQUIPMENT 

Water samples specified under Baffinland’s Type A Water Licence No. 2AM-MRY1325 Amendment No.  1 

(Nunavut Water Board, July 31 2014) and Aquatic Effects Management Plan BAF-PH1-830-P16-0039 r1 

are characterised by the following procedures.  

4.3.1 GENERAL SAMPLING PROCEDURES 

Generally, sampling procedures will consist of the following: 

1. Sampler will wear a fresh pair of disposable nitrile gloves for each sampling event. 

2. A fresh sample bottle(s) will be used at each monitoring station.  Sample bottles will not be re-used. 

3. Sampling will be carried out by either: i) rinsing the sample bottle with source water three times 

before immersing the sample bottle to fill it (after which preservative is added, as required), or ii) if 

the sample bottles are provided pre-charged with preservatives then it is generally convenient to 

transfer water samples from the source to the sample bottle using a 1-2L plastic jug.  Plastic jugs will 

be rinsed in the source water three times before filling the sample bottle.  A dedicated jug will be used 

for different sample types (e.g. sewage effluent, fuel contaminated drainage and receiving waters).  

Sample jugs will be replaced on a regular basis.   

4. Prior to collecting the sample, the sampling jug will be rinsed in the source water three times.  Rinse 

water will be disposed of so that it does not contaminate the source water where the sample will be 

collected. 

5. Do not rinse bottles that are supplied certified sterile by the laboratory For samples not requiring 

preservatives, sample bottles not certified sterile will be rinsed three times with source water before 

filling the bottle to the top. 

6. For samples requiring preservatives, the sample bottle will be filled to the top (or to the indicator line 

marked on the bottle) and securely sealed.  Note that for some volatile contaminants (e.g. BTEX), the 

sample bottle must be filled with zero headspace. 

7. Care will be taken to avoid disturbance of sediments and inclusion of disturbed suspended solids in 

the sample. 

8. Sample details e.g. date, sample ID and analysis will be clearly marked on the bottle in indelible ink. 

9. For dissolved metals analyses, if possible, the water sample will be filtered in the field immediately 

after sampling using a 0.45μm disposable filter and syringe.  A fresh syringe and filters must be  used 

at each monitoring station.  Alternatively, sample filtration can be carried out by the analytical 

laboratory.   

10. All samples will be sealed by ensuring their lids are tightly secured before placing the bottles into the 

coolers. 

11. All samples will be placed in an iced cooler as soon as possible after collection. 
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4.3.1.1 SAMPLE PRESERVATION 

Sample bottles and preservative will be stored under clean conditions on site.  Sample bottles will have 

the appropriate volume of preservative added in the field immediately after sample collection to minimize 

chemical alterations. Alternatively, sample bottles will be supplied by the analytical laboratory with 

preservatives already added. Ensure that the preservative container does not come in contact with the 

sample or inside of the sample bottle/lid. If a water sample requires filtration (e.g., analysis of dissolved 

metals), preservative must be added following filtration. 

4.3.2 LAKE SAMPLING 
For monitoring of water quality arising from vertical stratification in lakes, a depth sampler will be used 

(e.g. a ‘Van Dorn’ or ‘Kemmerer’).  Generally, depth samplers consist of a clear polycarbonate sample tube 

with two spring mounted rubber bungs, one located at each end.  The depth sampler is lowered to the 

correct depth attached to a cord, whereupon a metal weight is released.  The weight slides down the cord 

and strikes a release mechanism button which releases the two bungs which then seal both ends of the 

tube.  The water sample is then pulled back to the surface. 

Regardless of the brand, water samplers that are used will be suitable for collection of water samples for 

ultra-low metals analyses i.e. will have acrylic or PVC construction and silicone seals.   

For depth sampling, the following considerations will be taken into account to ensure sample QA/QC: 

1. Sampling station locations will be dependent upon the monitoring program objectives and the lake 

dimensions. When sampling from a watercraft all efforts will be made to anchor the boat stationary.  

Map coordinates for all lake sampling station locations will be recorded using a GPS unit.   

2. A vertical stratification profile (if required), profiling in-situ water quality measurements (e.g pH, 

temperature, dissolved oxygen, conductivity and turbidity), will be determined using a water quality 

multimeter (e.g. YSI Sonde) equipped with a long cord with metre intervals marked on it.  

3. Depending upon the purpose of the monitoring program, water quality samples may be collected 

from the different stratified layers.  The depth sampler must be slowly lowered in the ‘open’ position 

(i.e. to let water enter it) until it reaches the required depth. 

4. The depth sampler will be held at this depth temporarily to allow flushing of water inside the 

apparatus. 

5. The metal weight (messenger) will be released (to activate the closing mechanism) and the depth 

sampler will be pulled back to the surface.  Field measurements can be taken at depth or by filling a 

bottle with the sampled water and taking measurements from that immediately after sampling.  

6. When collecting samples close to the lake bed care must be taken to ensure that the depth sampler 

does not disturb lake bed sediments (which could contaminate the sample).  

7. Depending upon the lake area and depth, multiple sampling stations will likely be required to 

adequately characterize lake water quality. 
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4.3.3 RIVER SAMPLING 

Depending upon the size of the water body, river sampling methods are the same as those presented in 

Sections 4.3.1 and 4.3.2.  To avoid inclusion of floating detritus in the sample, the sample bottle must be 

fully immersed in the river water.  Care will be taken to ensure that disturbed sediments are not included 

in the sample.  

For river sampling, the additional following considerations will be taken into account to ensure sample 

QA/QC: 

1. Grasp the bottle well below the neck and remove the lid, taking care not to touch the inside of 

the lid. 

2. Facing upstream, plunge the bottle beneath the surface of the water to a depth of 20 cm (if 

possible) with the opening facing downward, then tilt the bottle opening upward into the current 

to fill. 

3. Once the bottle is full, remove the bottle from the water in one motion by forcing the opening 

upward and into the current and seal the bottle securely. 

When selecting water quality monitoring station locations on rivers, care will be taken where a tributary 

joins a river, since complete mixing of the two waters may not be achieved within several hundred metres 

downstream of the confluence (or further).  When in doubt, vertical profile monitoring across the river’s 

width using a field parameter such as pH, temperature or conductivity will be used to assess if complete 

mixing has occurred.   

4.3.4 SAMPLING FOR TOXICITY TESTING 

Sampling for lethal toxicity testing is a condition of Baffinland’s Type A Water Licence No. 2AM-MRY1325 

Amendment No. 1 (Nunavut Water Board, July 31 2014) for various monitoring programs. Sub-lethal 

toxicity testing is a condition of Environmental Effects Monitoring (EEM) and Metal Mining Effluent 

Regulations (MMER).  Depending on the regulatory and analysis requirements, one or more 4L effluent 

samples are required.  Depending upon the objectives of the toxicity testing, variables that will require 

confirmation prior to testing include: 

 Type of effluent sample to be collected e.g. instantaneous grab sample, or composite sample collected 

over a period of time 

 Type of dilution water to be used by the testing laboratory e.g. standard synthetic laboratory dilution 

water, receiving water collected upstream of the discharge etc. 

 Preferred test organism e.g. Daphnia magna and/or rainbow trout 

Details concerning laboratory methods are presented in Appendix D. For further details concerning acute 

lethality testing refer to Environment Canada (2002) and USEPA (2002). For further details concerning 

sub-lethal testing refer to Environment Canada (2012) 
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4.3.5 IN-SITU WATER QUALITY 

Measurement of field parameters (e.g. temperature, pH, conductivity, redox potential, or dissolved 

oxygen, etc.), where warranted, will be carried out for each sample at the time of sampling.  The required 

set of field parameters will vary according to sample type and monitoring objectives.  For a complete list 

of required parameters please refer to the Baffinland’s Type A Water Licence No. 2AM-MRY1325 

Amendment No.  1 (Nunavut Water Board, July 31 2014). The exact methods used for monitoring field 

parameters will depend upon the type of monitoring probes being used.  Field staff will read and be 

familiar with the instruction manual for the equipment being used on site , and follow manufacturer’s 

instructions for specifics on proper calibration, use, storage, and maintenance.   

Field staff will rinse the monitoring probe three times with the water to be monitored before immersing 

the probe in the water.  Generally, the user will ensure that the probe being used has had sufficient time 

to equilibrate in the water before the reading is taken.  This is generally regarded as the point at which 

the reading has stabilized. 

Field parameter data will be recorded in notebooks, or preferably in a custom form designed for this 

purpose. A copy of the data should be retained on site. 

4.3.5.1 MONITORING PROBE CALIBRATION 

Monitoring probes will be stored and calibrated in accordance with manufacturers’ instructions.  All 

probes will be calibrated regularly per sampling program requirements and a written record of the 

calibration results will be maintained on site.  Field staff will ensure that calibration solutions are of the 

correct specification and that they have not passed their expiry date (if applicable).  Monitoring probes 

will be stored as per manufacturers’ recommendations.    
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5 SEDIMENT SAMPLE COLLECTION 

For a complete list of the required sample analyses at pre-established monitoring station, please refer to 

Baffinland’s Type A Water Licence No. 2AM-MRY1325 Amendment No.  1 (Nunavut Water Board, July 31 

2014) and the Aquatic Effects Management Plan BAF-PH1-830-P16-0039 r1. Every effort will be made to 

get samples analysed within the preferred holding time window conforming to the specified protocols for 

sediment sampling. A summary of recommended sediment sample containers, sample volumes, and 

maximum sample holding times is presented in Table 3. Field observations and parameters if warranted 

should be recorded during the collection of sediment samples. 

5.1 SEDIMENT MONITORING LOCATIONS 

The QA/QC Plan addresses the collection of sediment samples related to monitoring programs being 

carried out in support of Baffinland’s Mary River Project, namely: 

1. Collection of environmental sediment samples from area lakes, streams and rivers. 

2. Collection of sediment samples from fuel berms and dispensing facilities. 

3. Collection of sediment samples from landfarm facilities. 

4. Collection of sediment samples from remediation and reclamation projects. 

5. Collection of sediment samples evaluating spills and releases. 

5.2 SEDIMENT SAMPLING METHODS AND EQUIPMENT 

Sediment samples specified under Baffinland’s Type A Water Licence No. 2AM-MRY1325 Amendment No.  

1 (Nunavut Water Board, July 31 2014) and Aquatic Effects Management Plan BAF-PH1-830-P16-0039 r1 

are characterised by the following procedures.  

5.2.1 GENERAL SAMPLING PROCEDURES 

Generally, sampling procedures will consist of the following: 

1. Sampler will wear a fresh pair of disposable nitrile gloves for each sampling event. 

2. A fresh sample bottle(s) will be used at each monitoring station.  Sample bottles will not be re-

used. 

3. Sample details e.g. date, sample ID and analysis will be clearly marked on the  sample jar in 

indelible ink. 

4. All samples will be sealed by ensuring their lids are tightly secured before placing the bottles into 

the coolers. 

5. All samples will be placed in an iced cooler as soon as possible after collection.  

5.2.2 RIVER AND GRAB SAMPLING 

The collection of river and grab samples will follow the general procedures stated in 5.2.1 and will entail 

the following additional QA/QC considerations: 
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1. Sampling station locations will be dependent upon the monitoring program objectives  and the 

sample location. 

2. A sterile spatula or spoon will be utilized to obtain a representative sample of the sediment for 

analyse.  

3. If composite samples are required by the monitoring program, a sterile container will be utilised 

to deposit and homogenize the subsamples, until the composite sample is fully mixed.  The 

composite sample will then be transferred to the identified sample jars by alternating aliquots. 

4. The quantity and holding time of samples obtained will depend on the prescribed analysis.  

5.2.3 LAKE SAMPLING 

For monitoring of sediment character and quality in lakes, a depth sampler will be used. The preferred 

sample apparatus for lake sediment samples are gravity percussion corers, since they allow for retrieval 

and analysis of sediment profiles. A petite Ponar can also be used but will not provide sediment profiles.  

Generally, forms of gravity percussion corers consist of a clear polycarbonate sample core tube attached 

to a weighted upper head assembly and a seal mechanism. The top two centimeters of sediment from the 

core samples will be retained for laboratory analysis unless sampling objectives state otherwise. 

Sediment lake sampling procedures will follow the general procedures stated in 5.2.1 and the following 

additional QA/QC considerations for a gravity percussion corer: 

1. Sampling station locations will be dependent upon the monitoring program objectives and the 

lake dimensions. When sampling from a watercraft all efforts will be made to anchor the boat 

stationary. Map coordinates for all lake sampling station locations will be recorded using a GPS 

unit.   

2. The corer will be positioned perpendicular to the water surface prior to release. The  penetration 

depth of the core tube is affected by the depth of water, angle of corer deployment and substrate 

type. 

3. Once the corer is embedded in the substrate, the stainless steel messenger will be sent down the 

corer rope to release the ball-type seal. This seal creates a vacuum in the core tube, retaining the 

sampled sediment. 

4. Upon retrieval, the bottom of the core tube will be plugged using an extruding plug prior to 

breaking the air-water interface. This procedure will prevent sample loss. 

5. An extruding apparatus will be used to force the extruding plug through the core tube moving the 

sediment sample to the end of tube allowing the top two centimetres to be scooped out and 

placed in a clean stainless steel bowl for sample homogenisation. 

6. Multiple core samples (generally three or more) are required per sample station to obtain the 

required sample volume. The multiple core samples are homogenized in the stainless steel bowl, 

removing any excess water or debris.  

7. The sample containers will be filled by alternating aliquots between each of the containers.  
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8. After the top two centimeters are retained, the remaining, unused sediments within the core tube 

will be placed into a bucket and only released once all core sampling is complete at that particular 

station. 

9. Depending upon the lake area and depth, multiple sampling stations will likely be required to 

adequately characterize lake water quality. 

6  BENTHIC INVERTEBRATES SAMPLE COLLECTION 

For a complete list of required analyses at pre-established monitoring stations, see Baffinland’s Aquatic 

Effects Management Plan BAF-PH1-830-P16-0039 r1. Samples will be submitted to an analytical 

laboratory for processing and taxonomic identification. Laboratory methods for benthic invertebrate 

samples will be in accordance with guidance provided by EC, 2012. Field observations and parameters if 

warranted should be recorded during the collection of benthic invertebrate samples 

6.1 BENTHIC INVERTEBRATE MONITORING LOCATIONS 

This QA/QC Plan addresses the collection of benthic invertebrate samples related to monitoring programs 

being carried out in support of Baffinland’s Mary River Project, namely: 

 Collection of benthic invertebrate samples from area lakes, streams and rivers in remote 

reference areas 

 Collection of benthic invertebrate samples from area lakes, streams and rivers in the Project Area 

to determine: 

1. Water quality changes related to discharge of ore or stockpile runoff to freshwater 

systems  

2. Water quality changes related to discharge of treated sewage effluent  

3. Water quality changes due to deposition of dust in lakes and streams. 

4. Changes in water levels and/or flows due to water withdrawals, diversions, and effluent 

discharges  

6.2 BENTHIC INVERTEBRATE SAMPLING METHODS AND EQUIPMENT 

Benthic Invertebrate samples follow the same general procedures outlined in 5.2.1. Benthic invertebrates 

can be collected from either depositional (lake) or erosional (stream) sample locations. A petite Ponar is 

utilised when sampling depositional environments while a Surber sampler is utilised when sampling 

erosional environments. For a complete list of depositional and erosional sample methods see Baffinland’s 

Aquatic Effects Management Plan BAF-PH1-830-P16-0039 r1. Benthic invertebrate samples will be 

carefully sieved through 500 μm mesh. All materials, including invertebrates, retained by the mesh will be 

transferred to labelled plastic jars and fixed with 10% buffered formalin. Fixed and labelle d samples will 

be shipped to an analytical laboratory for processing and archiving. 
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7 QA/QC 

For monitoring of QA/QC during sample collection and shipping, a set of QA/QC samples will be routinely 

submitted for analysis.  Descriptions of the QA/QC samples that will be used (e.g. field blank, travel blank, 

equipment blank and field duplicate) are presented on Table 2. Except equipment blanks, ten percent of 

all samples will comprise QA/QC samples. 

In the interest of transparency, the analytical laboratories will also be instructed to report the results of 

their own in-house QA/QC testing (e.g. results of random replicate analyses of submitted samples).  

The results of QA/QC analyses will be routinely reviewed by Baffinland or their designate, and any 

anomalous results will be promptly investigated with the assistance of the analytical laboratory.  Once the 

reason for the anomalous results is identified, Baffinland will ensure that operating procedures of field 

staff and/or the analytical laboratory will be altered in order to rectify the problem. Compliance 

monitoring and data management for water license sampling will be conducted by Baffinland, with the 

assistance of a designate as required. 

TABLE 2: PURPOSE, DESCRIPTION AND FREQUENCY OF QA/QC SAMPLES 

QA/QC Plan Purpose Description Frequency Prepared By 

Field blank Identification of potential contaminants 

arising from sample collection. The field 
blank bottle is prefil led with laboratory 
deionized water and is handled in the 
same way as regular sample bottles (i.e., 

opened and closed during the sample 
collection). The bottle is submitted as a 
routine sample. 

Bottle contains 

prefil led deionized 
water. Bottle is 
handled the same as 
one would handle the 

samples. 

Ten percent of all  

samples collected 
will  be QA/QC. 

Field Staff 

Travel blank Identification of potential contaminants 

arising from sample storage, shipping 
and laboratory handling.  The travel 
blank accompanies the samples to the 

laboratory but is not taken out into the 
field, or opened. 

Sealed bottle 

containing deionized 
water provided by 
analytical laboratory.  

Ten percent of all  

samples collected 
will  be QA/QC. 

Analytical 

laboratory 

Equipment blank Assesses cross contamination from field 

water sampling apparatus (e.g 

Kemmerer). Rinse deionized water 
through water sampling apparatus and 
transfer to sample bottles. 

Bottle contains 
dionized water that 

has been rinsed 
through the sampling 
apparatus. 

Collected prior 
and after 

completion of 
sampling program 
(if required). 

 

Field Staff 

Field duplicate Assesses sample variability and precision 
of laboratory analytical methods. 
Collected from a randomly selected 

location, split from a homogenized 

Duplicate sample 
selected at random. A 
large sterile bottle is 

used to collect the 

Ten percent of all  
samples collected 
will  be QA/QC. 

Field Staff 
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sample and analyzed separately in the 

laboratory.  The duplicate samples are 

handled and analyzed in an identical 

manner in the laboratory. 

water.  Water is then 
poured equally into 

two sets of pre-
labelled bottles. 

 

8 SAMPLE MANAGEMENT 

8.1 SAMPLE LABELING  

Accurate sample labelling is essential for later interpretation of field data.  Ensure that labels are legible 

and written with an indelible marker. For a complete list of the predetermined sample labels at monitoring 

station, please refer to Baffinland’s Type A Water Licence No. 2AM-MRY1325 Amendment No.  1 (Nunavut 

Water Board, July 31 2014) and the Aquatic Effects Management Plan BAF-PH1-830-P16-0039 r1. 

A consistent format for identifying samples must be followed if a predetermined sample label does not 

exist in order to facilitate accurate sample tracking and to ensure sample labels are interpreted in the 

same manner by all personnel involved in the program.  

Samples must be uniquely identified with the following information: 

 Sample ID 

 Collection date and time 

 Project identifier  

 Company name 

QA/QC samples will be labeled by the following conventions: 

 Field Duplicate: 01 following the sample label 

 Field Blank: 02 following the sample label 

 Travel Blank: 03 following the sample label 

 Equipment Blank: 04 following the sample label 

8.2 SAMPLE STORAGE AND HANDLING 

Physical, chemical and biochemical reactions may take place in the sample container between the time of 

sample collection and laboratory analysis Samples will be placed in iced coolers and shipped to the 

analytical laboratory as soon as possible after collection, consulting stipulated analytical holding times, to 

minimize these changes.  Care will be taken to ensure that bottles are stored upright and are packed 

securely within the cooler.  Preferably, leak-proof ice packs will be used for cooling the samples.  If loose 

ice is used then this should be securely sealed in plastic bags to prevent leakage of melt water. 
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Biological samples (e.g. benthic invertebrates) preserved using formalin or Lugol’s solution can be held at 

room temperature until submission to the analytical laboratory. 

8.3 SAMPLE SUBMISSION AND CHAIN OF CUSTODY 

A chain of custody (COC) form will accompany all samples being submitted to ensure that the required 

analyses are completed, and to confirm receipt of samples by the laboratory (see example form presented 

in Appendix B).Prior to shipment, samples should be carefully prepared for shipping and sample bottles 

listed on the COC must be reconciled with what has physically been placed in the shipping container. The 

collection of samples that are time sensitive needs to coincide with shipping schedules, travel time to the 

laboratory, and laboratory business hours. A record of all COCs submitted for analysis must be kept on 

site. Information on the COC form will include: 

1. Project name and project assignment number. 

2. Address of analytical laboratory, name of contact person and contact details. 

3. Contact details and name of sampler. 

4. Date and time of sampling. 

5. Whether the sample has been filtered, or whether laboratory filtration is required.  

6. List of sample I.D.’s, sample type (e.g. lake water, sewage effluent, etc.), number of sample bottles 

per sample and analysis requested. 

7. Urgency of analysis (e.g. rush or normal).  For rush samples the analytical laboratory should be notified 

ahead of time. 

8. Whether sample contains preservative and if so, what preservative and when it was added. 

9. Submission date and time. 

10. Comments on any unusual conditions and other important information. 

9 LABORATORY ANALYSIS 

9.1 LABORATORY ACCREDITATION 

Laboratory analysis of samples is performed by an on-site accredited analytical laboratory and an off-site 

accredited analytical laboratory. The on-site laboratory is operated by ALS Canada LTD. and is located at 

the Mine Site. A select set of basic analytical parameters (e.g. pH, TSS, Turbidity etc.), are performed by 

the on-site laboratory.  The off-site laboratory, ALS Environmental, located in Waterloo, ON, run by ALS 

Canada Ltd. performs the majority of analyse required. Toxicity testing is performed by Aquatox Testing 

& Consulting Inc, located in Guelph, ON. Details of ALS analytical laboratory licencing and accreditation 

are presented in Appendices C. 
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9.2 ANALYTICAL DETECTION LIMITS 

ALS Limits of Reporting (LORs) are established using rigorous experimental and statistical procedures that 

begin with the determination of the Method Detection Limit (MDL) at 99%confi dence. When detected at 

or above the MDL, ALS test results are considered to be qualitatively accurate, and a parameter can be 

reported with 99% confidence as being present in the sample. 

It should be noted that on occasion, a loss of analytical sensitivity can be encountered due to excessively 

high concentrations of parameters within a sample or lack of provided sample matrix.  If this is 

encountered, Baffinland or their designate will work with the analytical laboratory to try and resolve the 

problem and new samples will be taken if taken if required. The detection limits on ALS analytical reports 

contains the LOR. The LOR may be the MDL as calculated, or a higher value. Required analytical laboratory 

detection limits are provided in Appendix D. 

9.3 LABORATORY ANALYTICAL METHODS 

Analytical methods used by the analytical laboratories for water analyses generally conform to the 

standard methods outlined in Standard Methods for the Examination of Water and Wastewater (APHA et 

al, 1989).  Standard analytical methods for available analyses through ALS Environmental are provided in 

Appendix D.  

9.4 ANALYTICAL LABORATORY QA/QC PROCEDURES 

ALS Environmental adheres to a designated QA/QC Management System which includes documentation 

and document control, staff training and internal audits. The practices exceed accreditation requirements 

for high confidence in data reliability utilising but not limited to: 

 Use of calibration verification standards and drift control standards. 

 Use of surrogate standards and internal standards. 

 Replicate analyses and blanks on submitted samples. 

 Use of standard reference materials (SRM’s) and matrix spikes. 

 Standards Data Quality objectives are established for each QC sample, based on a combination of 

reference method objectives, customer requirements and historical test method performance. Where 

applicable, prescriptive elements of reference methods take precedence over internal 

 

Further details on the analytical laboratories in-house QA/QC protocols are presented in Appendix E. 
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9.5 SUMMARY OF ANALYTICAL PROCEDURES 

TABLE 3: SUMMARY OF ANALYTES, WATER AND SOIL SAMPLE VOLUMES, PRESERVATIVES AND SAMPLE 

STORAGE TIME FOR ALS ENVIRONMENTAL 

 

 

Inorganics Analysis 1 Water Container Water Preserv ation Additional Notes Soil Container Water / Soil Hold Time 

ROUTINE 
INORGANICS 

AND 
PHYSICALS  

Acidity and Alkalinity 0.5-1 L Plastic     125-250 mL Jar or Bag 14 Days / NA 

Anions (Br, Cl, SO4, F) and Electrical 
Conductivity 0.5-1 L Plastic     125-250 mL Jar or Bag 28 Days 7/ Unlimited 

Bromate19, Chlorate and Chlorite 125 mL Plastic EDA (Ethylenediamine)   NA 
28 Days (Chlorite 14 Days) 

/ NA 

BOD, Colour and Turbidity 0.5-1 L Plastic     NA 2-4 Days 8 / NA 

COD and Phenols (4AAP) 125-250 mL Glass 1:1 Sulfuric Acid (H2SO4)   NA 28 Days / NA 

Cyanide, Total ,Weak Acid Dissociable,Free 145 mL Plastic 6N NaOH   125-250 mL Jar or Bag 14 Days / 14 Days 

Dissolved Oxygen 300 mL BOD bottle 1 each; MnSO4 & alkaline iodide azide pillows NA 8 Hours20 / NA 

Dissolved or Total Inorganic Carbon (DIC or TIC) 125-250 mL Glass . 
Field Filter for 

Dissolved 
125-250 mL Jar or Bag 

14 Days / 28 Days 

Dissolved or Total Organic Carbon (DOC or 
TOC) 125-250 mL Glass 1:1 Sulfuric Acid (H2SO4) 

Field Filter for 
Dissolved 125-250 mL Jar or Bag 28 Days / 28 Days 

Flashpoint 2 x 100-250 mL Amber Glass   Zero Headspace 125-250 mL Jar 7 Days / 7 Days 

pH 0.5-1 L Plastic     125-250 mL Jar or Bag 0.25 Hours / 30 Days 9 

Solids (TS, TSS, TDS) 0.5-1 L Plastic     NA 7 Days / NA 

Sulfide 125 - 150 mL Plastic  Zinc Acetate & 6N NaOH   125-250 mL Jar or Bag 7 Days / 7 Days 

Sulfite 125 mL Plastic     NA 0.25 Hours / NA 

NUTRIENTS 

Ammonia Nitrogen 250 mL  Glass or Plastic  1:1 Sulfuric Acid (H2SO4)   125-250 mL Jar or Bag 28 Days / 72 Hours 

Nitrate or Nitrite Nitrogen (and Ammonia 
unpreserved) 

0.5-1 L Plastic     NA 2-7 Days 10 / 72 Hours 

Nitrogen, Kjeldahl, Organic, Total or Dissolved 250 mL Glass or Plastic  1:1 Sulfuric Acid (H2SO4) 
Field Filter for 

Dissolved NA 28 Days / NA 

Nutrients, Available (N,P,K,S) NA    125-250 mL Jar or Bag NA / 3 Days 11 

Phosphorus, Reactive (orthophosphate) 0.5-1 L Plastic     NA 2-7 Days 12 / NA 

Phosphorus, Total Dissolved 250 mL Glass or Plastic  1:1 Sulfuric Acid (H2SO4) 
Field Filter for 

Dissolved NA 28 Days / NA 

Phosphorus, Total 250 mL Glass or Plastic  1:1 Sulfuric Acid (H2SO4)   NA 28 Days / NA 

METALS 

Chromium VI (Hexavalent) 
125 mL Plastic 

50 % NaOH (BC MoE) or 6N NaOH + Ammonium Buffer 
(OMoE) 

125-250 mL Jar or Bag 28 Days / 30 Days 

Mercury, Methyl 250 mL FLPE 1:1 Hydrochloric Acid (HCl)21 
Field Filter for 

Dissolved 
125-250 mL Jar or Bag 

6 Months / 28 Days 

Mercury, Total or Dissolved 
40 mL Glass Vial 

1:1 Hydrochloric Acid (HCl) 
Field Filter for 

Dissolved 
125-250 mL Jar or Bag 

28 Days / 28 Days 

Metals, Total or Dissolved 
125-250 mL Plastic 1:3 Nitric Acid (HNO3) to pH<2 

Field Filter for 
Dissolved 

125-250 mL Jar or Bag 6 Months / 6 Months 

Organics             

HYDRO-
CARBONS 

F1, Volatile Organic Compounts (VOCs), THMs, 
1,4-Dioxane, Volatile Petroleum Hydrocarbons 
(VPH) 

2 or 3 x 40 mL Glass Vials 2 Sodium Bisulfate 4 Zero Headspace Field Methanol Kit 6 14 Days / 40 Days 13 

2 or 3 x 40 mL Glass Vials 2 Sodium Bisulfate 4 Zero Headspace Hermetic Sampler kit 6 14 Days / 48 Hours  

CCME CWS F1, BTEX 2 or 3 x 40 mL Glass Vials 2 Sodium Bisulfate 4 Zero Headspace 125 - 500 mL Jar 14 Days / 7 Days 

CCME CWS F2-F4 2 x 60 mL Amber Glass Vials 3  Sodium Bisulfate   125 - 500 mL Jar 14 Days 14/ 14 Days 

EPH or LEPH/HEPH 
2 x 250 mL Amber Glass with Septa 

Cap  
Sodium Bisulfate   125 - 500 mL Jar 14 Days / 14 Days 

Polycyclic Aromatic Hydrocarbons (PAHs) 2 x  0.25 - 1 L Amber Glass 5 Sodium Bisulfate    125 - 500 mL Jar 14 Days / 14 Days 

Oil & Grease or Mineral Oil & Grease 2 x  0.25 - 1 L  Glass 1:1 HCl or H2SO4   125 - 500 mL Jar 28 Days / 28 Days 

TRACE 
ORGANICS 

Alcohols 2  x 40 mL Glass Vials    Zero Headspace 125 - 500 mL Jar 7 Days / 7 Days 

Alkanolamines (MEA, DEA, DIPA) 250 mL Amber Glass     125 - 500 mL Jar 7 Days / 14 Days 

AOX  40 - 250 mL Amber Glass 1:3 Nitric Acid (HNO3) to pH<2   125 - 500 mL Jar 6 months 15 / 28 Days 

C1 - C5 Gases 3 x 40 mL Blue Septa Vials  Sodium Bisulfate 4 Zero Headspace NA 14 Days / NA 

Dioxins and Furans, PBDE and PBB 2 x 1 L Amber Glass     125 - 500 mL Jar Unlimited / Unlimited 

Formaldehyde/Aldehydes 2  x 40 mL Amber Glass Vials 2 
Ammonium Chloride+Copper 

Sulfate 
Zero Headspace 125 - 500 mL Jar 7 Days / 5 Days 

Glycols 2 x 40 mL Amber Glass Vials      125 - 500 mL Jar 7 Days / 14 Days 

Hormones and Steroids 1 L Plastic     NA 28 Days / NA 

Naphthenic Acids 2 x 250 mL Amber Glass     125 - 500 mL Jar 14 Days / 14 Days 

Nitroaromatics and Nitrosamines (Explosives) 1 L Amber Glass     125 - 500 mL Jar 7 Days / 14 Days 

Nonylphenol & Ethoxylates, Bisphenol A (BPA) 1 L Amber Glass     125 - 500 mL Jar 28 Days / 14 Days 
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PCB 2 x  0.25 - 1 L Amber Glass     125 - 500 mL Jar Unlimited / Unlimited 16 

Perfluorinated Chemicals (PFCs), PFOS, PFOA 1 L Plastic (PTFE free)     125-250 mL Jar or Bag 14 Days / 14 Days 

Phenolics, Chlorinated and Non-Chlorinated 2 x  0.5 - 1 L Amber Glass 
Ascorbic Acid & Sodium 

Bisulfate 4   
125 - 500 mL Jar  14 Days / 14 Days 

Priority Pollutants (EPA 625 list) or SVOCs 2 x 1 L Amber Glass     125 - 500 mL Jar 7 Days / 14 Days 17 

Resin  Acids & Fatty Acids 2 x  0.5 - 1 L Amber Glass Ascorbic Acid & NaOH   125 mL Jar 14 Days / 14 Days 

Sulfolane 2 x  0.5 - 1 L   Amber Glass Sodium Bisulfate 4   125 mL Jar 14 Days / 14 Days 

PESTICIDE 
RESIDUES 

Carbamate Pesticides  1 L Amber Glass 
Use Sodium Thiosulfate if 

chlorinated   125 - 500 mL Jar 7 Days / 14 Days 

Glyphosate / AMPA 1 L Plastic 
Use Sodium Thiosulfate if 

chlorinated 
  125 - 500 mL Jar 14 Days / 14 Days 

Herbicides, Acidic 2 x 1 L Amber Glass Sodium Bisulfate 4   125 - 500 mL Jar 14 Days / 14 Days 

Organochlorine or Organophosphate Pesticides  2 x 1 L Amber Glass     125 - 500 mL Jar 7 Days / 14 Days 

Soil Sterilant Scan 1 L Amber Glass     250 g Poly Bag 7 Days / 14 Days 

Micro   

MICRO-
BIOLOGICAL 

Coliforms-Fecal, Total, E-coli & HPC 100 - 300 mL Sterilized Plastic  Sodium Thiosulfate   500 mL Sterilized Jar 
24-48 Hours 18 (24 - HPC) 

/ NA 

Microtox 1 L Amber Glass     125-250 mL Jar or Bag 3 Days / 3 Days 

1. Additional analyses with the same container type and preservation may be possible - consult the lab for 
details. 10.  3 Days hold time as per BC MoE, 5 Days hold time as per Ontario MISA and 7 Days hold time as per OMoE. 

2. The number of 40 mL glass vials required (2 or 3) for BTEX & VOC varies by lab based on instrumentation.  
Consult the lab for details. 

11. 3 Days hold time until received. Unlimited hold time once soil  is dried. 
  

12. 3 Days hold time as per BC MoE and 7 Days hold time as per OMoE. 
  

3. Please fill to the top of the marked line on the 60 mL Amber Glass Vials.  
13. 40 Days hold time as per BC MoE and 14 Days hold time as per OMoE.  Recovered methanol extract from laboratory  
has a 40 Days hold time as per OMoE. 

4. Use Sodium Thiosulfate instead of Sodium Bisulfate if sample is chlorinated. 14. 40 Days hold time as per OMoE.     

5. OMoE has no preservation requirement for PAHs.  2 X 250 mL Amber Glass required for BC MoE and OMoE.  
For AB and SK and for Alkylated PAHs, ALS requires 2 x 1 L Amber Glass. 

15 14 Days hold time as per Ontario MISA. 

16. 14 Days hold time as per OMoE. Consult lab for container size if limited sample volume is available. 

6. Soil sampling options depend on soil location and condition of soil.  Field Methanol Kit consists of one 5g 
TerraCore® sampler or similar sampling device, two pre-weighed 40 mL glass vials with methanol preservative and a 
125mL soil jar for moisture. Hermetic sampler kit consists of a T-handle, two 5g hermetic samplers and a 125mL soil jar 
for moisture. One additional parameter, such as metals or hydrocarbons can also be obtained from the 125mL soil jar.  

17. 14 Days hold time for water and 60 Days hold time for soil as per OMoE. Ontario labs require 2 x 250 mL Amber Glass 
+ 500 mL Amber Glass. 

18. 30 Hours hold time as per BC Drinking Water Regulation and 48 Hours as per OMoE.  

7. 4 Days hold time for Electrical Conductivity only as per Ontario MISA. 19. Bromate alone does not require preservative. 
  

8. 3 Days hold time for British Columbia as per BC Ministry of Environment (BC MoE), 4 Days hold time as per 
OMoE. 20. 15 Minutes hold time as per OMoE - Field measurement by meter is recommended.  

9.  pH in water should be taken in the field as per BC MoE, 4 Days hold time for Ontario MISA and 28 Days hold 
time for OMoE. 30 Days hold time as received for pH in soil as per OMoE.  One year hold time once soil is 
dried. 

21. Use 1:1 Sulfuric Acid  (H2SO4) for preservation of marine or brackish samples.  

   
SEPTEMBER 2015 BACK 
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10 DATA MANAGEMENT AND REPORTING 

10.1 DATA MANAGEMENT 

All sample data collected by Baffinland or designate consultants from the various environmental programs 

required on Project sites will be stored electronically in a spreadsheet database (Microsoft Excel) or using 

alternative software designed specifically for environmental data management.  

QA/QC measures relating to data validation will include the following: 

1. Designation of a suitable person to act as Water Quality Database Manager (WQDM). 

2. Upon receipt, laboratory analytical data will be reviewed by the WQDM to check for completeness, 

typos, outlying values, etc.  The analytical laboratory will be immediately notified of any anomalous 

results.   

3. At a suitable frequency (e.g. once per month) the spreadsheet database should be updated by the 

WQDM using: i) results provided in electronic format by the analytical laboratories, and ii)  copies of 

the field parameter monitoring records forwarded from site  

4. The WQDM will be responsible for ensuring that a third party (e.g. another staff member) carries out 

a QA/QC check on a minimum of ten percent of newly entered data. 

10.2 REPORTING 

All documents prepared by Baffinland or their designate for submission to the regulators will be reviewed 

by senior staff and Baffinland prior to issue, as per the company’s standard practice and quality 

management system. 
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Appendix A- 

Quality Assurance Assurance (QA) and Quality 
Control (QC) Guidelines for use by Class “A” 

Licensees in Meeting SNP Requirements and for 
Submission of a QA/QC Plan (INAC, 1996). 
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1.0 Introduction and Definitions 
 
In order to assist Licensees in completing their Quality Assurance and 
Quality Control (QA/QC) Plan, the following guidelines are provided, 
which indicates the minimum information that should be included. 
 
These Guidelines are divided into three sections: 
 

1) Field Sampling 
2) Lab Analysis 
3) Reporting Requirements 

 
It is recognized that there may be different interpretations as to what is 
covered by “Quality Assurance/Control” due to the fact that certain 
Licensees have their own laboratories, while others only use 
commercial laboratories.  For licence purposes, “Quality Assurance” 
and “Quality Control” refer to the following: 
 
Quality Assurance:  is the system of activities designed to better 
ensure that quality control is done effectively; while 
 
Quality Control:  is the use of established procedures to achieve 
standards of measurement for the three principal components of 
quality: precision, accuracy and reliability. 
 
 

2.0 Field Sampling 
 

2.1 Sample Collection 
 

2.1.1 
 

Location 
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A QA/QC plan must identify the locations of all sampling 
stations and the markers used to identify the stations.  If the 
Surveillance Network Program (SNP) of the Water Licence 
does not specify sampling locations, locations should be 
chosen with help from an Inspector. 

 
Buoys and landmarks identify sampling stations in tailings 
ponds and lakes, while sign post positioning usually marks 
stream sample stations.  Stations should be used repeatedly, 
with the same personnel and techniques to reduce operational 
error.  The use of Global Positioning System (GPS) to identify 
Latitude and Longitude for sampling stations is recommended. 

 
2.1.2 

 
Sampling Equipment 

The Plan must include a detailed section on the equipment 
used for sampling, the rationale behind the choices of 
equipment, and descriptions of how the equipment is 
maintained and calibrated.  Equipment and bottles should be 
selected so that they do not contaminate or otherwise alter the 
concentrations of parameters of interest. 

 
Sampling devices, sample bottles and filtration devices should 
be constructed of non-metallic material.  Most samples are 
now collected in containers constructed of high density 
polyethylene plastic.  However, there are some exceptions, 
when testing for oil and grease or phenols glass containers 
are to be used.  When conducting a fish bioassay, plastic 
drums are used while hydrocarbon based containers are not 
to be used for the collection of organic samples. 

 
This section should also identify whether new or used bottles 
are used for each sample analysis.  New bottles are preferred, 
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but sample containers may be used repeatedly with proper 
handling measures. 

 
If old bottles are used, a detailed description should be 
included, noting how they are maintained, stored and cleaned.  
Usually, this will closely resemble the product manufacturer’s 
instructions.  An example of how bottles should be cleaned is 
outlined below: 

 
· Rinse well with hot tap water for one minute or more. 
· Empty bottle and add 30% HNO3 to approximately 1/3 

container capacity.  Shake well for three to four minutes. 
· Rinse vigorously with hot tap water for two minutes. 
· Rinse thoroughly three times with tap water and three times 

with distilled water. 
· Store with 0.2% HNO3 for a minimum of one week. 
· Rinse again with distilled water at least three times. 

 
Bottles that are to be used for bacteria testing should be acid 
washed or autoclaved if possible. 

 
Note: Additional information on bottle washing is also 
available from Water Resources Division. 

 
2.1.3 
 

Sampling Methods 

This Section will include details on methods for sample 
collection and the equipment that is to be used for each 
station. 

 
In lakes and ponds, regular sample bottles are used the 
majority of the time, but Van Dorn samples are often utilized.  
The sample or the sample bottle is usually lowered to mid 
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depth and washed three times before collecting the sample on 
the fourth submersion.  Approximately 2% of the sample 
container capacity should remain to provide for mixing, 
preservative addition and thermal expansion. 

 
Stream water sampling is usually done by plunging a sample 
bottle toward the current and allowing it to fill.  Once again, 
the bottle should be rinsed three times before filling and room 
should be left for preservative addition and mixing. 

 
A glass bottle should be used when sampling for oil and 
grease with the sample being collected during the first 
submersion and not rinsed three times first. 

 
This section should also describe how often field blanks and 
replicate samples will be collected.  Field blanks are samples 
of distilled/deionized water that are to be treated in exactly the 
same manner as the other samples.  Blanks should therefore 
be taken to the field and handled and preserved as part of the 
sample program.  They indicate when a sample may be 
contaminated and are indicative of general sample integrity.  
Replicate samples (duplicates and triplicates) are two or three 
samples collected from the same station at the same time.  
They help to ensure sample precision at the laboratory. 

 
2.2 Sample Handling 

 

2.2.1 
 

Preservation 

After collection, most samples must be preserved in order to 
prevent chemical or biochemical changes to the sample.  The 
QA/QC plan must describe how samples from each station 
are to be preserved. 
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Preservation is generally done by the addition of certain 
chemicals into the bottle immediately after the sample is 
collected.  Table 1 is a general guide to preservatives and 
their appropriate concentrations.  The QA/QC plan should 
contain more detailed information on the concentrations and 
amount of preservatives that will be used. 

 

 2.2.2 
 

Sample Identification 

The plan should include a description of the system used to 
identify samples.  The system must provide positive sample 
identification and ensure that the identification is maintained.  
It is advisable to keep a logbook of samples that have already 
been delivered. 

 
The identification can be maintained by marking the bottle 
itself or a label, with a water resistant, non-smear felt pen.  
The information should be clear to persons uninvolved in the 
sampling and may include such details as company name, 
sample area, SNP number, time and date. 

 
 2.2.3 
 

Transportation 

The section on transportation will describe how sample 
integrity will be ensured from the time of collection to 
completion of delivery.  Delivery to the lab should be done as 
soon as possible after the samples have been collected. 

 
Usually, samples are sealed and stored upright in a box with 
other samples to provide a snug, immobile storage space 
during transfer.  Any samples that require refrigeration for 
preservation should be kept cool during transport. 
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3.0 Lab Analysis 
 

Because certain Class “A” Licensees have their own analytical 
laboratory and others rely on commercial laboratories, this section of 
the Guidelines is divided accordingly. 
 

3.1     Outside Laboratories 
 

3.1.1 
 

Lab Accreditation 

The Licensee will identify in the plan the name of the 
commercial laboratory that will be conducting the analyses.  A 
letter must be provided from the commercial lab indicating that 
they are accredited to conduct analyses on each of the 
required sampling parameters.  Ideally, the lab should be 
accredited by the Canadian Associated for Environmental 
Analytical Laboratories (C.A.E.A.L.) and should provide a 
certificate stating parameters for which they are accredited. 

 
 3.1.2   
  

Detection Limits 

Detection limits for the commercial lab should be identified for 
all parameters and should be reported when any SNP data is 
submitted. 

 
 3.1.3 
 

Methodology 

Descriptions should be included for any methods of analysis 
used that are not outlined in “Standard Methods for the 
Examination of Water and Wastewater”. 
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3.2 In House Laboratories       

 

3.2.1 
 

Identification of Analytical Laboratory/Detection Limits 

Licensees using in-house labs shall identify their detection 
limits for all parameters and report them when any SNP data 
is submitted.  The Licensee shall also identify the commercial 
lab they use to check for quality control. 

 

3.2.2 
 

For Overall Analytical Methods, Precision and Accuracy 

The plan must describe how the Licensee will ensure 
precision and accuracy in their analytical methods.  This 
includes what action will be taken if any sample results are 
found to be outside the appropriate ranges. 

 
All analyses should be conducted in accordance with methods 
prescribed in the current edition of “Standard Methods for the 
Examination of Water and Wastewater” or by other approved 
methods.  In addition, the lab should analyze standard 
reference material for each parameter measured.  For each 
parameter (group) to be measured, a complete description of 
the sampling procedure must be documented and adhered to. 

 
If any sample results are outside the appropriate QA/QC 
ranges, attempts should be made to correct the problem and 
the sample shall be immediately re-analyzed.  If any analysis 
indicates a violation of a licence condition, an Inspector shall 
be notified of the violation, any corrective action taken, and 
the results of retests. 

 

3.2.3 
 

Accuracy Requirements 

The plan should document how the Licensee will go about 
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ensuring accuracy in the laboratory.  Accuracy is the 
measurement of how closely a value approximates a 
standard, or true value.  The Licensee should identify the 
frequency at which certified or reference standards will be 
analyzed during each sampling period. 

 

3.2.4 
 

Precision Requirements 

Precision is a measure of the closeness or repeatability of a 
set of values.  This section will describe how and when 
replicate samples are taken to ensure lab precision.  It is 
recommended that the Licensee take triplicates at one SNP 
station during each sampling period.  If daily sampling is 
required at only one station, a duplicate sample should be 
taken each time, with a triplicate sample taken one a week. 

 

3.2.5 
 

Methodology 

Descriptions should be included of any methods of analysis 
that are not taken from “Standard Methods for the 
Examination of Waste and Wastewater.”  Standard methods 
should be referenced. 
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4.0 Reporting Requirements 

 

4.1      General Submission       

 

The QA/QC plan will contain a section outlining what 
information will be reported in the monthly SNP reports.  Any 
control charts or graphs which display the precision and 
accuracy of the methods used to analyze the samples should 
be submitted with the report.  This includes warning and 
control limits used to determine acceptability of the data. 

 

4.2 Outside Laboratories       

 

The Licensee shall outline the number of replicate samples 
that will be collected and submitted with each SNP report.  It 
is recommended that one set of duplicates or triplicates from 
an assigned SNP site, as well as the results from field blanks, 
be submitted with each required SNP report.  This would 
serve as an internal/external check for the Licensee and the 
commercial lab. 

 

4.3 In-House Laboratories       

 

The Licensee shall outline the number of results from replicate 
samples that will be included with each required SNP report.  
It is recommended that two duplicate sets be collected per 
month at an assigned SNP site, with one set being sent to a 
commercial lab while the other is to be analyzed by the 
Licensee’s lab.  Analytical results from both labs should be 
submitted with each required SNP report.  This would serve 
as an external check for the lab.  Any results from a 
commercial lab should be presented on the lab’s letterhead. 

    
 



QA/QC Guidelines - Class “A” 
 
 

 

 
 Page 10 

 

FOR FURTHER INFORMATION, CONTACT THE WATER 
RESOURCES DIVISION AT: 
 
Box 1500 
Yellowknife, NWT 
X1A 2R3 
(867) 669-2654 Phone 
(867) 669-2716 Fax 
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Appendix 1 
Table 1: General Summary of Special Sampling or Handling Techniques 
 
 
 Determination 

 
 Container 

 
 Minimum 
 Sample Size 
 (ml) 

 
 Preservation 

 
 Maximum  
 Storage 
 Recommended 

 
BOD 
 
Conductivity 
 
Total Cyanide 
 
Hardness 
 
Metals, General 
 
Mercury 
 
Nitrogen: 
 
     Ammonia 
 
 
     Nitrate 
 
Oil and Grease 
 
pH 
 
Suspended Solids 
 
Temperature 
 
Turbidity 
 
Bacteria 

 
Sterile polyethylene 
 
Polyethylene 
 
Polyethylene 
 
Polyethylene 
 
Polyethylene 
 
Glass (rinsed with 1 + 1 HNO3) 
 
 
 
Polyethylene 
 
 
Polyethylene 
 
Glass or wide-mouth calibrated 
 
Polyethylene 
 
Polyethylene 
 
Polyethylene 
 
Polyethylene 
 
Polyethylene (sterilized) 

 
1000 

 
500 

 
500 

 
100 

 
250 

 
500 

 
 
 

500 
 
 

100 
 

1000 
 

-- 
 

-- 
 

-- 
 

-- 
 

-- 

 
Refrigerate 4°C 
 
Refrigerate 4°C 
 
Add NaOH to raise pH>12 refrigerate in dark 
 
Add Conc. HNO3 to lower pH<2 OR (*) unpreserved 
 
For dissolved metals filter immediately, add Conc. HN03 to pH<2 
 
Add Conc. HNO3 or pH<2 or H2SO4 + 1 ml of 5% K2Cr2O7, refrigerate 4°C 
 
 
 
Analyze as soon as possible or add H2S04 to pH<2, refrigerate OR (*) 
unpreserved 
 
Analyze as soon as possible or refrigerate 
 
Add H2S04 to pH<2, refrigerate 
 
Analyze immediately 
 
Refrigerate 
 
Analyze immediately 
 
Analyze same day; store in dark up to 24 hours, refrigerate 
 
None: Keep cool 

 
24 hours 

 
28 days 

 
24 hours 

 
6 months 

 
6 months 

 
28 days 

 
 
 

7 days 
 
 

48 hours 
 

28 days 
 

2 hours 
 

7 days 
 

0 
 

24 hours 
 

6 - 48 hours 

 
 
 
(*) Unpreserved = check with lab that will be analyzing the samples 
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Appendix 2 
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Appendix- B 

Example Forms 



of

Report To Select Service Level Below - Please confirm all E&P TATs with your AM - surcharges will apply

Company: Regular [R]

Contact:

Phone:

Street: Email 1 or Fax

City/Province: Email 2 For tests that can not be performed according to the service level selected, you will be contacted.

Postal Code: Email 3

Invoice To Same as Report To  

Copy of Invoice with Report  

Company: Email 1 or Fax

Contact: Email 2 

AFE/Cost Center:

Job #: Major/Minor Code:

PO / AFE: Requisitioner:

LSD: Location:

           

           

            

            

            

           

             

             

            

           

             

             

Frozen o SIF Observations Yes o No o

Ice Packs o o Custody seal intact Yes o No o

Cooling Initiated o

 Time:

Failure to complete all portions of this form may delay analysis. Please fill in this form LEGIBLY. By the use of this form the user acknowledges and agrees with the Terms and Conditions as specified on the back page of the white - report copy.

1. If any water samples are taken from a Regulated Drinking Water (DW)  System, please submit using an Authorized DW COC form.

  OCTOBER 2015 FRONT

 

Are samples for human drinking water use?

REFER TO BACK PAGE FOR ALS LOCATIONS AND SAMPLING INFORMATION WHITE - LABORATORY COPY        YELLOW - CLIENT COPY

 Released by:

 Drinking Water (DW) Samples
1
 (client use)

Special Instructions / Specify Criteria to add on report by clicking on the drop-down list below 

(electronic COC only)

 

 Date: Received by:

FINAL SHIPMENT RECEPTION (lab use only)

Time:

Are samples taken from a Regulated DW System?

SAMPLE CONDITION AS RECEIVED (lab use only)

 

 

 INITIAL SHIPMENT RECEPTION (lab use only)

Date: Received by:

SHIPMENT RELEASE (client use)

 Date:

 

Time:

 FINAL COOLER TEMPERATURES ºC INIITIAL COOLER TEMPERATURES ºC

Project Information

ALS Contact:

Sample Identification and/or Coordinates Date       ALS Sample # 

(lab use only)

 

ALS Lab Work Order #  (lab use only)

Oil and Gas Required Fields (client use)

PO#

Routing Code:

Ice Cubes

www.alsglobal.com

Chain of Custody (COC) / Analytical 

Request Form

Canada Toll Free: 1 800 668 9878

Select Invoice Distribution:

Invoice Distribution

 

 

 

 

Select Distribution: 

Contact and company name below will appear on the final report Report Format / Distribution

Select Report Format:

 

Company address below will appear on the final report

COC Number: 15 - 

Quality Control (QC) Report with Report

Affix ALS barcode label here
(lab use only)

Indicate Filtered (F), Preserved (P) or Filtered and Preserved (F/P) below

Page

Analysis Request

N
u

m
b

e
r 

o
f 

C
o

n
ta

in
e
rs

  

 Time  

(dd-mmm-yy)

P
R

IO
R

IT
Y

 

(B
u

s
in

e
s
s
 D

a
y
s
)

4 day [P4]

3 day [P3]

2 day [P2] E
M

E
R

G
E

N
C

Y

 

1  Business day [E1]

Same Day, Weekend or 

Statutory holiday [E0]

  

 

 

Date and Time Required for all E&P TATs: dd-mmm-yy  hh:mm

 

ALS Account # / Quote #:

(This description will appear on the report) (hh:mm)
Sample Type

Sampler:

EDD (DIGITAL)EXCELPDF Standard TAT if received by 3 pm - business days - no surcharges apply

EMAIL MAIL

Compare Results to Criteria on Report - provide details below if box checked

FAX

FAXEMAIL MAIL

YES NO

YES NO

YES NO

YES NO

YES NO

http://www.alsglobal.com/
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Analytical Laboratory Accreditation and Licencing 
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Laboratory Analytical Methods 
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Analytical Laboratory QA/QC Procedures 



 

 

ALS Quality Management System Summary 

ALS CANADA LTD    Part of the ALS Group    A Campbell Brothers Limited Company 

 

 

ALS is a global diversified testing services organization with a presence on every continent, offering 
a broad range of services to leading global companies. 

The following report summarizes standard practices routinely employed by the ALS Environmental 
Division in Canada. Our practices exceed accreditation requirements and have been built to meet 
the needs of our customers and to give them confidence in the reliability of our test data.   
 
Additional information is available on request from the Quality Department.  Customers are invited 
to audit or tour ALS facilities at their convenience.  
 

Services to Customers 
ALS cooperates closely with its customers to ensure their testing needs are understood, and allows 
them reasonable access to relevant work areas of the laboratories to audit the management system 
or to witness test work undertaken on their behalf. 

All client issues are logged into our tracking system to ensure each issue is addressed completely 
and appropriately. Local and national oversight and initiatives ensure that identified improvements 
are incorporated in the Canadian laboratories so that customers receive the same level of service 
regardless of which location performs the testing. 

Documentation and Document Control 
Test methods and support procedures are documented in detail to ensure consistency of 
application, repeatability of test results and traceability of analyses.   

Test method requirements include but are not limited to sample handling, sample storage, 
minimizing interference, sample preparation, reagent and standard specifications, equipment, 
supplies, calibration requirements, instrumental measurement procedures, quality control 
requirements, data quality objectives and corrective actions, calculations, reporting requirements, 
reference information, hazards and their preventive measures. 

Administrative support procedures are also documented where needed to ensure quality system 
procedures and customer services are provided in a controlled, approved manner consistent with 
ALS policies and client needs. 

All procedures are authorized prior to use by the signing authority, ensuring adequate technical 
and quality oversight. 

Distribution of documents is controlled to ensure only the most recent version is available for use.  
Authorized documents are reviewed periodically by the signing authority to ensure they continue to 
meet ALS requirements and customer needs.   

Test methods and support procedures are available for client viewing on-site.   
 

Internal Audits 
Internal audits are scheduled and performed by qualified Quality and Technical staff for all routine 
analytical procedures and Quality System elements. Such audits ensure that procedures are 
implemented as intended, that test methods are scientifically defensible and technically sound, and 
that policies, procedures and records continue to meet the Quality System objectives.   
 
Quality staff may periodically initiate unscheduled audits in response to proficiency testing program 
results, client feedback, requests from managers or any other circumstance that warrants 
investigation. 
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Quality Control (QC) 
ALS has established QC procedures for monitoring the validity of tests performed by its 
laboratories. Individual test methods specify quality control requirements, frequency of use, and 
Data Quality Objectives (DQOs).  

The type of quality control elements used for process monitoring is dependent on the test 
performed, but typically includes (as appropriate): Calibration Verification Standards, Continuing 
Calibration Verifications, Instrument Blanks, Method Blanks, Laboratory Control Samples, Reference 
Materials, Matrix Spikes, Surrogate Spikes, and Internal Standards. 

DQOs are established for each QC sample, based on a combination of reference method objectives, 
customer requirements and historical test method performance. Where applicable, prescriptive 
elements of reference methods take precedence over internal DQOs.  

Test results for selected QC samples are available on test reports. Please contact your Account 
Manager for more information. 

Control Charts 
Control charts are used to provide a graphical representation of QC results and test method 
performance over time. Control charts graphically display DQOs as well as the statistically derived 
mean and ± 2 and 3 standard deviations (“sigma”) around the mean, calculated from recent 
historical QC results.  ALS applies advanced trend monitoring algorithms to identify outliers and 
non-random data distributions (trends) that may indicate undesirable changes in test method 
performance.  The trend monitoring process has been automated within our LIMS.  Upon data entry, 
each QC result is checked against programmed limits and trends.  If a trend is identified, a 
notification is e-mailed to the analyst and their supervisor, so that it can be investigated and 
corrected.  

Continuous Improvement 
ALS is committed to continuously improving its processes and services. The Quality System feeds 
into a continuous cycle of review, implementation, and monitoring so that improvements are 
actively sought and adopted where needed. 
 

Data Validation 
ALS analytical data proceeds through several reviews prior to the release of final reports. The ALS 
data validation process includes test result validation, inter-parameter validation and report 
validation. Test result validation involves an independent peer review of raw and calculated test 
results. Inter-parameter validation occurs when all department specific parameters for a sample are 
completed, and involves an overall review of test results within each sample for consistency among 
any related test parameters.  Report validation occurs when all the requested test results for a work 
order are completed, and involves a review of the final report before it is sent to the customer. 

ALS maintains laboratory records in a traceable manner for five years. 

Method Validation 
Customers rely on ALS to select test methods that are appropriate to meet their needs. Wherever 
possible, ALS references the latest versions of published standard methods developed by 
organizations such as American Public Health Association, United States Environmental Protection 
Agency, NIOSH, Environment Canada, and other international, regional or regulatory organizations, 
or equipment manufacturers.  

Method validations are conducted to confirm that our test methods are fit for their intended use. 
The validations are as extensive as necessary to meet the needs of the given application. The extent 
depends on the source of the method. Test methods are revalidated periodically to ensure 
continued suitability and fitness for purpose. 
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Method Detection Limits and Limits of Reporting 
ALS Limits of Reporting (LORs) are established using rigorous experimental and statistical 
procedures that begin with the determination of the Method Detection Limit (MDL) at 99% 
confidence.  The MDL takes into account several factors, like long term Method Blanks, low level 
Sample Duplicates, and low level Spiked Samples.  When detected at or above the MDL, ALS test 
results are considered to be qualitatively accurate, and a parameter can be reported with 99% 
confidence as being present in the sample. 

 

MDL = (s
0
 x t

n-1
) + |MBlk| 

 

 
Where: 
- s

0
 = the standard deviation derived from the analysis of blank or low level samples, whichever gives a higher 

standard deviation, 
- t

n-1 
= the Student’s t-distribution with n-1 degrees of freedom for the one-sided 99% confidence interval. 

- |MBlk|= the absolute value of the mean method blank.  

 
ALS takes a conservative approach to detection limits.  Our goal is to minimize false positives, 
because we recognize that any false positive results can be damaging for our clients.  Where 
possible, we establish LORs at levels well-above the statistical MDL, and ideally at the LOQ

5
. This 

improves the accuracy and precision of results near the detection limit, and reduces the chance of 
false positives due to sample-specific issues. At or above the LOQ

5
, test results are considered to be 

quantitatively accurate. A reported parameter at the LOQ
5
 is considered to be within 40% of the true 

value 95% of the time. 

 
LOQ

5
 = 5s

0
 + |MBlk| 

 

 
Where: 
- s

0
 = the standard deviation used in the MDL calculation, 

- |MBlk| = the absolute value of the mean method blank.  

 
The D. L. column on ALS analytical reports contains the LOR. The LOR may be the MDL as calculated 
above, or a higher value. ALS does not report LORs that are less than the calculated MDL.  

Measurement Uncertainty (MU) 
ALS procedures for calculating measurement uncertainty are based on accepted practices of 
identifying components contributing to uncertainty, compiling data that represents or includes 
these components, evaluating the data using appropriate statistical calculations, and reporting in a 
manner that prevents misunderstanding of the result. The Type A method of calculating 
measurement uncertainty is followed, however additional factors are considered to ensure the best 
and most complete information is derived from our evaluation of test method performance.  
 
The ALS model describes the dependency of uncertainty on three factors. The first is a constant 
contribution to uncertainty attributable to s

0
, the standard deviation of the method for 

concentrations that approach zero. The second is a constant relative uncertainty associated with 
higher parameter concentrations. The third is a constant contribution to uncertainty attributable to 
the mean long-term method blank value where it is significant. The following is the ALS equation 
for measurement uncertainty, using an expansion factor of k=2: 
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                        Expanded 95% Uncertainty as a Function of Concentration 
 
 
 
 
 
 
Where: 
- U(c) = The expanded uncertainty at concentration c.  The range c ± U(c) represents approximately the 95% 
confidence interval (two standard deviations).   
- c = Measured concentration of parameter in the sample. 
- s

0 
= A constant contribution to standard uncertainty represented by the standard deviation at zero 

concentration, which is related to the method detection limit. 
- ΘΘΘΘ = Combined relative standard uncertainty, excluding MDL and Method Blank contributions. Theta has no 
units.  
- |MBlk

LT
| = Absolute value of the mean long-term Method Blank value, where significant (i.e. if > 1/5 s

0
). [Note 

that the Method Blank term is not expanded because it represents a constant bias, not a variance.] 

Uncertainty values obtained from this procedure must be regarded as estimates.  Primarily, this is 
because all environmental samples are different, especially with regard to matrix effects and 
heterogeneity.  It is our intent with this procedure to arrive at an estimate of a 95% confidence level 
uncertainty value that can be assumed to apply to 95% (or more) of the samples that a laboratory 
receives for a given test. It follows that for samples where undetected matrix effects or 
interferences occur, or for samples that are atypically heterogeneous, uncertainty estimates may be 
low. 
 
Another aspect of reporting MU is the reporting of test method bias. Bias occurs in a small number 
of test methods that cannot recover 100% of a parameter from a sample. In these cases ALS reports 
bias along with the MU to aid with the interpretation of the test result. 
 

Participation in Interlaboratory Proficiency Testing (PT) Programs 
ALS locations participate in an extensive variety of proficiency testing programs. Where available, 
formal programs operated by outside agencies are used. When not available, ALS utilizes less 
formal proficiency testing studies. Root cause analysis is initiated and corrective action plans are 
developed when PT program results indicate a decline in test method performance. 
 

Staff Training 
Formal training procedures are in place to ensure all staff are trained in ALS polices and analytical 
procedures prior to performing analyses.  A staff orientation program communicates ALS polices to 
newly hired staff.  Task specific training is performed, and analyst proficiency is demonstrated and 
documented before staff are authorized to work independently.  On-going analyst proficiency is 
monitored using proficiency testing programs.  Records are maintained in training logs issued to 
staff upon hiring. 
 
As well, ALS Canada promotes continuing education and learning by offering advanced courses 
covering technical and quality functions. 
 

Employee Agreements 
ALS protects its customers’ confidential information and proprietary rights.  We require all 
employees to review and sign a Code of Conduct policy that communicates the ALS confidentiality 
policy. It is ALS practice to never disclose information about a client’s analysis to a third party 
without prior consent of the client, or unless compelled to by law. If we are obligated by law to 
disclose such information, we will inform the client prior to doing so. 
 

 

U(c) =  2 * [ √ { s
0

2  + (Θc)2 } ]   +   |MBlk
LT
| 
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Our employees avoid involvement in activities that would diminish confidence in their competence, 
impartiality, judgment, or integrity by complying with the ALS Code of Conduct and Data Integrity 
Policy. 

Sample Tracking 
Procedures are in place to track samples from receipt at the lab through to final reporting.  A data 
management system (LIMS – Laboratory Information Management System) is used to generate a 
work order number for each sample submission, and a unique identification number is generated 
for each sample within the work order.  The system is then used to assign specific analyses for the 
samples, to identify methods to be used, and to assign due dates for the results.  The system is 
used to manage analytical workloads and track the status of all samples in-house.  LIMS is a secure 
system that can only be accessed using login passwords.  Controlling the level of access according 
to staff needs provides additional security. 
 
When requested by the client, legal sample protocols are implemented to ensure chain of custody 
defensibility in a court of law.  Contact the lab for legal sampling and transportation instructions if 
this service is needed. 
 

Equipment Calibration 
Measuring and testing equipment used by ALS laboratories that can have a significant effect on the 
accuracy or validity of test results is calibrated using established procedures. The procedures 
ensure traceability through an unbroken chain of calibrations or comparisons to national 
measurement standards. Where traceability of measurements to SI units is not possible and/or not 
relevant, traceability is provided by the use of certified reference materials and/or consensus 
standards. 

Management Reviews (MR) 
Management conducts a review at least annually to ensure the management system is effective, and 
continues to be suitable for its operations, and to identify necessary changes or improvements. 
Senior management is included in the review process for all locations. 
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Quality control samples are introduced into batches of samples at critical points of sample 
handling, preparation and analysis to demonstrate the processes are performing as expected. In 
general, quality control samples are considered either Instrument QC or Method QC. 
 
 

Instrument QC: 
 
Instrument QC samples demonstrate control for the instrumental portion of a method.  Instrument 
QC requirements must be successfully met before the analysis of Method QC or samples may 
proceed.  
 
o Verification of initial calibration - criteria varies with each test. 
o 2nd source Calibration Verification Standard (CVS) – at minimum, with each initial calibration. 
o Continuing Calibration Verification (CCV) – frequency varies by test. 
o Instrument Blanks – usage and frequency varies by test. 
 
 

Method QC: 
 
Method QC samples encompass the entire method and are initiated at the earliest point of the 
method where appropriate. Refer to the QC Definitions below. One set of Method QC is included for 
each batch of up to 20 client samples.  Each set includes: 
 
o 1 Method Blank. 
o 1 Sample Duplicate. * 
o 1 Lab Control Sample. 
o 1 Reference Material or Matrix Spike. ** 
o Surrogate Compounds. 
 
∗ Duplicate analyses are not performed where sub-sampling is not possible – e.g. most tests for organics in water. 
** Spikes and Reference Materials are unavailable for Microbiology tests. 
 

Method QC must be successfully analyzed before sample results are approved.  Method QC results 
are normally reported to ALS clients with data reports.   

 

Data Quality Objectives (DQOs): 

DQOs are established for each QC sample, based on a combination of reference method objectives, 
customer requirements and historical test method performance. Where applicable, prescriptive 
elements of reference methods take precedence over internal DQOs. Current DQOs are available 
upon request.  

Detailed descriptions of how DQOs are evaluated for different types of Quality Control samples are 
described on the following pages. 
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Types of Quality Control – Definitions and Evaluation Protocols 

Method Blank (MB) - A blank sample prepared to represent the sample matrix as closely as 
possible and analyzed exactly like the calibration standards, samples, and quality control (QC) 
samples. Results of Method Blanks provide an estimate of the within batch variability of the blank 
response and an indication of bias introduced by the analytical procedure.  
 
Except in special cases (as outlined in ALS DQO summary documents) the ALS DQO for Method 
Blanks is for all results to lie below the Limit of Reporting (LOR). 
  
Laboratory Sample Duplicate (DUP) - A second portion of sample taken from the same container 
as the sub-sample used for the primary analysis, that is analyzed independently through all steps of 
the laboratory’s sampling and analytical procedures. Duplicate samples are used to assess variance 
of the total method including sampling and analysis.  
 
Duplicate precision is normally measured as Relative Percent Difference (RPD), where RPD = 
|(Result2 - Result1) / Mean| * 100.  Duplicate samples should normally agree to within the ALS 
Precision DQO for the test and parameter (expressed as RPD), or within ± 2 x the LOR (for low level 
results).  Refer to the ALS DQOs for Precision for specific limits for any given test. 
 
ALS does not establish DQOs for Field Sample Duplicates.  However, it is generally understood and 
accepted that the variability of Field Sample Duplicates is significantly more than what is observed 
with Laboratory Sample Duplicates.1 
 
Laboratory Control Sample (LCS) - A known matrix spiked with compound(s) representative of the 
target analytes.  An LCS is used to verify the accuracy of the laboratory’s performance of the test.  
 
LCS accuracy is calculated as the measured amount divided by the target concentration, and is 
normally expressed as percent recovery.  LCS recoveries should normally lie within the ALS 
Accuracy DQOs for the test and parameter.  For a low level LCS, the result should lie within ± 1 x 
the LOR of the target concentration.  Refer to the ALS Accuracy DQOs for specific limits for any 
given test. 
 
Reference Material (RM) – A material or substance, one or more of whose property values are 
sufficiently homogeneous and well established to be used for the calibration of an apparatus, the 
assessment of a measurement method, or for assigning values to materials.  An RM is similar to an 
LCS, but encompasses a representative sample matrix.  Similar to an LCS, an RM is used to verify 
the accuracy of the laboratory’s performance of the test, but including the challenges of a complex 
sample matrix.   
 
RM accuracy is calculated, expressed, and evaluated similarly to LCS accuracy.  Refer to ALS 
Accuracy DQOs for specific limits for any given test. 
 
Matrix Spike (MS) - A sample prepared by adding a known amount of a target analyte to a specified 
amount of a sample for which an independent estimate of the target analyte concentration is 
available. Spiked samples are used, for example, to determine the effect of the sample matrix on a 
method's recovery efficiency.  
 
Matrix Spike results are calculated and expressed as percent recovery, by dividing the measured 
result (minus any analyte contribution from the unspiked sample) by the target analyte 
concentration.  Matrix Spike results should normally lie within the ALS Accuracy DQOs for Matrix 

                                                        

1 Depending on the type of Field Sample Duplicates being evaluated (e.g. Co-located versus Split Sample Duplicates), ALS 

recommends DQOs for Field Sample Duplicates that are between 1.5 – 2.0 times higher than our Laboratory Sample 
Duplicate DQOs.  Co-located Sample Duplicates generally require higher DQOs than Split Sample Duplicates. 
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Spikes.  Matrix Spike results cannot be calculated or reported in cases where the background 
concentration of the test parameter in the sample is too high relative to the spike level. 
 
Surrogate Compounds (SURR) – Surrogate Compounds are added to every sample where 
applicable (organics tests only).  They are substances with properties that mimic the analyte of 
interest, and which are unlikely to be found in environmental samples.  They are added at known 
concentration to samples to establish that the analytical method has been properly performed.  
 
Surrogate results are calculated and expressed as percent recovery, by dividing the measured result 
against the expected target concentration.  Refer to ALS Accuracy DQOs for specific limits for any 
given test. 
 

Automated Relational Checks 

In addition to all our standard Quality Control checks, ALS also employs dozens of “Relational 
Checks”, which are programmed into our Laboratory Information Systems (LIMS) to automatically 
highlight any situations where the expected relationships between different test parameters are 
violated, which can often point to errors.  Such errors may originate with field sampling, or from 
laboratory processes, but should always be identified and pro-actively investigated.   

Total versus Dissolved Metals (“D > T” Check) – One of the most important and common 
relational checks we do is a check for situations where Dissolved Metal concentrations significantly 
exceed Total Metal concentrations.  By definition, this situation should not occur.  However, there 
are a few reasons why this can occur: 

i) Circumstances where Dissolved Metals slightly exceed Total Metals are expected in a small 
percentage of samples, simply due to normal random variability.  In fact, when all metals in a 
test sample exist in the dissolved form, we expect that Dissolved Metals measurements will 
numerically exceed Total Metals measurements exactly half the time (by a small margin), 
simply due to random chance. 

ii) Samples to be analyzed for Dissolved Metals must be filtered, which is normally done in the 
field.  Filtration processes are a common source of low level metals contaminants.  
Contamination of a sample during filtration is the most common source of significant D > T 
issues. 

iii) Field samples for Dissolved and Total Metals are normally collected independently, so 
variability of the sampling process is another common cause of D > T issues. 

If none of the above causes can explain a situation where Dissolved Metals exceed Total Metals, 
then another type of error may be indicated, either with the collection of the sample in the field, or 
with sample containers or preservatives, or with the laboratory testing process. 

ALS automatically highlights and investigates all circumstances where a Dissolved Metal 
result exceeds the Total Metal result by 20% RPD or more, but only if the absolute difference 
between the two results is greater than the sum of the Limits of Reporting (Detection Limits) 
of the two results.  

The mechanism of this relational check is derived from the ALS Duplicate DQOs for Metals in Water.   

All D > T relational checks that violate the rule above are flagged internally, and are investigated by 
ALS before sample results will be released to our clients.  In most cases, results will be re-analyzed 
to confirm or correct the anomalous relationship.  If results are confirmed by re-analysis, the 
following data qualifier is applied: 

DTC:  Dissolved concentration exceeds total.  Results were confirmed by re-analysis. 
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Other Important Relational Checks Conducted by ALS 

ALS employs dozens of other relational checks to highlight anomalous relationships between test 
parameters.  Some of more common checks include the following: 

• Total Ammonia should not exceed Total Kjeldahl Nitrogen 

• Weak Acid Dissociable Cyanide should not exceed Total Cyanide 

• E. coli should not exceed Fecal Coliforms 

• Nitrate + Nitrite should not exceed Total Nitrogen 

• Hexavalent Chromium should not exceed Total Chromium 

• True Colour should not exceed Apparent Colour 

• Mineral Oil and Grease should not exceed Total Oil and Grease 

• Reactive Phosphorus should not exceed Total Phosphorus 
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Test Matrix Reference Result Qualifier Units RPD Limit Analyzed 
SO4-IC-WP Water        
 Batch  R2179887         
  WG1269694-3   DUP  L997018-4       
   Sulfate  60.1 62.0  mg/L 3.1 20 21-APR-11 
  WG1269674-2   LCS         
   Sulfate   100  %  85-115 21-APR-11 
  WG1269674-1   MB         
   Sulfate   <0.50  mg/L  0.5 21-APR-11 
  WG1269674-4   MS  L997018-4       
   Sulfate   N/A MS-B %   - 21-APR-11 
  WG1269674-5   CVS         
   Sulfate   103  %  85-115 21-APR-11 
  WG1269674-6   CRM         
   Sulfate   95  %  80-120 21-APR-11 

 
 

Matrix is the 
substance 
type of the 
QC sample.  
 
Common 
matrices are 
water, soil, 
and tissue. 

The Reference column contains: 
 
a) Lab sample number (L#) or work 
group number (WG#) of samples that 
were used for duplicates or matrix 
spikes - this information is for 
internal tracking purposes. 
 
b) Test results for actual samples that 
were duplicated for QC purposes. 

Result from 
analyzing the QC 
sample. 
 
% Recovery is 
calculated for QC 
samples with 
known target 
values (e.g. Spikes 
or CRMs). 
 
Actual (absolute) 
test results are 
reported for the 
second aliquot of 
a duplicate pair 
and method 
blanks. 

The calculated Relative % 
Difference between duplicate pairs. 
 
RPD is calculated as follows: 
|{(Sample Result - Duplicate 
Result) / [Mean]}| x 100 
   

 
Duplicate pairs with test results that 
are < 5 x LOR are reported in 
sample concentration units 
(absolute units) and are 
accompanied by a J qualifier. 

The Control Limit for the QC sample 
(ALS Data Quality Objective (DQO)). 
 
QC samples must fall within Control 
Limits or appropriate action is taken, 
such as reanalysis where possible, or 
the data is qualified. 
 
QC samples with known target 
values have a range for % recovery 
(eg) 85-115%. 
 
Duplicates have a ± RPD range (e.g. ± 
20 RPD). The RPD is reported as an 
absolute value (e.g. 20 RPD). 
 
Method Blank control limit is the 
parameter Detection Limit (DL), also 
known as the Limit of Reporting 
(LOR). 

A Qualifier is used to 
communicate 
important information 
about the QC sample 
test results.  
 
Sample parameter 
qualifiers used in the 
report are defined near 
the end of the Quality 
Control Report. 
 
Also refer to the 
Sample Parameter 
Qualifier Definitions on 
the next page. 

Units of the QC 
sample test results. 
 
Test results are 
reported in % 
recovery for samples 
with known target 
values. 
 
Actual (absolute) 
concentration units 
are used for 
reporting duplicate 
sample and Method 
Blank test results. 

 

Test Code:  
Sulfate (SO4), 
analyzed by Ion 
Chromatography 

(IC), in ALS 
Winnipeg (WP). 

DUP: Laboratory Sample 
Duplicate - a second portion 
of sample taken from the 
same container as the sub-
sample used for the primary 
analysis. Assesses variance of 
the total method including lab 
sub-sampling and analysis. 
 
The results for this duplicate 
pair are 60.1 and 62.0 mg/L. 
The RPD is 3.1 and the 
control limits are ± 20 RPD. 

LCS: Laboratory Control 
Sample – a known matrix 
spiked with target 
analytes. Verifies the 
accuracy of the 
performance of the test. 
 
The recovery for this LCS 
is 100%, with control 
limits of 85 to 115% 
recovery. 

MB: Method Blank – a 
blank matrix taken through 
the entire test method. 
Monitors variability of the 
blank response and bias of 
the test method. 
 
The result for this MB is 
less than 0.50 mg/L. The 
control limit for the MB is 
equal to the LOR. 

MS: Matrix Spike – a known 
amount of target analytes are 
added to a client sample. 
Measures the effect of the 
sample matrix on a method’s 
recovery efficiency. 
 
In this example, the recovery of 
the MS could not be calculated. 
The qualifier explains why – 
refer to the Sample Parameter 
Qualifier Definitions. 

CRM/IRM: 
Certified or 
Internal 
Reference 
Material – a 
homogeneous 
sample whose 
analyte values 
have been well 
characterized. 
 
This CRM has a 
95% recovery and 
control limits of 
80 to 120% 
recovery. 

CVS: Calibration 
Verification 
Standard - a second 
source reference 
standard containing 
known 
concentrations of 
target analytes. 
Confirms the 
accuracy and 
stability of the 
calibration 
standards. 
 
This CVS has a 
recovery of 103% and 
control limits of 85 
to 115% recovery. 
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Legend:  

Limit ALS Control Limit (Data Quality Objectives)  
DUP Duplicate RPD Relative Percent Difference   
N/A Not Available  
LCS Laboratory Control Sample  
SRM Standard Reference Material  
MS Matrix Spike  
MSD Matrix Spike Duplicate  
ADE Average Desorption Efficiency  
MB Method Blank  
IRM Internal Reference Material  
CRM Certified Reference Material 
CCV Continuing Calibration Verification  
CVS Calibration Verification Standard  
LCSD Laboratory Control Sample Duplicate  
 
 
  
Sample Parameter Qualifier Definitions: 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Qualifier  Description  
J  Duplicate results and limits are expressed in terms of absolute difference.  

MS-B  Matrix Spike recovery could not be accurately calculated due to high analyte background in sample.  

RPD-NA  Relative Percent Difference Not Available due to result(s) being less than detection limit.  

Legend: explains acronyms that may 
be used in the QC Report. 

Qualifiers: QC sample qualifiers are listed 
and explained here. 
 
The three examples are common qualifiers. 
They explain unusual or special 
circumstances that pertain to the QC sample 
results. 
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Hold Time Exceedances:  
 

 Sample  
ALS Product Description  ID   Sampling Date   Date Processed   Rec. HT  Actual HT  Units   Qualifier  
 
Physical Tests  

Transmittance, UV (254 nm)  1   19-APR-11 14:00  25-APR-11 08:16  48   38   hours   EHTL 
 

pH    1  19-APR-11 14:00  10-MAY-11 09:32  0.25  499  hours  EHTR-FM 
 
 
 
Legend & Qualifier Definitions:  

EHTR-FM: Exceeded ALS recommended hold time prior to sample receipt. Field Measurement recommended.  
EHTR: Exceeded ALS recommended hold time prior to sample receipt.  
EHTL: Exceeded ALS recommended hold time prior to analysis. Sample was received less than 24 hours prior to expiry.  
EHT: Exceeded ALS recommended hold time prior to analysis.  
Rec. HT: ALS recommended hold time (see units).  
 
Notes*:  
Where actual sampling date is not provided to ALS, the date (& time) of receipt is used for calculation purposes.  
Where actual sampling time is not provided to ALS, the earlier of 12 noon on the sampling date or the time (& date) of receipt is used for calculation purposes. Samples for L997206 were 
received on 21-APR-11 07:30.  
 
ALS recommended hold times may vary by province. They are assigned to meet known provincial and/or federal government requirements. In the absence of regulatory hold times, ALS 
establishes recommendations based on guidelines published by the US EPA, APHA Standard Methods, or Environment Canada (where available). For more information, please contact ALS.  
 
 
The ALS Quality Control Report is provided to ALS clients upon request. ALS includes comprehensive QC checks with every analysis to ensure our high standards of quality are met. Each QC 
result has a known or expected target value, which is compared against predetermined data quality objectives to provide confidence in the accuracy of associated test results.  
 
Please note that this report may contain QC results from anonymous Sample Duplicates and Matrix Spikes that do not originate from this Work Order.  

Parameters and 
sample 
numbers that 
had Hold Time 
exceedances 
are listed in 
this table. 

Hold Times are 
tracked from 
sampling date and 
time to the date and 
time when the sample 
was processed in the 
lab. 

The recommended 
Hold Times. 
 
See the Notes* section 
for sources of 
recommendations. 

Hold time exceedance 
Qualifiers are explained in 
the Legend and Qualifiers 
Definitions section below. 

Explanations for the Qualifiers 
listed above. 
 
See also the additional Notes below. 
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B – LAKE WATER QUALITY REVIEW 

B.1 OVERVIEW 

A detailed review of lake water quality within the mine site area was undertaken to facilitate the 
development of the Core Receiving Environment Monitoring Program (CREMP) for water and 
sediment quality. As stated in Section 1.2 of the main report, the objectives of the baseline review 
were as follows: 

• Identify data quality issues 

• Determine whether or not mineral exploration and bulk sampling activities conducted since 2004 
have affected water quality in the mine site area 

• Understand the seasonal, depth (for lakes) and inter-annual variability of water quality 

• Understand natural enrichment of the mine site area waters  

• Determine the potential to pool data from multiple sample stations to increase the statistical 
power of the baseline water quality dataset 

• Develop study designs for monitoring water quality in mine site streams and lakes 

• Determine if changes to the existing water quality monitoring program are required to meet 
monitoring objectives 

The focus of this review of lake water quality is the mine site area lakes: Camp Lake, Sheardown 
Lake NW, Sheardown Lake SE and Mary Lake. 

Parameters of interest in the baseline review included water quality stressors of potential concern 
(SOPCs) identified on the basis of the existence of an established water quality guideline, as well as 
other factors such as Exposure Toxicity Modifying Factors (ETMF): pH, water hardness, dissolved 
organic carbon, etc., and indicator parameters (alkalinity, chloride, nitrate).  Baseline water quality 
data was compared to Canadian Council of Ministers of the Environment (CCME) – Canadian Water 
Quality Guidelines for the Protection of Freshwater Aquatic Life (CWQG-PAL). The focus was on 
total concentrations (versus dissolved) since CWQG-PAL guidelines are developed for total 
concentrations. The parameters of interest are displayed graphically in box plots. The box plots are 
used to portray natural ranges of selected parameters. Concentration data measured for the 
parameters of interest has been log transformed and further analyzed to investigate the possibility of 
aggregating data, bearing in mind: 

• Seasonal variability (between summer, fall and winter samples) 

• Inter-annual variability (from 2006 through 2008 and 2011 through 2013) 

To assist in the development of study designs, parameter and station-specific a priori power 
analyses were completed in order to determine the power of the proposed sampling program to 
detect statistical changes. As per the Assessment Approach and Response Framework in the 
CREMP (see Figure 2.12 in the main report), management action is triggered if the mean 
concentrations of any parameter at selected stations reach benchmark values. Benchmark values 
were developed for the identified SOPCs that consider aquatic toxicology, natural enrichment in the 
Project area, or low concentrations below MDLs (Intrinsik, 2014; see Section 2.7.3 of the main 
report).  Draft benchmarks were applied in the power analysis of the baseline presented in this 
detailed review.   
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The resultant study design for the monitoring of Project-related effects to water quality is presented 
in Section 2.7 of the main report. 

B.2 BASELINE SUMMARY 

B.2.1 Camp Lake 

A total of 51 lake samples were collected over the baseline sampling period.  Most sampling was 
completed during July and August.  Late winter sampling (May) was carried out in 2007, 2008 and 
2013.  Three stations were monitored (Figures B.1 and B.2): 

• JL0-01-S and JL0-01-D - Shallow and deep; centre and deepest part of the lake 

• JL0-02-S and JL0-02-D - Near two main tributaries likely to be influenced by the Project 

• JL0-09-S and JL0-09-D - Near the outlet of Camp Lake 

A summary of the data collected during each season are included in Table B.1.  A graphical 
representation of the sampling events is provided in Figure B.3. 

Table B.1 Camp Lake Sample Size 

Year Summer Fall Winter 

2006 2 2 0 

2007 6 6 6 

2008 6 0 2 

2011 4 0 0 

2012 0 6 0 

2013 5 6 2 

Site Summer Fall Winter 

JL0-01-S 4 3 1 

JL0-01-D 5 4 3 

JL0-02-S 3 3 1 

JL0-02-D 4 4 1 

JL0-09-S 4 3 3 

JL0-09-D 3 3 1 

NOTES: 
1. WINTER SAMPLING OCCURRED DURING APRIL AND MAY; SPRING SAMPLING OCCURRED DURING JUNE; 

SUMMER SAMPLING OCCURRED FROM JULY TO AUGUST 17; FALL SAMPLING OCCURRED FROM AUGUST 
18 THROUGH SEPTEMBER 30. 

2. LAKE SAMPLING DID NOT OCCUR DURING SPRING, DUE TO SAFETY CONCERNS OF SAMPLING OVER 
MELTING ICE. 

3. NO SAMPLING OCCURRED DURING 2009 AND 2010. 
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