
 
 
April 9, 2003 
 
Mr. Philippe di Pizzo,  
Chief Administrative Officer 
Nunavut Water Board  
P.O. Box 119, 
Gjoa Haven, Nunavut, X0B 1J0 
E-mail:  
 
 
RE: NTI Comments on Phase II ESA & HHERA reports submitted by Can 
Zinco. 
 
Dear Mr. di Pizzo: 
 
In response to your letter to Robert Carreau, and the distribution list 
dated Feb. 17, 2003, Nunavut Tunngavik Incorporated is please to 
provide it’s commentary on the two above mentioned reports. 
In order to present a factual review of these reports, NTI has 
commissioned a review of the two reports through a prominent 
environmental engineering consultant firm. Here we present a summary 
of the most salient point of the review, however, for the sake of 
completeness, we submit the reports from the consultant as well as a 
plain language version of these reports. We provide in addition an 
Inuktitut translation of the plain language report and our submission. 
 

REVIEW OF PHASE II ENVIRONMENTAL SITE ASSESSMENT (ESA) 
 
The review of the ESA found several deficiencies in the report. 
 
1) Document organization: 
 The format of the report does not follow the presentation format 

recommended by the Canadian Standards Association. This leads to 
difficulty in assessing the report. Details on the organization of the 
report are found in the review paper. 

2) In view of the fact that the 1973 B.C. Research Inc. states that “no 
soil formation has occurred in the mine area”, it is difficult to 
understand the use of CCME soil quality guidelines derived for soil 
types common to southern Canada. This may put into question the 
assessment of potential ecological & human health risk base on soil 
criteria. 
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3) Contaminants of Concern (COC): 
 Chlorinated Ethenes – Volatile Organic Compounds are identified in 

Table F as one of the Contaminants of Concern. Its source is listed 
as constituent of Xanthate. Based on the 12th edition Condensed 
Chemical Dictionary, Chlorinated Ethenes is not a constituent of 
Xanthate, so the source of these chlorinated Ethenes remains a 
mystery, yet they are given the same status as a COC as the metals.  

4) Areas of environmental concern: 
 In Table G and H, areas of environmental concern identify the 

distribution of these areas as “Localized”, “small quantities”, and 
“limited”. This brings into question whether they are overestimated 
as being “of concern” or underestimated as being “localized”. 

 
 
Given these shortcomings, the conclusions drawn from the Phase II ESA 
and the implications for the HHERA needs to be clarified. 
 
 

REVIEW OF ECOLOGICAL RISK ASSESSMENT (ERA) 
 The review of the ERA found the report to be well organized. The 
conclusions are conservative as is common for risk assessment. The 
review finds no serious fault with the conclusions of the ERA. The issues 
of concern in the review focus on: 
1) Focus on Trace element as the Contaminants of Concern raises the 

question of why other contaminants, identified in the ESA, are not 
discussed (Hydrocarbons, etc). 

2) Statistical references are mixed in the section on Surface waters, 
(arithmetic mean vs. log-normal geometric means) 

3) Receptor, exposure & hazard assessment: 
The effects of snow cover are not assessed or addressed in the 
exposure discussions. 

4) Threshold limits, Assumptions and uncertainties: 
It is clear that the details used in calculation of limits (100% bio 
availability, etc) are used to create a worst-case scenario, though 
some of these are overestimations, and are not current practice. 
(See details in report). 

5)  Chemical Interactions: 
The presence of metallothioeins requires at least some mention. 

 
The review of the Ecological Risk Assessment report concludes that, 
despite the minor concerns above, this does not affect the accuracy of 
the conclusions reached. 
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REVIEW OF HUMAN HEALTH RISK ASSESSMENT (HHRA) 
 
The review of the HHRA has identified several items that need 
clarification. However, overall, the review does not believe that the lack 
of clarity of the items detracts from the correctness of the conclusions of 
the HHERA. The issues of concern are identified in the review documents 
provided as background to this summary. 
 
 

GENERAL CONCERNS WITH THE PHASE II ESA AND HHERA  
The conclusions of the review carried out by NTI has identified several 
issues with the reports that should be clarified, however, overall these 
issue do not render the conclusions of the Phase II ESA and HHERA 
incorrect. 
However, several issues and concerns come out of the general review of 
the reports. These are summarized below: 
1) The use of the 1985 Soil Geochemical Survey data as representative 

of baseline conditions is questionable. These data are presented as 
representing conditions prior to wind blown dispersion of metals 
from dry tailings; however, the potential for other sources of metals 
(Mining activity in general, etc.) is not accounted for. 

2) The results of the Phase II ESA & HHERA in determining Soil Quality 
Remediation Objectives (SQRO) define a threshold of 12,000 mg/kg 
(ppm) Zinc as acceptable, , for a site that is to have potential Human 
Habitation (Nanisivik Town Site) as a future use. This is in contrast 
with a similar evaluation at the Polaris mine were threshold for a 
region that is expected to have little or no use in the future has 
thresholds of 10,000 mg/kg Zinc. When comparing the General Mine 
Area SQRO for Nanisivik with Polaris, the difference is greater  
(Lead mg/kg 3,500 Nanisivik vs. 2,000 Polaris; Zinc mg/kg, 39,000 
Nanisivik vs. 12,000 Polaris). These differences seem inappropriate 
considering the proposed future uses of the two sites. 
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GENERAL COMMENTS ON THE EMERGENCY RESPONSE PLAN 
 
Though no outside review of the emergency response plan was 
undertaken as part of the NTI review, some general observations have 
been made. These mostly reflect the need to update the plans contact 
information and chain of command to reflect the current and future 
manpower availability on site. 
These issues were addressed in detail in the technical meeting held in 
Iqaluit, Nunavut on March 29, 2003. 
 
These general concerns, along with the specific concerns in the review 
reports, need to be addressed by the authors of the Phase II ESA and 
HHERA reports. Nunavut Tunngavik Inc. hopes that the board will 
consider our concerns when deciding on the status of these reports. 

Sincerely 
 
 
 
 
 
Stefan B. Lopatka 
Senior Advisor, 
Environmental, Water & Marine Management 
Lands and Resources Department 
NUNAVUT TUNNGAVIK INC. 
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xwEo  9, 2003  
 
Mr. Philippe di Pizzo,  
Chief Administrative Officer  
Nunavut Water Board  
P.O. Box 119,  
Gjoa Haven, Nunavut, X0B 1J0  
E-mail:  
 
W5Jtz: kNK5 g8z=4f5 hD3N3goEpq5 gi/symJ5 ]v8 p8f4f8k5  
 
uyb ]tW5Jj5:  

   
bwfx ttCMs3bt5 bwhjz ]CS5 vEsj5, x7m bwfx s2lc3g5 =KxE !&, 
@))#, kNK5 g8z=4f5 d=xh4S5 ]b4f]iz bm4]r4i4 WMs3mt4 d]Mi s?i 
scsyE/8i4 ttC3bsymJi4. bm4fx euD/syx3ix3mb ttC3bsymJ5, kNK5 
g8z=4f5 toyymK5 wvJ3bsix3lt4 ]b4fx ttC3bst5lQ5 euD/st5lQ5l 
x?toEi3u4 cspm5yx3gk5. s?sN Nw4oQx3ymJ6 euDC4nsJ6, ryxi, 
W/]E3ym5yx3gu4 bfJmit8k5, bwfx scsy3Jxalxcb3mb ttC3bsymJ5 
bwmwgk5 bwfx xWEym/K5 gry8N3i3nsQx3lA ]x6r4yd2lQ5. wk4t]g3ymK6 
]b8N c5l]Nt]g3gzl gryN3i3nso3ymNhx3Li.  

 

bm8n cspn3bsymizb xwXz x?toEi3j5 bwml bm8N 
wMz  

]b5hm ttC3bsym]J2 grymNyx3ix3g4nsq]gZlx6.  
      

1) ]x6r4ymiz: 
bm8N ckwoziz ttC3bsym]J2 si]voxaym5li mo4hi vNbu 
bwmwyxExc3i3j5 bmgjz moZzi4. bm8N bwm wMz gryNhxExz 
xJ3Nvn4]gZlx6 ryxi b?i ttC3bsymK6 gnstoxaym5li b?i.  

  
2) bm8N cspm5lA bwhmi !(&#u cspn3icMs3ym4mb “bm8N kN 

ckwoz4ymq5nExz s/C4bEx3=symJu”, bm8N gryMEZhx3hA 
xJ3Nvn4m5 x5pQ/sMEqt5lA bm8N kNz vNbusi kNs?5gi. bm8N 
xWdt4nsN/3g6 ck6 bm8N kNz WsqoJbsN/qvlxExzi4 
xbNq4vlxExzi4 tuj5  

 
3) hD3Ngcgw8NExc3i3j5 whmQ/siq5: 
Chlorinated Ethenes – bw]m4 bm4fx bw/sJ5 wh]mlQ/s9lt4 

hD3Ngcgw8NExc3iq8i4. bwm bm8N scsyE/sMs3ymJ6 ckw]gizi4 
bmgm cspn3bsJ8N3g6, x5p]Qq5]glt4 bm4fx xtcs3mb hD3N3gw5. 
scsyE/sMs3ymJ6 mo4lA !@Qo3bzi4 bm8N ttC3bst5lA 
cspm/syxMs3ymq5g6 hNsMEQxz bm8N hD3Ngw8NExo4, ryxio 
x5pQ/stbs9li bm8N n=C/4nc]haQxzi4 cspm/s5lil 
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4) ybmz bmgjz x?tj5 wh]mlQ/sJ6;  
b?i  G x7m  H, scsyE/symJ6 bm4fx “N]i8iq8i4”, x7m 
“WbcExq8i4, “Wbclxqiq8i4”, “WbcZ]MQxzi4l”. bm8N 
Wlxo3tbsymq4vlx3m]z6whmN3hi “wh]mlbsJ6” s?]l8]i5 
“WbcExzi4”.  

 
bm8N csp5lA, bwN xg3lA cspn3bsymJ6 xwXzi4 x7m b?i 
ckw]gME4iq5 scsbsym5yxExc3g5.  
 

cspn3bsymiz xb3Ngw8NExc3izk5  
 

bm8N cspn3bsymiz NlNw3ymK6 si]voxEym/sJ6 ]x6r4ymtx3m5. 
bm8N ckwoziz bwmNnw8N3bs6 xbN3ic3m5. ryxio WlxCl4gu4 
Wbcqg6 b?i. bwmo bm8N wh]mlQ/symizk5 wm8N cspn3bsymJ6:  
 

1) bm8N euDlA hD3Ngcgw8NExc3iz xyq5 bm4fx hj5 b?i 
scsbsymq5nExq5 hDDbsJ8N3uJ5 ]h3l mfx ]s4]gtQlQ5 wm5g5 
(Hydrocarbons, etc).  
 
2) bm4fx csp/symJ5 wm3j5 sxDtcb3g5, wmwg5, (arithmetic mean vs. 
log-normal geometric means)  
 
3) xb3Ngw8NExc3g5 ckwggw8Nw5:  
bm8N xS5 cspn3bsymqg6 hNbc3m]z5 x5b3Nsbsgw8NExo4i4.  

 
4) ckw]giq5 Wbc3isJ5, whmQ/sJ5l cspm/sq5g5l:  
 NlNqthi bm8N vt3h3bsymJ6 mo4lA Gbm4r3li ckwozizH  
bm8N Wsqogw8NExc3iz, szbsymlx3ht4l, ]m8N bm4fxxg3bsqg5. 
GbflA si]voxE/symJ6 bmgjzH.  

  
5) ckwg3bc3iz: 
 bm4fxl xyq5 hD3N3g5 wmw5g5 scsyE/sym/Exc3uJ5  

 
bm8N cspn3bsymiz xb3Ngw8NExc3i3j5 si]voxaymJ6  
 

wm8Nwoz4m5, sfx d]Mi5g5 xb3Ngw8NEx]o5, hiDbs]/q7mb bmgjz. 
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2 cspn3bsymiz tuj5 xb3Ngw8NExc3izk5  (HHRA)  
 

bm8N cspn3bsymiz NlNw3yym4m5 bm8N ho cspQx3bsyxExo4. 
ryxil, bm4r3lA bm8N, cspn3bsymiz ck6 scsyE/s5yxymq7m5 
who=sJ8N3iz ckw]g/Exzi4. bm4fx b?i cspn3bsymJ5 bmgjz 
sKz wMsQ5lt4 si]v3bs5yx3ym5ht4.  

 

wh]mlQ/sJ5 bmgjz xwXEo3bzk5 cspn3bsymizk5  

cspn3bsymiz bmgjz mo4lA kNK5 g8z=4f8k5 NlNw3ym4m5, ryxil, 
bm4r3lQ5 ]b4fx cspn3bsymiq5 xwXEo3bzi bm3ymic3mb bmgjz. 
ryxil, wh]mlQ/sJ5 bm4fx bmgjz gnsyxaymJj5. sfx b? 
ckwos3ymiq5 s?i x]bi:   

  
  
1)  bwfx xg3bst5lQ5 !(*%u kNj5 w7jxk5 cspnsbsifw5 ho 

cspm/syxq7mb bm8N xkEcb3i6 W5JtQ5lA n=4n/i4 b]mz5 
t4bsC3gccb3t5lA bm4fNz wQ5y=scb3gi4 Xi3gi4; ryxil bm8N 
ckwcb3iz Gs/C4bEx=sJuH ho cspm/sq7m5.  

2) bm8N ckw]giz xwXEo3bzi4 cspn3bsymif w5Jzb ckw]gizk5 
n=4nc3izk5l, bm4fx wkccb3ifw5 tuj5 G]h3l Niy=4uH yKi4nj5 
xgwicD8N3izk5. bm8Nbs6 cspn3bsym5li bwvi XoxE{ 
s/C4bEx3=xi bm8N xg3bsicixD8Nw3g6 NlNq5hi yKi4nu 
n=C/o4. bm8N euDlA s/C4bEs3=scb3ymJ6 Ni=4u XoxE{ul, 
x5p]Qq8ic3m5 Gn=C/4nz 3,500 Niy=4u WoxC{l, xqi3nsli bm8N 
#,%)) Niy=4 @,))) s9li XoxE{u; n=C/4nc3izl #(,)))a5li 
Niy=4u !@,)))a5li XoxC{uH bm4fx x5p]Qq8iE/q5 
]x6ryx3ymqt5lQ5 bm8N ck6 xg3bsJ8NC/3iz ]b4fx m]D]J4 
ei3=scb3ym]J4. 
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cspm/sJ4n5 gs=3Ngco3t5lA b?nw8N6 ckwosExc3i3j5 
X3Nw3/3bsymJ6  

 
bm8N cspQx3bsymq4vlx3t5lA gx=3N3g]fExco3i3t5lA 
cspn3bs/Exc3iE/z kNK5 g8z=4f8k5, bm4fx wMq5 b?i 
w4WQ/s5yxExc3mb. bm4fx vg]C4ymcb3ix3i3j5 X3Nw3bsymJ5 bmgjz 
most5yxExc3mb ck6 w4WNicC/3m]zb nN=syv8i3iDt4 wkcl3lt4 
xgw8Nso3i3X5. bm4fx scsyE/sMs3g5 vtmic3t5lQ5 wcl4i, kNK5 ]mp 
@(, @))#.  
 
bm4fx wh]mlQ/sJ5, ]b4fxl gnsyxaymo3g5 cspnwi3j5, yKi4nu ho 
vmQ/s/Excix3mb si]vos3g=i3k5 xwXEo3bzi. kNK5 g8z=4f5 
iEs4S5 ]b4fx whmQ/s5yxd2lQ5 vtmpk5 ]b4fx si]voxaymJ5 bmgjz 
ckwos3ymiq8i4.  

sN ttC3g6,  
 
 

yb]?8 l2bv  
d5yi4nj5 cspmpQ/6  
x?toEi3j5, wm3j5 wm3usbs5l xsMbsiq8k5 

    kNoEp4fq8k5  
  kNK5 g8z=4f5  

 
 



PLAIN LANGUAGE VERSION 
 

 A REVIEW OF THE PHASE II ENVIRONMENTAL SITE ASSESSMENT AND THE HUMAN 
HEALTH & ECOLOGICAL RISK ASSESSMENT OF THE NANISIVIK MINE 

 
1.0 INTRODUCTION 

 
Almost all routine human activities in today’s world can be shown to create unnatural 
substances or enhance the presence of naturally occurring substances to the point where they 
become a threat to human and environmental health.  These natural and unnatural substances 
are then called “contaminants.”  Some routine human activities, such as driving a snowmobile or 
truck, produce such small amounts of contaminants that human and environmental health is not 
a major concern.  Other human activities, especially those large-scale activities such as mining, 
produce many more contaminants.  When a mine shuts down after several years of operation, 
the question is usually asked as to whether the total amount of contamination released over the 
period of mine operation was large enough to cause problems of human health or adverse 
ecological effects, or both. 
 
To determine the answer to this question for Nanisivik, three different studies were conducted.   
These studies included the land occupied by the Nanisivik Mine area, the town of Nanisivik and 
the associated facilities, such as the dock area.  The first study identifies and quantifies the 
contaminants present and determines their pervasiveness.  This study (called a Phase II 
Environmental Site Assessment) reviews historical data and collected new data at the site.  
Once the ESA is completed, two additional studies were conducted to determine if the 
contaminants found in the Nanisivik area pose a threat to humans living in the area and to the 
animal and plant life of the area.  These studies are called the Human Health Risk Assessment 
(HHRA) and Ecological Risk Assessment (ERA), respectively, and were combined in a single 
document identified as the Human Health and Ecological Risk Assessment (HHERA).   
 
  
2.0 REVIEW OF THE PHASE II ENVIRONMENTAL SITE ASSESSMENT 
 
The purpose of the Phase II Environmental Site Assessment  (ESA) was to identify and 
delineate the surface area, depth and severity of environmental contamination related to mine 
activities.  The ESA was to also include an evaluation of the chemical data in relation to federal 
regulatory guidelines for environmental quality.  A review of the ESA found several problems 
with the document. 
 
The first problem was the way in which the document was organized and the manner in which 
the information and data collected was presented. 
 
The main sections of the ESA were: 
 

1. Introduction 
1.1 Project Objectives 
1.2 Background on Closure and Reclamation Plan 
1.3 Overview of Nanisivik Mine, Town and Related Facilities 
1.4 Regulatory Setting/Framework 
1.5 Scope of Work 

2. Pre-mining Environmental Setting 
2.1 Climate 
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2.2 Permafrost 
2.3 Geology 
2.4 Topography 
2.5 Hydrology 
2.6 Vegetation 
2.7 Soil 
2.8 Mammals 
2.9 Birds 

3. Environmental Site Assessment Setting 
3.1 Marine Sediments 
3.2 Air Quality / Dust Monitoring 
3.3 Surface Water Quality 
3.4 Acid-Rock Drainage Testing 
3.5 Possible Contaminants of Potential Concern 

4. Site Development and Operations 
4.1 Description of Facilities and Mining Activities 
4.2 Development Sequence 

5. Phase II Environmental Site Assessment 
5.1 Methodology 
5.2 Observations 
5.3 Results 

6. Contaminants and Areas of Environmental Concern 
6.1 Contaminants of Environmental Concern 
6.2 Areas of Environmental Concern 

 
By contrast, the form of presentation recommended by the Canadian Standards Association 
(CSA) is indicated as follows: 
 

• Introduction (this would include sections 1.1, 1.2 of the ESA) 
• Background (this would include all information and data collected prior to the start of the 

Phase II ESA in July, 2002, such as found in sections 1.3, 1.4, 2.1 to 2.9, 3.1 to 3.4, 4.1 
and 4.2) 

• Site Investigation Methodology (this would include sections 1.5 and 5.1)  
• Findings (this would include all information collected specifically for the ESA in July 2002 

such as found in sections 5.2 and 5.3) 
• Evaluation of Findings (this would include information from sections 3.5, 5.3, 6.1, and 6.2 

and be a synthesis of information during July 2002 with those data previously collected. 
• Conclusions (this section does not exist in the ESA as currently presented) 
• Qualifications of Assessor (this section does not exist in the ESA as currently presented) 
• References and supporting documentation 
• Appendices 

 
 
Another problem with the ESA was that the ESA described the surface materials in the Nanisivik 
area as “soil” and then cited a report by B.C. Research that soil formation did not occur in the 
Nanisivik area.  If “soil formation” does not occur, should the surface material at Nanisivik be 
called soil?  Several definitions of the word “soil” were examined from soil science textbooks 
and a federal government soil science glossary.  The surface material at Nanisivik did not meet 
the strict definitions of soil that were provided by the references.   
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This raised another question.  The environmental quality guidelines used to judge whether or 
not contamination was present in surface material at Nanisivik were based on “soil” as 
described in the soil science textbooks and by the federal department of agriculture (that is, 
soils such as those found in southern Canada).  The intended future land use of the mine was 
identified as “Arctic wild land.”  However, there are no guidelines for the contamination of Arctic 
wild lands.  Thus, the guideline for soils in parkland/residential areas in southern Canada was 
used to judge the amount of contamination in surface material in the high Arctic at Nanisivik.  
The review of the ESA concluded that this was not a reasonable approach for the determination 
of “contamination” at Nanisivik.   
 
The ESA identified several contaminants of concern that were supposedly associated with the 
mining activity that had taken place over previous 25 years.  These were grouped into 
categories identified as: 
 

• Volatile Petroleum Hydrocarbons 
• Extractable Petroleum Hydrocarbons (including the specific hydrocarbon Naphthalene) 
• Chlorinated Ethenes; and  
• Trace Elements (specifically cadmium, copper, zinc and lead). 

 
A reason for the identification of chlorinated ethenes as a contaminant of concern was not 
provided in the text of the ESA.  In fact, no reference to chlorinated ethenes could be found 
anywhere in the text.  In addition, laboratory analytical reports for these compounds could not 
be found.  The source of the chlorinated ethenes was stated to be xanthate.  However, this 
could not be verified in a chemical dictionary or other sources of chemical information.   Thus, 
there does not appear to be any supporting evidence for the identification of chlorinated ethenes 
as contaminants of concern. 
 
While specific areas of the town of Nanisivik were determined to be contaminated with 
petroleum hydrocarbons, almost all of these areas were restricted to the surface material 
beneath aboveground diesel or heating oil storage tanks.  This contamination was often 
characterized as “localized.”  The presence of metallic trace elements was also determined, in 
many cases, to be “localized” or present in small amounts. 
 
Although explicit conclusions as to the nature of the overall contamination at the mine, in the 
town and at the dock area were not provided in the ESA, it was implied that environmental 
contamination which had occurred as a result of mining activities had not been extensive or 
severe.  The corresponded with the conclusion of a 1992 report concerning trace element 
contamination at Nanisivik in which the “scale” of contamination was characterized as “minor.” 
 
3.0 REVIEW OF THE HUMAN HEALTH RISK ASSESSMENT 
 
A Human Health and Ecology Risk Assessment (HHERA) was prepared to predict if exposures 
to surface soil contamination found at the Nanisivik Mine may lead to harmful health effects on 
people or the environment.  AMEC Earth & Environmental Limited (AMEC) was asked to review 
the HHERA determine if the HHERA adequately identifies the health risks.  The human health 
component of the HHERA is a scientific tool that is intended to evaluate health risks objectively.  
HHERAs are regularly used by various government agencies for numerous applications 
including food and drug testing and contaminated site remediation.  The current HHERA was 
designed to evaluate the risks associated with current and future exposures, not historical 
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exposures.  The risks were primarily evaluated by comparison of the surface soil concentrations 
of the contaminants of concern with the calculated Soil Quality Remediation Objectives. 
 
The HHERA evaluates the risk of the former mine by looking at three study areas based on 
future uses of the land i.e., Town Area, Dock Area, and General Mine Area.  The HHERA 
indicates that the future land use may involve the ongoing use of the dock area as a storage 
facility for marine environmental response equipment and refuelling, use of area as a regional 
training centre for equipment operation, trades, and jobs and use of area as a military training 
base.  As for the town facilities, there are two possibilities:  demolition of all facilities within the 
town or transfer ownership of the town facilities to other organizations for ongoing use. 
 
Since the data used in the HHERA came from a number of previous reports, it is important to 
cross check the data between those presented in the reports and those used in the HHERA.  
JWEL checked only 20% of the data.  However, AMEC would recommend that 100% of the data 
be cross checked in order to ensure that the results are complete.   
 
In the review of the HHERA, AMEC identified several items that needed clarification.  They 
included the following: 
 

• Explanation of the statistics used; 
 

• Description of how the HHERA deals with concentrations that were less than the ability 
of the laboratory to measure; 

 
• Explanation why arsenic was not included in the assessment; 

 
• Explanation why lead and zinc were not evaluated from an inhalation perspective for the 

toddler; 
 

• Explanation for a lower rate of eating soil in a toddler than recommended by CCME; 
 

• Explanation of how chemical concentrations were calculated in wild game and 
subsequently determining the chemical intake in people; 

 
• Explanation of why an inhalation exposure limit was not available for cadmium; 

 
• Provide an example of the calculations done in the HHERA to ensure that the right 

values were substituted in the equations; 
 

• Explanation of why the cancer assessment focused on a composite person (i.e., adding 
up intakes from each life stage), rather than an adult as recommended by the regulatory 
agencies; 

 
The primary criticism of the HHERA was the use of data from other regions of Canada to 
support the HHERA when conditions in the high arctic may be completely different. 
 
Based on the review of the HHERA, AMEC is of the opinion that the assessment adequately 
addresses the potential risks to human receptors at the Nanisivik Mine.  The issues identified 
above, once addressed, are not considered significant to the point that the HHERA would be 
considered wrong. 
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4.0 REVIEW OF THE ECOLOGICAL RISK ASSESSMENT 
 
An ecological risk assessment is an attempt to establish the threat posed by specific levels of 
contamination to the animals and plants in a specific area.  It has been known for several 
decades that animals and plants living in areas of contaminated soil tend to have these same 
contaminants in their tissues to various degrees due to exposure to the contaminated soils.  In 
animals, this exposure to contaminated soils may be directly though inadvertent ingestion of 
soils with their food or from other portions of the environment that have become contaminated 
due to the migration of the soil contaminants.  For example, surface water could be 
contaminated as a result of snowmelt runoff coming in contact with the soil.  Plants growing on 
the contaminated soil could also become contaminated and pass the contaminants along to 
animals that eat plants.  The contamination of animals that eat plants could ultimately result in 
the contamination of animals that eat other animals.   
 
An ecological risk assessment (ERA) examines all the possible ways that the contaminants in 
soil can be transferred to other portions of the ecosystem and to organisms in that ecosystem.  
An ERA also examines the organisms that have the greatest value to the ecosystem or for other 
reasons are of special importance.  These organisms are called “valued ecosystem 
components” or VECs.  Depending on their relative importance and their life cycle 
characteristics that bring them in contact with the contaminated soil or with other organisms 
potentially contaminated by contact with the contaminated soil, specific organisms are selected 
to represent all animal or plant species at the site where the ERA is conducted.  Individual 
animal species are chosen to represent all other animals at a given food level in the ecosystem 
(i.e. plant eating animals and animals which eat other animals).  The chose is usually based on 
the economic-social attributes of the animal as well as their species-specific habits that result in 
the greatest exposure of the animal to the contaminates in the soil.  The assumption behind this 
is that if the level of contaminant in the soil does not endanger the selected animal, then other 
animals receiving less exposure will, likewise, be protected from adverse effects of the soil 
contaminants.   
 
Once selected for the ERA, an animal species is intensively examined for its species-specific 
characteristics.  Information concerning body weight, food habits, amount of food ingested per 
unit of body weight, water consumption, amount of air passed through lungs as well as any 
other characteristics that would potentially influence the amount of contaminated soil coming in 
contact with the animal is identified and documented.  The information collected for plant 
species is generally related to the ability to absorb the contaminants that have been identified as 
of being of concern. 
 
The ability of the contaminants to leave the soil environment and be transferred to other parts of 
the environment must also be investigated.  This requires the examination of the physical-
chemical characteristics of the specific contaminants of concern as well as their environmental 
fate and toxicology. 
 
Once all this information is compiled, estimates are made of the amount of contaminant 
absorbed by the VECs.  The fate and toxicology information previously compiled for the specific 
contaminant of concern is then used to interpret the effect on the organism of the amount of 
contaminant absorbed.  These effects could range from no effect to the death of the animal or 
plant over either a short or long time span. 
 
Jacques Whitford Environmental Limited, Fredericton, New Brunswick conducted the Nanisivik 
mine ERA.  The ERA was well organized and presented issues associated with the potential for 
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trace element concentrations to cause problems in the area wildlife in a format that was easy to 
follow.  There was no mention of the hydrocarbon contamination identified in the Phase II ESA, 
and it was assumed that the hydrocarbons did not constitute a threat to wildlife.  As with the 
ESA, the authors of the ERA referred to the surface material at Nanisivik as “soil.”  This 
terminology should probably have been examined in light of the statement in the ESA that no 
soil formation occurred at Nanisivik.  However, this in a minor matter as the main focus of the 
ERA document was an attempt to quantify the amount of trace elements that passed from the 
soil directly to plants, from the plants to the animals   
 
Generally, the ERA satisfied the standard protocols for this type of investigation and came to the 
conclusion that there is little or no potential for adverse effects on the Nanisivik ecosystem from 
the trace elements in the area due to naturally occurring concentrations or the higher 
concentrations present as the result of mining activity.  The individual criticisms of this ERA are 
concerned with relatively small details and assumptions of the assessment and do not alter the 
general conclusions.  These individual criticisms, other than typographical errors, concerned: 
 

• The use of an arithmetic mean for calculating the exposure point concentrations instead 
of using the 95% upper confidence limit of the geometric mean of the log transformed 
data; 

 
• The absence of a pathway in the conceptual model of contaminant movement involving 

a connection between contaminated surface material and surface water via surface 
runoff water; 

 
• The absence of a pathway whereby the tailing pond releases contaminants to the marine 

environment via the creek; 
 

• The effect of snow cover and frozen surface material on the transfer of contaminants to 
the lemming for eight months of the year; 

 
• The very conservative assumption of 100% bioavailability of the ingested trace 

elements; and 
 

• The lack of a discussion of metallothioeins in mammals as a counteractive and migrating 
issue in trace element uptake, metabolism and toxicity.  Metallothioeins are proteins 
produced primarily by the liver for the purpose of combining with excessive amounts of 
trace elements entering the body, thus preventing cellular damage that would otherwise 
result from the presence of the trace elements. 
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euD/six ea9o3u II cspn6bsJJ5 x?lzb ckwo3izk5 x7ml w]ky3j5 
]x8ix3N6gc6bwod9lA WD6gk5 ]smJk9l x5b3N6gc6bwod9lA Niy=1u 
 
!.) WQxzMsDyx 
 
bmwbo]mvn4 wko]mk5 WoExE/sJ5 kNu s9lu kNs2 miCzk5 
xy0]pJbs]ha1mb kNu em4bsJ=i3i4 Wbco]ha1m5 b]m]i4v/q5]gZlxi4 wMq5 
Wlx6Xb czgw8N6 w]ky3j5 x5b3NoDbsA8N6g5 x?l5bl W6fygczk5 
xy0]pJbsJ8N6Lt4 ]x8ix3N6gcgw8NExc3iq9l wh]mlQ/s]ha9lt4. ]b4fx 
kNu5 ]W6bsJ5 s}?l kNj5 wo/sJ5 nN6ft=]i5 "hDJwA8N3mb". bwmzk5 
wk1k5 mfx imDbs]h5 cjbs/w5 kN4]f]J9l, urJ7mE1i4 hDJ3N6gi4 kNj5 
wos6vw]ha1mb bw]m4 x5b3Nq8iC6bs]h5 w]ky3j5 WD6gk9l ]smJk9l 
wh]mlQ/s]haq5g5. ryxio xyq5 wk1k5 kNu WoEx5, xqJv9Mu4 w7mc 
s/C1ix6gi4, hDJ1N6gi4 nN6fti4 xqi6ni4 xgDbsc5b3mb. czgw8N6 
s/C1ix3=4 mg]Zz5 xuhi4 srsi4 WoE}=sMs6Li, xW6fbso]h6 kNj5 
nN6ftDJw5 vbZ3ifw5 vt9lQ5 y=gJu4 vbZ6bsifw5 kNu xq[o?9ox]ha1mb 
x5b3NDbsoExq5 xW6fbso]ha1mb tuj5 ]x8ixco3N6gu4 Wbcq4vlx3m]zb 
b]mi3usk5 kNzil ]smJk5 WD6gk5, bmw8ko]m3l. 
 
grosChx6LA ck6 xW6fbsymJ6 rsZhxEx6 Niy=1u s/C4b3ix3==i3j5, 
Wzhw6h6Lt4 x?lzi4 cspn6ymo3mb. cspnDbs9lt4 whmosDbsMs6g5 
Niy=4u s/C4b3ix3=os3==i6, kNozl b]m]i5g9l nN]=5, mfx gM4b3]=5. 
yK9o6]Xu4 cspnDbst9lA NlNw/wMs3mb cktQ x4tQ1m]zb hDJwJ8N6g5 
b]mi x7ml cktQ x5b3N3ic3m]zb. ]m8No cspnDbsJ5 Graizi II x?lxi4 
cspnDbsJ5H eu3DMs6g5 bwhmzii5 vt6h6bsymJi4 x7ml k]bi4 
vt6hw9lt4 ]Nn6bsQxo1i4 b]mz5. bwm x?lzi4 cspnD]t5 Wxi4bs1mb, 
raizA5 m3Dx6t4v8i6Lt4 cspnDbsoMs3uJ5 hDJ1N6g6bcExzi4 Niy=1u 
w]ky3j5 WD6gk9l ]smJk9l b]mi x5b3NoDbsA8N6gi4. ]b4fx cspnDbsJJ5 
bw/s1mb w]ky3j5 ]x8ix3N6gc6bwod9lA cspnDbsJ5 GHHRAH WD6gk9l 
]smJk9l x5b3NoDbsA8N6g5 cspn6bsJ5 GERAH, w[lxA]z6, si4]vq5 
vtbs9lt4 bw/so6g5 w]ky3j5 ]x8ix3N6gc6bwod9lA WD6gk5 ]smJk9l 
x5b3N6gc6bwod9lA cspnDbsJ5 GHHERAH. 
 
@.) ra9ozi cspnDbsJ5 x?lzk5 hDJw/5g5 
 
ra9ozi cspnDbsMs6g5 x?lzk5 hDJw/5gi4 ho Wbc3m]z5 GESAH 
NlNw/wNhx6Lt4 ckw5]gQxq8i4 x7ml s/C4b3ix3=c3izk5 hDJ4bs9lt4 
xy0p6bsJ=i3i4 nk7m6nw9lt4 h]?9osbslx]/q7mb s/C4b3ix3=1u 
]W/6bs9lt4 nN6ft=]i5. x?lzk5 cspnDbsJJ5 wlocMs6g5 nN6ft3lfi4 
hDJw/5gi4 ]Nnw9lt4 Z?mtgc4f5 moZq5 ]s4gCsbs9lt4 x?lz 
ckw5]goExzk5 whmosDbs9lt4. x?lzk5 cspnDbsJ5 si4]vz 
wk6n3icsMs3m5. 
 
yK9o6]X6 ]N7mq0JbsMs6g6 si4]v2 ]xe4h6ymiz x7ml cspn6tk5 yKizi 
vt6h6bsJ=]i5 si4vsysiq5.  
 
sfx b}? cspn6]t5 si4]vzb wloz]iMs6g5: 
 

!. WQxzMsDyx 
!.! g]C6bsJ5  
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!.@ wo6fygcq8k5 mg/so6t9lA st6tbsQx]o9l X3NwJbsymiq5 
!.# bmwb bf9lQ5 Niy=1u s/C4b3ix3=4, kNozl xyq9l nN}]=5 
!.$ moZtA5 xgx6bsQx]o5FnNmiE/sJ5 rhgw8Nk5 
 

@. s/C4b3ix3=cMs3Ni x?lzb ckwozMsDyx 
@.! yMzb 
@.@ y3uxlw5 
@.# bmgm s/C 
@.$ kNzb ]xe4h6ymix 
@.% wmzb ]fqbl 
@.^ WD6gqbl 
@.& w0Jw9l kNw5 
@.* ]smJw5 b]mi 
@.( t1ux5 
 

#. x?lzb ckwoziz cspn6bst9lA 
#.! wms2 w6vzk5 vb1i3lfw5 
#.@ yMzb ckw8izFS]Jc5b6gi4 t4bsifi4 s0p6hD]t5 
#.# miCzi ]fZMw5 wm3lw5 by3lw9l ckw8iq5 
#.$ s/C1i4 xs4y/5g5 wloq5 Njz ]f]ha1m]zb ]s4gC6bs9lt4 
#.% hDJwJ8N6gi4 f=Jcgw8NExc3izk5 wh]mlQ/sJ5 
 

$. s/C4b3ix3=1u nN/sJ5 W?9oxtbsJ9l xsMbsJ9l 
$.! si4vsysJ5 nN}=oxaymJ5 s/C4b3ix3=1u WoE]=5 
$.@ W?9oxtbsJ5 cz WQx6tbsMs3m]zb 
 

%. raizi II x?lx cspn6bsJ6 
%.! ck6 hDJc3=sJ5 cspn6bsc5b3lt4 s0p6h6bsix3m]zb 
%.@ s0p6h6bslt4 euD/sc5bEx]o5 bf/4g6bsc5bEx]o5 
%.# ckwo]?9osbs1m]zb 
 

^. hDJ4bsymJ5 x7ml x?lzk5 x4gxic6g5 wh]mlQ/sJ5 
^.! hDJw/5g5 x?lzk5 wh]mlQ/sJ5 
^.@ kNw5 x5b3N6gcoExq8i4 wh]mlQ/sJ5 
 

w[lxA]z6 bf9lQ5, cson6tk5 si4]vos6bs]h5 xgxZq5 mo4bsZlx3mzb vNbu 
ur8i6]Xu4 moZi4 xg6bst5t]p5 vg0pct]Qz8k5 GCSAH scsysJJ5 sfxaJ5:  
 

• WQxzMsDyxi4 si4]v5 Gwloq5 sfx !.!, !.@ x?lzb ckwo3izk5 
cspnD]t5 ESA wlxiH 

• ckwosMsDyq5 Gsfx wMs9lt4 gnsm/sQx]o5 vt6h6bsymJ9l 
cspn6tk5 ]Nn6bsymJ5 ckw8izk5 ]s4gCs]t5 raizi II 
x?loEJtk5 cspnD]t5 JMw, @))@, bf/sJ8N6g5 wMz !.#, !.$, @.! 
@.(_j5 #.$, x7ml $.! $.@H 

• miCzi4 cspnD]t5 ckwosDbsMs3m]zb GsfN]i5g5 !.% x7ml %.!H 
• csp/sJJ5 Gsfx wMsJ5 vt6h6bsJ=]i5 cspn6tk5 x?loEJti4 

si4]vos3ix6Lt4 JMw @))@_u bf/sJ8N6g5 wMz %.@ x7ml %.#_uH 
• cspnDbsJ=]i5 whmosDbs9lt4 gr]bDbs9lt[l Gwlox]i5g5 #.%, %.#, ^.! 

x7ml ^.@ x7ml vt6h6bsJ=]i5 ]Nn6bsJ=]i9l gros6bs9lt4 
gn6t5tJbsJJ5 JMw @))@_u scsyc3mb yKizi vt6h6bsJ=i3i4. 
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• whmosDbsJ5 gr]bDbsJ9l G]b8N si4]vzi Wbcq7m5 bw]m4 ]m8N 
x?loEJti4 cspnD]t5 ]xe4h6ymt9lAH 

• xJq8iq5 cspn6]t5 s0p6h6tsQx6 bm4fiz G]b8N5bs6 Wbcq7m5 ]m8N 
x?loEJti4 cspnD]t5 si4]vziH  

• cspmiq8k5 hoiCsbs]h5 si4]v5 won6ymiq8k5 NlNw4fbw5 
• wMQxD]t5 

 
]N7m]N6yMsq7uJ6 si4]vzi xvsq7m5 bw/sJyx NlNw/w9lt4 kNbzb 
miCzi kNgw8NsiCwMs3mb Niy=1u "w0Jcs3izi4" ra7j5 cspn6t=i3u4 
bwy9lt4 W.yu cspn6tu4 w0]Jics3iCwq7mb Niy=1u miCzi. bmgm miC 
"w0]Jicq2X5" bwm kNsiC6bsJ8N6]XV sk6gi gros6bsymJi4 eiMsC5b 
"w0Jw5" ck6 grc6tbs1m]z5 sco]mZi wonwJtil ei6Lb Z?mtgc4f5 
gros6ym/q8i4 cspn6tk5 ]s4gCsbs9lt4 xg6bsc5b6gi scsy3i4. miCz 
Niy=1u gros6bsymJi c9l]Ni kNzi4 si4]v6gi4 x0pQq7mA. 
 
bm8N kw5gcDbsoMs3u1m5 xW6fbsJ8N6gu4. x?lK5 hDJ4bs5bwod9lA 
xgxZw5 whmosDbsMs6g5 yKizi ckwMsDyzi4 w6v6gw0Jtc6Lt4 
hDJ4bsymJi4 miCzi Niy=1u "w0Jc6gi4" NlNw/w9lt4 cspn6]t5 
si4]vzi kNw5 ckw5]g]haiq8i4 Z?mtgc4f9l ie4nk5 WD6]y=s]hi kNk5 
moZoxEym/q8i4 ]s4gCstcMs3uJ5 Gc9l]N5 kNzi w0Jc3is]hk5 
xgxZq8i4 ]s4gCstcMs3mbH. s/C4b3ix3=s2 raizA5 kN xg6bsoC/6g6 
st6tbsd9lA "srs6b6gu wkwM3u kNg5." ryxio, vNbu xgxZcq7mb ck6 
hDJw/5g5 kNu4 srs6b6gu vmQ/sQxc3m]zb. bwmw8izk5 b}?, xgxZE/sJ5 
kNzb w0]Jic3izi c9l]Niig5 WD6]y]=5 kNw5 xgxZq8i4 b]mi Wbcq7m5 
xhw]M4 xgxZcoMs6g5 u8aw6y=oEJ]t5 xgxZq8i4Fw[lc3=sJ9l kNw5 
xgxZq8i4 yKizi wo6fygczk5 st6tbsQxo1i4 w6v6gw0JbsJJ5 cktQ 
hDJ4bsi]f1m]z5 whmosDbsNhx6t9lA d5t4gus5 kNzi Niy=1u.  
 
x?lzk5 cspnDbsJi NlNw6yMs6g5 hDJ4bsgw8NExo1i4 wh]mlQ/sJi4 
bwmwo6tbsiC6bsJi4 s/C4b3ix3=cMs3izk5 b]mi srsi4 @%_i4. sfx b}? 
hDJwJ8N6g5 bmsz f=ymi]fJ5 vt6h6bsMs6g5 xgi NlNw4f5t6h6bs9lt4 
w]m4: 
 

• wrnCw5g5 s3hxlDJw5 wfmosDbs]h5 
• ]W/6bsQx]o5 sxDtymJ5 s3hxlDJw5 wrnCw5g5 Gmfx ]Z]y5 miCs2 

wlx]i5g5 w4v4nst]o5H  
• bEs3j5 sxDtymJ5 w4v4ns]t5 s/C5 ]y3N6g5; x7ml 
• w5tstymJ5 n=C/4n/i4 s/C5 GWlxax6gu4 ]v5ix7c5g5, sl4n/ul, 

p14, c3/4n/]o9lH. 
 
h1m5 bm4fx s/C5 ]y3N6g5 ]Zyil wloc6g5 wh]mlQ/sQxc3m]zb 
si4]v6ymMsq7m5 b}?i x?loEJ]t5 si4]vzi. ho9lz, 
scsysymq5tx7mE1mb bm4fx bEs3j5 sxDtymJ5 w4v4ns]t5. x7ml5bs6, 
rhgw8Nw5 ckw5gi4 wlocExq8i4 ]s4gC6tk5 ]Nn6bsymJi4 Wbcq7mb. 
scsysym1mb ]Z{u4 S]Jc5b3iq5 w4v4nstu4 sxDtym}=sJi5 xanthate_u4. 
ryxio, xy5t8i5 ]s4gCsbsJ8N6gu4 WJ=i3u4 x0pQ/cMsq7m5 wloqb 
nNmiq8i4 n=C/4n5 bw/sAyE?4bq8i bwmw5gu4 Wbcq7mb w[lxA]z6 
gnsm}=QJ8N6b5t8i4. bwmw8izk5 b}?, bmguz wvJ6nDbsJ8N6gu4 
si4]vcqM6 NlNw/wJbsZ/6gu4 s/Cw ]]Z{u4 bEso1u4 sxDtymJi4 
w4v4nsti x5b3NDbsN/3m]zb hDJwZ/Exq9l bmgm x?lzk5. 
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w]M4 NlNq]gZlx6 Niy=s2 kNzi s3hxlDJ1i4 f}==symJi Wbcs3m5 
hDJ4bsymo3iz bf4nsJi, bmwbo]m3o miCzk5 hDJwym1mb ri6gk5 
s3hxl1k4 c5bs/3Jxc3=i. ]b4fx hDJ4bsymJ5 bmguz miCzi4 ryxi 
"NJ6bq8i" hDJwiC6bsJ1m5. n=C/4nc3=sJ5bs6 "NJ6bq8i" miCi 
ryxigx6 urJu4 hDJwiC6bsQ9lt4.  
 
w]Mq]M4 NlNw/5tx6ymJu4 ckwo3iq8k5 si4]v6gc6ymMsq7m5 
hDJ4bsJ=i3i4 s/C4b3ix3=1u, kNozi Niy=s2 gM4b3=zil y[/zi 
x?loEJ]t5 si4]vzi, ryxio w]m]z6 scsysMs3mb bmgm yMtzk5 
hDJ4bsJ5 x4hlxaq8iC6bs9lt4. ]b8N mo4Li bwhmi si4]vox=i3i4 
!((@_u Niy=1u cktQ n=C/4n/w5 x?lzk5 w5tt6ymiq8k5 si4]vzi 
scsysMs6ymJi4 "]s4gCsbs9lt4" hDJwJ5 "urJu4." 
 
#.) euD/s9lt4 w]ky3j5 x5b3NDbsJ8N6g5 cspn6bs0Jtq5 
 
w]ky3j5 x5b3NDbsJN6g5 x7ml WD6gk5 ]smJk9l dx6]n3N6g5 cspn6bs0Jtqb 
si4]vz GHHERAH ]xe4h6bsJ=i6 yKizi NMs5]bDbsNhx6Li kNz 
hDJ4bs4X5 cktQ Niy=1u ]smJk5 w]ky3j9l ]x8ixco3NC/3m]zb nN6ft=]i5 
wk1k5 x?lzk9l. AMEC_f5 x?loEpq5 euDtbsMs6g5 x?loEJ]t5 
si4]vzi4 HHERA NMs5]bDbsymJ5 ]N7m]N6yZlx3m]zb gryNhxd/s9lt4 
x5b3NDbsN/6gi4 ]Ny9lt4 bmw8i4 cspnDtcMsClxExq8i4. w]ky3j5 
x5b3NDbsJ8N6gi4 cspn6]t5 ]s4g6ts1mb rhgw8Nw5 b]mi Wbc6g5 cktQ 
dx6]nE/sQxc3m]zb grosd/s9lt4 yM]bi5 bsg[lA whmos6tQ/sMs6g5. 
HHERA si4]vz xg6bsc5bMs6g6 xuhk5 Z?mt4f8i ]s4gCsbs9lt4 
x0p]Qq5gk5 mfNi iek5 w]konstk9l cktQl hDJ4bsymJ5 
nl7m6n6bsQxc3m]zb. ]m8N HHERA si4]v6ym1m5 cktQ xgi 
w4W8N3icD8N3m]zb y=gJj5, xfilx6 b]mi nN6fti4 x4gxJ=i3k5, 
bwhmzii5 cspm/s?]Q6gi4 w]kyo]m3j5 ]s4gCDbymJi4 Wbcq7m5. x5b3N3iq5 
]s4gCsbsMs6g5 miC]u5g5 xg6LQ5 kNs2 w0Jzb nNmizkz5 
x5b3NoD8N3iq5 wo6fygcq8k5 st6tbsAmAt4 kNu hDJ4ymJ5. 
 
HHERA_u gr]bDbsJJ5 x5b3N6gc6gi4 s/C4b3ix3==i3u ]s4gCstc6Lt4 Wzhi4 
cspnDbsJ=i3i4 whmQ9lA yKizi rhj5 kN bm8N xg6bs4v8iD]m3m]z5  
w7m]c kNoc3=sli, gM4b3=sli, s/C4b3ix3=slil. HHERA si4]vzi 
scMs3mb xg6bs4v8iD8N3iC6Li0J4 kNw5 mfx gM4b3=c3]=5 y3lxc3=slt4 
wm3u Wi3l4gc3i6X5 gx=6gu4 X6nwpk5 X3NwJbsymJi4 s6n4n3=slil. 
xg6bs4v8iD8N3m5. bm8N won3=sli seq5gi4 nN6fti4 xsM5tpsi3u4, 
nNpsi3u4, x7ml w6vNw]/i4 x0p]Qq5gi4 x7ml xg6bs4v8iD8N3uJ6 
sNb6g4nk5 won3=sli. kNozo, m3]D1i4 ck6]gDbsMs3uJ6 hC4t6bsJ8N6g6 
s}?]l8]i5 k4t6bsJ8N6g5 xy]zq8k5 kNodtQ/so3li tudtQ/sJk5 
xg6bs4v8iD8N6g6. 
 
b8N HHERA si4]vos6bsMs3m5 xuhi4 vt6hw9lt4, hoJu4 xg3icD8N6g5  
w0Jx6bsJuN6gi4 ]Nn6bsymJi4 bwy9lt4 HHERA_u5 W/slt4. JWEL_f5 
euDMs3mb @)-_gw8Nq8i4 ]Nn6bsymJ5. ryxio, AMEC_f5 
xgo6tbsdpym1mb !))- euD/sMs6t9lQ5 ]Nn6bsymJ5 hoZlx3m]zb bw]m4 
gr]bDbsJ5 ra9o6]Xu hoJE/sJ8N3ix3mb. 
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euD/st9lQ5 HHERA, AMEC_f8k5 NiyMs3mb xuhi4 wk6n6gi4 
NlNw/6bs4v8iExo1i4. sfx wMst9lQ5: 
 

• si4]vos6bsQx]o5 ]Nn6bsymJ5 xg6bsJ5; 
• NlNw/wlt4 rhi4 HHERA  ]s4gCstcMs3m]zb b]mi hN4f]b5 wloq8i4 

cspn6]t5 ur8i6]Xu4 xgx6bsQxo1k5 ]s4gCstQc5b6bq8i4; 
• si4]v3lt4 h1m5 ]x3yi4 n=C/4ni5 ]W/6bs]h6 x4b3lf Wbc3iz 

]s4g6bsMsq7m]z5; 
• si4]v3lt4 h1m5 o5x6f5 p14c6g9l n=C/DJw5 WD6nJk5 x5b3N3ic6g5 

is6y/sJ8N3iq8k5 kbC]Mk5 b]mi3usk5 gn6bstbsQxc6g5; 
• si4]v3lt4 h1m5 b]mi kbC]M5 kNC6gc5bq8i6nsiq8k5 

x5b3NDbsq8i6nsiq8i4 xgxZq5 CCME ]s4gCstQlQ5; 
• si4]v3lt4 cktQ nN6ft3lfi4 w5tymJi4 iEc5b3i3m]zb kNCi5 

]smJw5 t1ux5 x7ml ]b8N ]s4gCstQlA ]smJ6g]hk5 w7m]c wk1k5; 
• si4]v3lt4 h1m5 is6y/sc5b6X5 n=C/DJw5 ]v5ix7c6g5 tuj5 

]x8ixcoDbsA8N6g5 cktQst9lQ5 x5b3NoDbs]ha1m]zb w]ky3j5; 
• si4]v5tx3ulA NlNw/5tx6ymJi4 ]s4gCstQMs6bq8i4 HHERA si4]vzi 

]Nn6bsymJi4 xg6bsJ=i3i4 x0pos6bs5tx6ymZlx3m]zb si4]vzi. 
• si4]v3lt4 ]s4gCsbsMs6gu4 ]v8hc6gj5 wk1j5 Gw]m4, cktQ 

is6yc5b3i]fiz cktQ S]J3=sJ]uhi xqCui w6vNw]/uilH, 
w8Nw8Ngxaq5g5 wk4 WD6nizi5 ]x8ixcoDbsJ5 cktQ 
x4gxyc5bMsExq5 hDJw/5gi4 ]s4gCstQlQ5. 

 
yK9o6]X6 s8i3l4nsbsZJ1i6]XaMs6g6 HHERA si4]vzk5 ]Nn6bsymJi4 
bwyc5bMs3mb xyq8i si4]vi kNi vNbu cspn6tk5 whmQ9lA d5t4gus5 
kNz xyq8i5 kNi5 vNbu x0pQ/sq7m5 ]b4fNi bw/sJi cspnDbsJ=i3i. 
 
HHERA_f5 si4]vzi4 cspnDbsJ=]i5 xgx6LQ5, AMEC_f5 gr]bDtcMs3mb 
]N7m]N6yJi4 w]ky3j5 x5b3NDbsN/6gi4 NMs5]bDtcMs3mb b]mi Niy=1u. 
wh]mlQ/sJ5 scsysMs6g5 rs/s5txMs3mb, x4hlxaJ8]i3iC6bsA8N6yJ5 
HHERA_f5 si4]vzi ]xe4bsymo3mb b7m6ymq8iC6bsoD8N6g5. 
 
$.) euD/st9lQ5 kNzk5 x5b3NDbsJ8N6g5 
 
kNzi x5b3NoDbsJ8N6g5 cspn6bsMs3uJ5 mfx ckwoziq5 WQxz3=zi 
whmosDtQNhx6LQ5 x5b3NDbsN/6g5 ]smJk5 WD6gk9l b]mi. 
cspm/sJgcso3mb xuhi4 srsi4 ]smJw5 WD6g9l kNi hDJ4bsJ=i3]i5g5 
tuq8]i5gco]ha1mb b]mz5 kNu5 WJi4. ]smJi, wMost/s]h5 ieq8i5 WJ5 
hDJ4ymJi4 WD6gi4 kNu5 s}?l x?lzi5 xi6tEsifw5 hDJ4ymJu4 
xyq8k5 t4bs?1mb S]J6bs?1mbl. w]mzw, miC3u wm6 hDJ4ym9li 
Njgw8N6 ]fA8N3m5 kNj5. kNCw5 b]mi WD6g5 hDJc6Lt4 WDD8N3mb 
xw5]gtJ8N6bui4 ]smJk5 iEJk5 WD6gi4 bw]m4 ]smJw5 vt6hwymo]haJ5 
xyui5 ]smJi5 WD6g6g]hi5 iec6g5. 
 
x?l5t8i ]smJk5 WD6gk9l x5b3NDbsJi4 GERAH euD]h5 si4]vz ckgw8N6 
Ns4fgw8N6 hD]JbsJ8N6g5 kNu5 xyq8k5 k4tD8N3mb kNusbk5 ]smJk5 
WD6gk9l. kNzk5 x5b3NDbsJ8N6gi4 cspn6]t5 si4]vzi cspnMs3mb 
xyuk5 x4gxic3i6]Xi4 ]smJi4 WD6gil s}?l ckgw8N6 w7u4]fzJu4 
xg3ic6gi4 b]miusk5. ]b4fx kNusbw5 bw/s]h5 "xg3ic6g5 kNusbk5 xyuk5" 
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s}?l VECs. x4hv9M4 W7mEstbsiq5 b]mi3us5 w]kJtq8k5 kNzk5 
woz0JtQ/q5 ]smJq8k9l xyuk9l WD6gk5 xw5gwJ8N3Exq5 hDJ4bsAt4, 
wMw8Nq8i4 iDx6y9lb ]s5gCstcMsC5b xyq8i4 ]smJi4 r[Z6g3ix6gi4 b]mi 
Gw]m4 WD6g]h5 ]smJ5 x7ml ieg]h5 ]smJ5H. iDx6bsMs6g5 bmi3usk5 
]rNs/4nsbs]haJ5 xyq8k9l ]smJk5 w]kJbs]h5 dW3Dw5 xg3ic6g5 i3J]t5 
]sm]Jctuk5 xw5gwA8N6g5 hDJ4ymJi4 iecDt4 kNu5. whmQ/sMs3mb cktQ 
x4tQJu4 kN hDJ4ymo6Li ]smJk5 b]mi x5b3NoDbsA8NC/3m]z5 Noxgw8N6 
x5b3NoDbsq2X5 bw]mnw8N6 xyq5 ]smJw5 ckw]/q]M5 hD]Jq5g]i5g5 bm8N 
NJ6bz kN hDJ4bsymoClx6t9lA.  
 
iDx6bsMs6t9lQ5 cspn6bsix6g5 ]smJw5 x?loEJti4 cspn6tk5 
s0p6h6bs5txoMs6g5 ]smJw5 h?9oxiE?4bq5 ]s4gCsbsc5b6Lt4 xyq8k5 
r[Z6g6tQ/slt4 wo6fyq5. seq8ix6bs?4Lt4, ieq5, cktQ iE]haiq5 
cktQ x4tQJ5, wuCJ1iq5, xi6tEiq5 xyq9l x0psq0JbsJ5 ]s4gC6bs9lt4 
hDJ4ymJu4 tuz]i5gco3m]zb ttC6bs?9oxq8N6Lt4. cspnDbsJ5 
]Nn6bs]ha1uJ5 WD6gi4 cktQ miC3u5 iEc5b3m]zb wh]mlQ/siC6bs9lt4 
scsysymJi4 kNCi4. 
 
xJq7u1mb hDJw]h5 kNugw8Nsq7mb xy]zq8k5 k4tD8N3mb t4bs9lt4 
f=/slt4 cspn6bsQxc3uJ5. bm4fx euD/sQxcC/6g5 hDJw/5g5 wloq5 
nNmiq5 x7ml x?l5t8]k6bs]Zzb ck6 wMostym1m]zb tuzi xsM0Jtk5 
ck6Ql w]kyq8k5 wcoDbsA8N3m]zb. 
 
bm4fx b}? vt6h6bs4Xb, NMs5]]bDbsA8N6yN/6g5 cktQ kNj5 x?l5t8k5 
wMostymo3m]zb kNu WD6gk5 VECs. yKiEix6b5t8i ckwoD]m3m]z5 
NMs5]bDbsA8N6yix6g5 xyuk5 hDJwJbsJ8N6X gd8N6gcoD8N6X5 
ttC6bsym]ha1mb xgi hDJw/5g5 r]hiq5 mo4LQ5 ]czA5 NlNw4f5t6bs9lt4 
bw]m4 ck6 w4W1N3ic3ix3m]z5 xyuk5 gros6bs]haJ5 s0p6h6bsQx]o5 
x5b3N3ic6g5 NlNw4f5t6h6bsymQx]o5 iE/sQxcq5g5. xgi ]smJ5 ck6 
w4WAh]haiq5 x0p]Qq7mb cktQ hDJ4bsiq5 mo4LQ5 wMq5 ckwq5tx]h5 
wMq9l gd]h5 ]smJ5 WD6g9l eMu y=gJj9]l8]i5 hDJ4ymJ]uht4. 
 
]/4 Kw5K5 x?loEpq5, KE5gE4b8, isSC{Kw4us6 Niy=1u cspn6tsMs3mb 
x?loEJti4. x?loEJtk5 si4]vz ]xe4h6ym5txMs6g6 x7ml wh]mlQ/sJi4 
scsyc5tx6Lt4 n=C/4n/DJw5 w]ky3j5 ]smJk9l x5b3NoDbsJ8N6g5 si4]vz 
gryZ3iMs6g6. ryxio scsycMsq7mb s3hxlDJ1k5 hDJ4bsJi4 ra9o3u 
x?loEJti4 si4]voxzi, bw]m4 s3hxlDJw5 miC3u WD6gk5 ]smJk9l 
x5b3NqNhQ/soJJ5 ]smJk5 x?loEJ]t5 si4]vzi wMost/symq7mb. 
bw]mnw8N6 x?loEp4f5 si4]vzi kNzk5 h]?9osbsJ5 ]s4gC6bsMsq7mb 
miCzi Niy=1u "w0]JiC6bsJ5". scsys2 ]bhm grz euD/s5txExo4 
scsysymJ5 x?loEp4f5 si4]vzi whmQ9lQ5 ttC6ym1m5 Niy=s2 kNz 
w0Jc3icsq8iC6bs1m5. ryxio, ]b8N Wbcq7m5 y]KCNlxq5g6 si4]vi 
rrbsZlx6X5 b}?i bw/sgw8NMs3m5 gryt5tNhxDttA5 cktQ w5tymJ5 
n=C/4ni4 Wbcs3m]zb s/Cw5 w0Jw5 kNw5 b]mi n=C/4nc6gu WD6g5, ]smJl 
 
bmwtA9o, x?loEJti4 cspnDt si4]vz ]N7mQ/sMs6g6 ur8i6]Xu4 
xgx6bsQxo1i4 mo1m5 cspnD]t5 whmosDbs9lt4 xg6bsA8N3mb vtmpk5 
ckgw8No]m5tx6 ur]Ji6]Xu4 cspm/sQx]o5 Wbc3mb ryxi Niy=s2 kNzk5 
ur]JtsAlx6 xuhi4 srsi4 vt6h6X9oxifw5 h]?9osbsA8N3mb WD6gk5 
]smJk9l b]mi n=C/4n/5 Wbc3iq8k5 whmQ9lA bwmzi5 ]b4fx n=C/4n/w5 
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b]m]iq8Ns/3mb x4hlxao6]X9o3Nt4 s/C1ix6bso3iq8k5. w7u4]f6g5 
s8i3l4nsbsMs6]gZlx5 ryxio xu]hqMs3iq8k5 h]?9osbslxMsq5g5 
gr]bDbsJk5. sfx b}? w7u4]f6Lt4 s8i3l4nsbsMs6g5, Ne5b6ymJi b7m6ymJ5 
xyq5, wh]mlQ/sJ5: 
 

• ]NnsyEJti4 ]s4gCstcMs3mb tuj5 x4gxic6gi4 w4W1N3ic6gil 
whmQ9lQ5 cktQ xfistQJu4 hDJ1N6g]uMsExq5 xyq8i  
]s4gCsbs?4g6 xg6bsq]z6Li (%- xu]hi6nk5 whQ/sJ5 vt6hCu4 
w4W1N3iq5 d}?6X9oxJ8N6g5 xfMw8ico6X9oxJ5 ct6h6ymoCu4 
sk6y?9ox]haiq5 ]Nns]t5; 

• Wbcq7mb yM4f5 Njzc5b]haiq8i4 ]s4gCs]t5 hDJwJc6t9lA kNu4 
]s4gC6bsQx]o5 mfx miC3u hDJ4bsJ5 x?l5t8i Nj5 ]f]ha1m]zb; 

• Wbcq7mb Njzsc5b]haiq8i4 ]s4gCs]t5 n=C/4nw/6bsifw5 nN6ft5 
sxDtq5 x4b3=zi5 by3u5 ]f4g5 hDJw5 wm3j5 y[/j9l ]f1ifw5; 

• ck6 xSt hDJ4ymJ6 xs4X9oxo6t9lA wqC]haiz ]f4f5 yf2 ]czk5 
t4bsifw5 x=zw5 tuq8]io]haiq5 b6ri *_i srso]mu; 

• ur8i6]Xu4 ckw4v/3izi4 ]s4gCstc6Lt4 bmw8ko]m6 
x4gxicD8N6t9lA iE/sli hD]JbsJ8N6gi4 sxDtymJ5; x7ml 

• scsysymqlx3mb n=C/DJ1i wloc]h5 ]smJ5 ieQ/sc5b6g5 
xyq8k5 ]smJk5 x=zw5 b]mi s/C4b3ix3=sJi x4b3lfi5 WQx3=zi5 
who}=zk5, tuz]io6t9lA cktQ Wbco6X5 x5b3NoDbsN/3m]z5 
w]ky3j5. Metallothioeins nN/s]ha1mb ta1i ieQ/sJ5 
n=C/4ncslxo]Czb tuj5 hDJw/w4fti4 xg6bsA8N6gi4 nNNhx6Lt4 
nN/s]h5 hDJw/5gi4 Wbco]Cz5 ta1j5 ]W/wJbsNhx]h5. 
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PART 1: CRITICAL REVIEW OF THE 2002 PHASE II ENVIRONMENTAL SITE ASSESSMENT 

NANISIVIK MINE, NUNAVUT 
 

1.0 INTRODUCTION 
 

The 2002 Phase II Environmental Site Assessment (ESA) of the Nanisivik Mine was prepared 
for CanZinco Ltd. by Gartner Lee Limited.  The purpose of the ESA was to complete the data 
collection and interpretation that was initiated by CanZinco Ltd. to identify and delineate areas of 
environmental contamination related to mine activities. 
 
There is no doubt that this ESA is a comprehensive compilation of data on surface and 
subsurface material, sediments and surface water in the Nanisivik area.  However, conveying 
the findings and meaning of this information is made somewhat difficult by the report 
organization and criteria used to delineate “contamination.”  There are also problems with the 
nomenclature used to describe the surface material.  A specific contaminant is also listed as 
being of concern in the conclusion of the report, but was not previously identified in any analysis 
of material from the Nanisivik mine area or discussed in the text.  These problems are 
discussed below. 
 
2.0 ORGANIZATION OF THE PHASE II REPORT 
 
The general format of a Phase II ESA report, according to the Canadian Standards  
Association (2000) “should present information in ways that follow a logical order and are 
unambiguous and comprehensive.”  While the author of this report probably does not have any 
problem with the “logical order” in which information is presented, this reviewer found the Phase 
II document somewhat unorganized and not in accordance with the proposed report format 
detailed by the Canadian Standards Association (CSA).  Although the CSA proposed section 
headings are not required, the presentation of the data in the Phase II document should have 
attempted better organization.  For example, the proposed format for a Phase II assessment by 
the CSA suggests the following main sections: 
 

• Introduction (including background) 
• Site investigation methodology 
• Findings (i.e. the nature and extent of contamination) 
• Evaluation of Findings (includes contaminant fate and transport, if applicable) 
• Conclusions 
• Qualifications of Assessor 
• References and supporting documentation 
• Appendices 

 
In accordance with the above format, the Phase II ESA document begins with an introductory 
section. Subsections include a background on Closure and Reclamation Plan (Section 1.2) and 
an overview the Nanisivik Mine, town and related facilities (Section 1.3).  The information 
discussed much later in Section 4 (Site Development and Operations) would appear to be more 
appropriate in Section 1.2.  The information currently in Section 4 seems out of place. 
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Section 2 (Pre-mining Environmental Setting) would also seem to be more appropriate in the 
section discussing the background of the facility, rather than a separate section.  The title “Pre-
Mining Environmental Setting” begs the question as to whether their should be a section entitled 
“Post-Mining Environmental Setting” that would describe the changes in climate, permafrost, 
geology, topography, hydrology, vegetation, soil, mammals and birds due to the mining activity. 
 
Section 3 (Environmental Site Assessment Setting) is still related to the discussion of actions 
and studies carried on before the 2002 Phase II study and as such should be in the section 
dealing with “background information.”  Indeed, it would seem appropriate to have a section 
entitled “Environmental Setting” which included all the subjects under 2.0 and the sections 3.1, 
3.2, 3.3 and 3.4.  Sections 3.5 (Possible Contaminants and potential Areas of Concern) does 
not seem appropriate to the environmental setting section, but should be placed in Section 6 
(Contaminants and Areas of Environmental Concern) of the ESA document. 
 
There should be an entirely separate major section for “Methodology”; not as a subheading 
under Section 5.  This methodology section would contain the information from section 1.5 
(Scope of Work) as well as all methodologies, regardless of their time scale so as to present 
them at one location in the document. 
 
A major section heading, such as “Findings - Nature of Extent of Contamination,” should be 
used for the information currently covered in 5.2 (Observations) and 5.3 (Results).  This type of 
organization would make the document much easier to read and follow along with the 
discoveries made by the author. 
 
Another section that seems out of place in the Phase II ESA document is Section 1.4.2 
“Remedial Guidelines.”  The section states that the soil, sediment and water quality will be 
assessed according to various government guidelines.  This section would seem more 
appropriate to the “evaluation of findings” section such as the existing sections 5.3 or 6. 
 
3. THE SURFACE MATERIALS AND IDENTIFICATION OF CONTAMINATION  
 
In the Introduction section of the ESA, an explanation is provided of the various criteria used for 
interpreting the data collected.  Specifically, the CCME Canadian Environmental Quality 
Guidelines for soil are identified for land use activities.  This section of the ESA goes on to 
mention that the mine area “is currently being used for residential, commercial and industrial 
purposes.”  The future land use of the mine site appears to be the subject of negotiations, but 
regardless of this the remediation objective is to restore the land to as close as possible to 
natural conditions (i.e. arctic wild lands).  The ESA document admits that there are no 
remediation criteria for a land use category identified as arctic wild lands and that parkland land 
use “objectives” will be used in the interpretation of data even though “these criteria were 
developed for urban areas in southern Canada.” 
The last section of the Introduction (Section 1.5, Scope of Work) identifies the extensive soil 
sampling program undertaken to attain the objectives of the ESA.  A most remarkable statement 
is made in section 2.7 (Soil) that reports on the 1973 study of the area.  This statement is as 
follows: 
 

“Soil studies were conducted by B.C. Research Inc. in conjunction with the 1974 
vegetation mapping and reported that virtually no soil formation has occurred 
in the mine area.  The little soil that has developed was found to be located 
primarily in alluvial plains where eroded and wind blown material has settled.” 
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If this is indeed the case, then exactly what was the material collected in place of soil and how 
does this affect the use of soil quality guidelines derived from soil-types common to southern 
Canada? 
 
Definitions of “soil” generally follow the examples below.  Buckman and Brady (1962) defined 
soil as: 
 

“A natural body, synthesized in profile form from a variable mixture of broken and 
weathered minerals and decaying organic matter…” 

 
Flawn (1970) defined soil as: 
 

”mixtures of fragmented or partly or wholly weathered rocks and minerals, 
organic matter, water and air, in greatly varying proportions, and have more or 
less distinct layers or horizons developed under the influence of climate and 
living organisms.” 

 
Clearly, organic matter is an essential component of soil.  In fact, all authors of textbooks 
dealing with soil agree that soil has four major components even though the relative proportions 
of these components may vary widely.  These components are mineral matter, organic 
matter, water and air.  Although the surface material collected from the Nanisivikic site for the 
Phase II Environmental Assessment are analyzed for minerals, there is no analysis of organic 
matter or water.   
 
Another definition of soil (Russell 1973) states: 
 

“A soil is a regolith that shows vertical anisotrophy due to biological activity.  By 
this is meant that a soil consists of layers of mineral material whose properties 
differ from another in some recognizable respects, and these differences are due 
to biological activity.”. 

 
In addition Russell (1973) goes on to say: 
 

“However, chemical changes can take place in the rock below the zone of 
biological activity, giving vertical anisotrophy, or layers in the rock which differ 
from the rock itself.  This material is usually not considered to be soil, 
although it is produced from the rock by weathering.” 

 
The following definition for soil is from the Canada Department of Agriculture (1976). 
 

“For the purpose of the Canadian taxonomic system, the earth’s surface (the 
material that is to be classified) is divided into soil and nonsoil.  Soil is the 
naturally occurring, unconsolidated, mineral or organic material at the earth’s 
surface that is capable of supporting plant growth. It extends from the surface to 
15 cm (6 inches) below the depth at which properties produced by soil-forming 
process can be detected.” 

 
Thus, if B.C. Research Inc. reported that virtually no soil formation has occurred in the mine 
area, the surface material in the mine area is not “soil.” If it is not soil, should this material be 
judged as to its potential for harm by criteria developed for soil? 
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As an example of the application of generic standards for soil monitoring, Alberta Environmental 
Protection (1996) Soil Monitoring Directive states: 
 

“For a given substance or parameter, generic standards shall be applied only at 
sites having the following characteristics: 
 
a)  clay content in soil greater than five percent; 
b)  soil pH between 6.0 and 8.5; 
c)  seasonal water table no closer than one metre to the soil surface; and 
d)  the ambient background concentration of a given substance does not  
     exceed the standard.” 

 
Thus, the solid surface material collected at the Nanisivik site does not appear to be “soil” and 
yet it is collected as such, is analyzed as such and then judged as such for its potential to cause 
detrimental ecological and human heath effects.   
 
Statements in the Phase II ESA such as: 
 

“The natural soils at Nanisivik generally displayed elevated metal concentrations 
when compared to generic CEQG Cl and/or PL guidelines.” (page 17) and 
 
“The results confirm that the background, or natural, quality of the weathered 
bedrock does not meet the generic CEQG CL guidelines of 260 µg/g for lead and 
360 µg/g for zinc.” (page 61) 

 
cause anyone reading this document to question why the Canadian Environmental Quality 
Guidelines (CEQGs) for soils characteristic of southern Canada would be used for this particular 
surface material in a high arctic “polar desert” environment.  These guidelines seem 
inappropriate. 
 
An extremely important paragraph begins at the bottom of page 17.  This paragraph points out 
“an area containing a surficial trend of naturally occurring mineralized soil.” In order words, what 
the author of the Phase II ESA appears to be saying is these surface materials should be 
considered to contain the naturally high background concentrations of metals.  The paragraph 
goes on to state that the lead concentrations in the samples collected from this area ranged 
from 48 ppm to 2296 ppm, with an average of 662 ppm.  In this same area, zinc concentrations 
ranged from 93 ppm to 1404 ppm with an average concentration of 825 ppm.  If 2296 ppm lead 
and 1404 ppm zinc are considered to be “naturally occurring,” why shouldn’t these numbers be 
used to assess “contamination” rather than CEQGs for soils?  The document gives no 
explanation or rationale regarding this question. 
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4. CONTAMINANTS OF ENVIRONMENTAL CONCERN 
 
Section 6.1 of the ESA contains Table F entitled “Contaminants of Environmental Concern.”  
Under the table column heading “contaminant,” in the fourth row of the table are the words 
“Chlorinated Ethenes – Volatile Organic Compounds.”  A search of the Phase II ESA text and 
embedded tables and the tables at the end of the text failed to find any reference to these 
compounds.  The “comment” column in Table F, fourth row states:  “Constituents of Xanthate.”  
However, xanthate is defined in the 12th edition of the Condensed Chemical Dictionary (Lewis 
1993) as: 
 

“A salt (usually potassium or sodium) of a xanthic acid.  Available as yellow 
palletized solids having a pungent odor, soluble in water.”   

 
There is absolutely no indication that xanthate contains chlorinated ethenes.  Yet, as a 
contaminant, chlorinated ethenes are given the same status of concern as the obviously ever-
present metals cadmium, copper, lead and zinc.     
 
5. AREAS OF ENVIRONMENTAL CONCERN 
 
Table G, in Section 6.2 summarizes the areas that are of environmental concern due to the 
presence of hydrocarbons.  There are a total of 12 areas identified.  However, in eight of the 12 
areas (67% of the areas cited), the contamination is characterized as “localized.”  For the 
“Town,” hydrocarbon contamination is stated as “confined to shallow areas (less than 0.05 
m)….”  These comments beg the question as to whether “localized” contamination can be 
considered an “environmental concern.” 
 
Table H, in Section 6.2 summarizes the areas that are of environmental concern due to the 
presence of metals.  Comments related to five of the 14 areas use words such as “small 
quantities,” “limited,” and “localized” to describe the presence of these contaminants.  This again 
raises the question:  If these areas are characterized as “small” “limited” and “localized” are they 
necessarily of concern?  This is especially relevant when the natural background levels of 
metals in the surface material generally exceed the CEQGs for parkland soil. 
 
6. SUMMARY 
 
This ESA contains a wealth of data and information from which to draw conclusions.  Given the 
nature of the site and the lack of generic criteria for the protection of “Arctic wild lands”, the term 
“contamination” as related to the specific geographic and geologic conditions of Nanisivik should 
have been a major topic of discussion.  There are, in addition, several errors (e.g. “chlorinated 
ethenes” in Table F) that should have been easily identified by any reviewer prior to release of 
the Phase II ESA document.   
 
The words used to describe the presence of contamination (e.g. “small quantities,” “limited,” and 
“localized”) seem to indicate that the contamination due to mining at Nanisivik is not pervasive.   
However, the Phase II ESA does not provide an overall quantitative or qualitative assessment 
regarding the extent of contamination.  In a review of Arctic terrestrial ecosystem contamination, 
Thomas et al. (1992) qualifies the “scale of chemical contamination” at Nanisivik as “minor.”  
This would seem to support the terminology used to describe the presence of contamination by 
the ESA. 
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PART 2: CRITICAL REVIEW OF THE ECOLOGICAL RISK ASSESSMENT  
CONDUCTED AT THE NANISIVIK MINE 

 
 

1.0 INTRODUCTION 
 
Jacques Whitford Environment Limited conducted human health and ecological risk 
assessments at the Nanisivik Mine (Nunavut) to evaluate the potential for detrimental effects 
based on the existing contaminant concentrations and future use of the property after mine 
closure.  This critical review is limited to the ecological risk assessment (ERA).  A separate 
review will be conducted for the human health risk assessment. In addition, the results of the 
ERA were used to develop site-specific threshold limits (SSTLs) for contaminants in surface 
material in and around the mine.  Subsequently, these SSTLs for ecological effects were 
compared with the SSTLs for human health and the lesser of the two values were identified as 
the “Soil Quality Remedial Objectives. 
 
Overall, the ERA is well-organized and uses a format that is easily followed.  This ERA is 
conservative in its conclusion, as risk assessments usually are, and this review can find no 
serious fault with the conclusions.  There are a few minor errors or omissions that do not 
influence the conclusions. There are also several questions raised by some of the statements 
made in the ERA, but again these have no effect on the conclusions. 
 
2.0 ORGANIZATION OF THE ERA 
 
Section 7.0 (Ecological Risk Assessment) seems to jump immediately into the discussion of 
trace elements as the contaminants of potential concern.  A sentence or two regarding the lack 
significant amounts or the absence of other categories of contaminants (e.g. hydrocarbons) 
would seem appropriate to get everything else “out of the way” so that the ERA could proceed. 
 
3.0 TERMINOLOGY, CENTRAL TENDENCY AND THE CONCEPTUAL MODEL 
 
Having examined the Phase II Environmental Site Assessment, the authors of the ERA should 
probably have given some thought to whether they should be referring to the surface material at 
Nanisivik  as “soil” (see the review of the Nanisivik Phase II Environmental Site Assessment).   
 
In section 7.1.5 (Surface Water) the statement is made (on page 53) the “EPCs for each metal 
were calculated as arithmetic mean total metal concentrations (mg/L), based on 2001 data as 
shown in Table 7.3.”  This seems to conflict with the statement made in the first paragraph of 
Section 3.6 that states: “All data were found to be log-normally distributed, hence the EPC and 
BSC were calculated as the 95% UCL on the geometric mean of the log-transformed data.”  If 
the trace element concentrations in water were log-normally distributed, the geometric mean 
should be a better measure of central tendency than the arithmetic mean. 
 
The conceptual model (Figure 8) appears complete, but shouldn’t there be a connection 
between “surface soil” and  “surface water” to account for surface water runoff?   Surface water 
runoff (from snowmelt water) would seem to be a mechanism whereby trace elements would 
have the potential to be transferred from the solid surface material to a solute in surface water. 
Should water associated with the tailings also be identified as a pathway from the solid material 
to aqueous dissolution in surface water? 
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4.0   RECEPTOR IDENTIFICATION, EXPOSURE & HAZARD ASSESSMENTS 
 
The discussion of receptor identification, exposure assessment and hazard assessment seem 
appropriate to the conditions at Nanisivik and the availability of data.   One question that might 
be asked with respect to the section on exposure assessment is the effect of snow cover that 
occurs approximately eight months of the year.  Although, discussion is provided concerning the 
lemming and its winter habitat in spaces between the snow and surface material, would the fact 
that the surface material is frozen reduce the exposure of this animal to the trace elements?  
Would the snow cover reduce the exposure of the Arctic fox to trace elements?  If snow cover 
does reduce, in some fashion, the exposure to trace elements in the surface material, it would 
seem to reduce the hazard posed by the specific elements identified as contaminants to an 
even greater degree than currently calculated. 
 
5.0   THRESHOLD LIMITS, ASSUMPTIONS AND UNCERTAINTIES 
 
The discussion and calculation of threshold limits are appropriate to the available data.  The 
evaluation of assumptions and uncertainties is very well accomplished in the tabular format.  
This review is in agreement with all that is discussed in these sections.   
 
Perhaps, an additional entry concerning the effect of snow cover for eight months would have 
been appropriate here.  The issue of using the 95% upper confidence limit of the geometric 
mean certainly appears to be a “worse case scenario.”  One question that is raised regarding 
this issue is the pervasiveness of the contamination.  Can the contamination be characterized 
as slightly elevated over the entire area or highly elevated at a few so-called “hot spots?”   
 
The bioavailability of ingested trace elements was assumed to be 100% in this risk assessment.  
However, this has been known not to be the case for over 30 years.  Reference to general texts 
related to trace element metabolism and toxicity such as Venugopal and Luckey (1978) would 
provide a more realistic, and yet still conservative (and still worse case) value for intestinal 
absorption.  The differences between a non-essential trace element such as lead and an 
essential trace element (such as zinc) that is homeostatically controlled by mammalian 
physiology would also help to present a truer picture of the extremes caused by the assumed 
100% bioavailability.  In ecological risk assessments, there always exists a high probability that 
the “worse case” scenario becomes the “impossible case” scenario. 
 
6.0   CHEMICAL INTERACTIONS 
 
Section 7.9 (Chemical Interactions) is a good introduction to uncertainties that revolve around 
the metabolism of trace elements.  In hindsight, of course, more is always possible.  The 
presence of metallothioeins in mammals should have been at least mentioned, if only in one 
sentence. 
 
7.0  SOIL QUALITY REMEDIAL OBJECTIVES 
 
If there is one sentence in this ERA that should be copied and placed much further forward in 
the text in bold font (e.g. in the introduction), it is the first sentence of the last paragraph in 
Section 8.0.  It gives a perspective that should be realized from the outset.     
 
Note that Table 8.2 contains an error concerning the final SQRO for lead.  It would appear to be 
4,600 mg/kg rather than 4,500 mg/kg.  The 4,500 mg/kg value is repeated again in Table 8.4. 
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7.0   SUMMARY 
 
The ecological risk assessment conducted for the Nanisivik Mine is a well-written and organized 
discussion of the potential for adverse ecological effects due to the presence of various trace 
elements in the Nanisivik area.  This review is in complete agreement with the conclusions. 
 
8.0   REFERENCE 
 
Venugopal, B. and T.D. Luckey.  1978.  Metal Toxicity in Mammals.  Volumes 1 & 2. Plenum 
Press, New York. 
 
 

 



Page 11 
 
 
 
PART 3:  Review of Quantitative Risk Assessment – Nanisivik Mine, CanZinco Ltd. 
 
1.0 Introduction 
 
A Human Health and Ecology Risk Assessment (HHERA) was prepared by Jacques Whitford 
Environmental Limited (JWEL) to address contamination found at the Nanisivik Mine situated on 
northern Baffin Island, Nunavut (Site)1.  AMEC Earth and Environmental Limited (AMEC) was 
retained by Nunavut Tunngavik Inc., Department of Lands and Resources to review the risk 
assessment.   
 
2.0 Objective 
 
The objective of the review was to determine if the HHERA was conducted in a manner that 
adequately evaluates the human health risks. 
 
3.0 Scope of Work 
 
The scope of work included: 
 

• Review of the conceptual exposure model and the assumptions used in the HHERA; 
• Review exposure models to determine if they are applicable (a detailed checking of the 

calculations is considered outside the scope of work); and 
• Review each phase of the HHERA to ensure that the process was followed correctly and 

that the conclusions of the HHERA are supported by the data. 
 
To facilitate the review process, AMEC based the review on the Checklist for Reviewers found 
in the Ontario Ministry of Environment (MOE) “Guidance on Site-Specific Risk Assessment for 
Use at Contaminated Sites in Ontario” (http://www.ene.gov.on.ca/envision/gp/326701e.pdf) 
which is also a modification of the checklist described by the U.S. EPA in their “Risk 
Assessment Guidance for Superfund, Volume 1:  Human Health Evaluation Manual (Part A).” 
 
4.0 Comments and Issues 
 

4.1 General 
 
The site-specific objectives of the risk assessment were described in Section 1.1 of the HHERA.  
The objective was to “determine concentrations of potential contaminants of concern (COCs) in 
surface soil below which no adverse health effects would be expected.”  The scope of work 
identified three specific tasks including: 
 

• Review, compile and summarize existing data; 
• Qualitative screening of risks to identify scenarios of greatest risk; and 
• Quantitative risk analysis to develop Soil Quality Remedial Objectives (SQRO) specific 

to the scenarios of greatest risk. 
 
The project was designed to evaluate the risks associated with current and future exposures, 
not historical exposures.  The risks were primarily evaluated by comparison of the surface soil 
concentrations of the COCs with the calculated SQROs. 
 

                                                 
1 Jacques Whitford Environmental Limited.  2003.  Report to CanZinco Ltd. on Human Health and 
Ecological Risk Assessment, Nanisivik Mine, Nunavut.    
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4.2 Hazard Identification/Problem Formulation 
 

4.2.1 Site Characteristics 
 
Section 2.0 of the HHERA details the characteristics of the Site and divides it into three study 
areas based on future uses of the land i.e., town area, dock area, and general mine area.  
Historical activities and facilities on the Site are also described. 
 
Generally, the Site has been heavy industrial, principally as an underground mine, extracting 
lead and zinc ore.  Specifically, however, there should be greater detail provided as to the 
specific activities within each of the individual areas.  Some areas are described in later 
sections, but others are lacking in their description so that the reader is unclear whether the 
types and extent of contamination observed are consistent with the site activities. 
 
General maps of the Site location, mine site and study areas are provided in the HHERA.   
 
The HHERA indicates that the future land use may involve the ongoing use of the dock area as 
a storage facility for marine environmental response equipment and refuelling, use of area as a 
regional training centre for equipment operation, trades, and jobs and use of area as a military 
training base.  As for the town facilities, there are two possibilities:  demolition of all facilities 
within the town or transfer ownership of the town facilities to other organizations for ongoing 
use. 
 
A qualitative and quantitative description of the nature of the contaminants is provided in 
Section 3 of the HHERA.  A screening of the data was based on selection of samples within 0.3 
m of the surface.  Although it is typical site assessments use either 1.0 m or 1.5 m as the depth 
for surface soils, JWEL demonstrated adequately that the use of 0.3 m would lead to a more 
conservative assessment. 
 
Since the data was derived from a number of reports, data validation is a necessary step of the 
risk assessment process to ensure that errors in transcription are minimized.  JWEL conducted 
a Level 2 validation check for quality control purposes where 20% of the data was checked 
between the original and transcribed data.  While such a process may be adequate, for this 
assessment where public scrutiny and confidence in the data are of paramount importance, it is 
suggested that the data validation should cover 100% of the data.  Therefore, there can be no 
future criticism that the assessment might have missed something or faulty data was used. 
 

4.2.2 Data Evaluation 
 
The HHERA used the 95% confidence interval for the assessment.  However, on page 13, it 
indicates that the 95% upper confidence limit (UCL) of the geometric mean of the log-
transformed data was calculated for the exposure point concentration (EPC).  This is different 
than the 95% UCL of the log-transformed distribution suggested for the EPC on page 15.  
Clarification should be provided on which is the value used.  Typically, the geometric mean is 
determined by calculating the mean of log-transformed data. 
 
Furthermore, there is no indication of how the confidence interval is derived.  There are many 
ways that the confidence interval can be estimated based on a number of assumptions (e.g., the 
data is normally distributed).  Deviations from the assumptions may require a different approach 
to calculate the confidence interval.  The HHERA does not provide any evidence that the data is 
either normally or log-normally distributed and that the method used to calculate the 95% 
confidence interval is applicable.   
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In addition, there is no indication of what proxy concentration was used for samples that had 
concentrations below the limit of quantification (LOQ).  Typically, previous practices have used 
proxy concentrations of zero, ½ the LOQ, or the LOQ itself.  The selection of a proxy 
concentration may have significant bearing on the calculation of the 95% confidence interval 
and the underlying assumptions regarding the data. 
 

4.2.3 Contaminants Selected for Detailed Analysis 
 
Screening of chemicals was conducted by comparison of the maximum concentrations with the 
generic guidelines.  Chemicals were further screened by comparison of the EPC with the 
background soil concentrations (BSC).  This approach is commonly accepted for determining 
the chemicals to be assessed in a HHERA.  However, the use of Ontario Typical Range (OTR98) 
as the representative BSC may be criticized since it can be argued that the soil conditions of the 
high arctic may be different than those found in Ontario.  This is important in one respect 
because arsenic was observed to exceed the guideline in 15.6% of the Town Area data and yet 
was screened out because it did not exceed the OTR98.  Cadmium and zinc were included in the 
assessment with 9.48% and 4.31%, respectively of the Town Area data exceeding criteria.  
Because arsenic can be considered to have carcinogenic endpoints, it might be worthwhile to 
also evaluate the chemical, just like lead was screened out but also included in the assessment. 
 
The HHERA compared the soil concentrations to the residential criteria for screening for the 
Town Area and the General Mine area and to industrial criteria for the dock area.  
  

4.3 Exposure Assessment 
 
The exposure assessment component of the HHERA considered most of the relevant exposure 
pathways for a receptor in the Town Area, Dock Area or General Mine Area. 
 
Cadmium inhalation exposures were considered for an adult receptor.  However, there is no 
discussion regarding inhalation exposures for lead and zinc for either the adult or toddler 
receptor.  These exposures to lead and zinc should also be evaluated for the inhalation 
pathways, especially for the toddler who is a very sensitive receptor to lead exposures. 
 
Table 6.4 describes the parameters used to calculate the appropriate SRQOs.  However, the 
exposure duration and averaging time for non-cancer effects for a 6-month to 4-year toddler is 
4.5 years.  However, this might be argued that the value should be only 3.5 years. 
 
Similarly, the soil ingestion of a toddler is 41 mg/d.  Typically, CCME recommends the use of 80 
mg/d for a toddler.  The difference is the soil ingestion rates was based on the assumption of 
the period of snow cover associated with the winter months would prevent direct contact with 
the soil.  While this is an important distinction in cancer assessments where exposures would be 
averaged over a lifetime, non-carcinogenic threshold exposures do not have the luxury of 
averaging over a lifetime.  Therefore, it would be more prudent to suggest that the soil ingestion 
rate for a toddler should remain as 80 mg/d. 
 
In the estimation of total daily intakes, the determination of background drinking water 
concentrations is based on the selection of drinking water concentrations from national surveys.  
The selection of median concentrations from such surveys may not be appropriate given that 
the area may naturally have elevated concentrations of metals due to the source geochemistry.  
The background drinking water concentrations should take advantage of any surface water data 
available from East Twin Lake where the Town sources its drinking water supply. 
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The exposure assessment indicated that the consumption of wild game would be considered in 
the HHERA.  However, there is no indication in Table 6.8 that the exposure pathway was 
considered.  Furthermore, there was no discussion on how the wildlife consumption pathway 
would be integrated into the process. 
 

4.4 Toxicity Assessment 
 
In the selection of toxicity values, a noncarcinogenic exposure limit for cadmium via inhalation 
exposure routes was not available.  With zinc, however, the exposure limits for both ingestion 
and inhalation routes are identical.  A review of the reference for the zinc exposure limits 
indicates that there is no inhalation exposure limit.  It is assumed therefore, that the zinc 
inhalation exposure limit is based on a route extrapolation of the ingestion exposure limit.  Given 
this, there is no indication why a similar route extrapolation was not assumed for cadmium 
exposures. 
 
The HHERA used a target cancer risk of one in a million for the assessment of cancer effects.  
This is an extremely conservative target risk and can be considered overly protective given the 
isolated location of the Site and the population of residents in the area.  Typically, acceptable 
risks in risk assessments may range from one in ten thousand to one in a million. 
 

4.5 Risk Characterization 
 
The risk characterization component of the HHERA focused primarily on the derivation of the 
safe concentration in the soil (SSTL) for noncarcinogenic chemicals and incremental risks due 
to carcinogen exposures.   Comparisons were then conducted to evaluate the relative 
contribution of each of the exposure pathways on the total dose of the receptor and the tolerable 
daily intake of the chemical.  For all of the noncarcinogens, the tolerable daily intakes were not 
exceeded for cadmium, lead or zinc. 
 
However, it was not possible to evaluate these calculated SSTL since there was no worked 
calculation demonstrating how the SSTL was derived.  The generic equation and parameters 
were provided in Appendix C, but not the worked example.  Typically worked examples are 
given to indicate that the calculations in the HHERA were correctly calculated. 
 
Similarly, it was shown in the risk characterization that wild game consumption was a viable 
exposure pathway.  However, there is no discussion or calculations showing how the predicted 
intake by this pathway was calculated.  It is unclear how the soil concentration was used to 
determine a tissue concentration in the wild game and eventually a dose into the human 
receptor.  There was insufficient information on this to adequately validate the mathematical 
models used to evaluate this exposure pathway. 
 
Carcinogenic risks were evaluated using a composite receptor rather than just evaluate the risks 
for an adult receptor.  The CCME approach typically assesses the carcinogenic risks for an 
adult receptor.  There was no discussion regarding the deviation from the CCME protocol, 
especially since the rest of the HHERA had adopted the CCME approach. 
 
In the Uncertainty Analysis, there was discussion of summing hazard indices between 
compounds.  However, the HHERA did not calculate any hazard indices and therefore, these 
comments are unnecessary. 
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5.0 Conclusions 
 
Based on the review of the HHERA, AMEC is of the opinion that the assessment adequately 
addresses the potential risks to human receptors at the Nanisivik Mine.  The issues identified 
above, once addressed, are not significant enough to invalidate the HHERA. 
 
 
AMEC Earth & Environmental Limited    
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