PLAIN LANGUAGE VERSION

A REVIEW OF THE PHASE Il 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 Il
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 Il ENVIRONMENTAL SITE ASSESSMENT

The purpose of the Phase Il 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
21 Climate
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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 chiorinated 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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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 animais 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, oe 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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Page 2

amec®

PART 1: CRITICAL REVIEW OF THE 2002 PHASE Il ENVIRONMENTAL SITE ASSESSMENT
NANISIVIK MINE, NUNAVUT

1.0 INTRODUCTION

The 2002 Phase Il 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 Il REPORT

The general format of a Phase || 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
Il document somewhat unorganized 2..4 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 |l document should have
attempted better organization. For example, the proposed format for a Phase |l 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 || 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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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 compenent 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 Il Environmental Assessment are analyzed for minerals, there is no analysis of organic
matter or water.

Another definition of soil (Russell 1973) states:

“A sail 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 sail, should this material be
judged as to its potential for harm by criteria developed for soil?
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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 || 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 12" 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
guantities,” “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 Il 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 || 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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