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Introduction

The purpose of this paper is to review relevant literature regarding fisheries and the threat posed
by potential cadmium contamination that could result from mining near Bristol Bay, Alaska.
Mining sites may pose a unique risk because metal concentrations in water at mines tend to be
several orders of magnitude higher than those for uncontaminated sites (EPA 2000).

Proposed mining of copper-sulfide ore bodies near Bristol Bay, Alaska, will unearth rock and
soil with elevated cadmium concentrations (see e.g., Pebble Limited Partnership’s Pre-Permitting
Environmental / Socio-Economic Data Report Series).*

Cadmium in the Environment

Once rocks with elevated cadmium concentrations are exposed at the earth’s surface,
cadmium will leach from the solids and dissolve in water, especially under acidic pH
conditions.

Dissolved cadmium and its compounds are toxic to humans, wildlife, and especially
aquatic biota, at low concentrations.

Like all metals, cadmium can move from one environmental compartment to another (e.qg.,
from groundwater to soil), but it does not degrade by breaking down to a less toxic form.

See CSP2 Fact Sheet, http://www.csp2.org/reports/Fact Sheets--
Trace Elements in Mining Waste.pdf

Past studies and recent data from the region indicate that mining of copper-sulfide ore in Bristol
Bay has the potential to create acid mine drainage, which will mobilize metals, including
cadmium.? Acid mine drainage forms when iron sulfide minerals at a mine are exposed to air
and water. This acidic drainage can dissolve metals and metalloids, including cadmium, causing
them to leach from the mined rock (whether in waste rock, tailings, mine workings, pit walls,
ore, etc.) and into the environment. Once started, acid mine drainage is difficult to stop or

! Pre-Permitting Environmental / Socio-Economic Data Report Series Report Series Trace Elements (Sediments &
Soils) Report E-2 Summary of Mine Area Sediment Inorganic Analytical Results, 2004 - 2007 (ldentified by the
report as "preliminary,” but no final report has yet been identified. Data should be considered preliminary). The
data includes soils and sediment cadmium concentrations in materials that are proposed for mining by that company.
http://www.pebblepartnership.com/documents/report-e-trace-elements-soils-and-sediments (accessed 19 July 2010).

2 Current exploration and other data evidence the presence of sulfide, which is the mineral that forms sulfuric acid
upon contact with water and oxygen. In the West zone; "50% of Cominco holes in Pebble West bottomed in sulfide
mineralization with grades of 0.6% CuEQ and 96% bottomed in mineralization with grades higher than 0.30%
CuEQ" (Rebagliati et al. 2009). There is also pyrite (FeS2) beneath the overburden material of the East zone
(Rebagliati and Payne 2005). These data, notably with pyrite, indicate that iron sulfides are present and therefore
that acid mine drainage is possible. Further characterization is necessary to identify the actual potential for acid
mine drainage.

See also, Pre-Permitting Environmental / Socio-Economic Data Report Series Report Series E. Trace Elements
(Sediments & Soils) Report E-2 Summary of Mine Area Sediment Inorganic Analytical Results, 2004 - 2007
(Identified by the report as "preliminary™, but no final report has yet been identified. Data should be considered
"preliminary").
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reverse. Cadmium can contaminate water by leaching from waste rock piles, tailings materials,
and exposed/mined-surfaces (especially in the open pit and underground workings).

Cadmium Background

Cadmium is a metal with no known beneficial properties that support life - there is no evidence
that it is either biologically necessary or beneficial (Eisler 1985; Eisler 2000; Nordberg et al.
2007). At low concentrations it is toxic to all life, including plants, fish, birds, mammals
(including humans), and microorganisms (Eisler 1985; Eisler 2000; Nordberg et al. 2007,
ATSDR 2008). It causes cancer, birth defects and genetic mutations (Eisler 2000, Nordberg et
al. 2007). In one study that used comparative acute toxicity testing of 63 heavy metals, cadmium
was the most toxic metal (Borgmann et al. 2005).

In its elemental form Cadmium does not break down but it can change form into different species
and compounds. Some species can bind strongly to soil or sediment particles, depending
primarily on the acidity of the surrounding water. In sulfide ore bodies, cadmium is usually
associated with sphalerite (a zinc sulfide mineral) (USGS 1996). Other sources of cadmium are
coal and other fossil fuels, and shale. It can also be released to the atmosphere during volcanic
eruptions. It can enter the atmosphere during the burning of coal and household wastes, and can
enter water around a sulfide mine as a byproduct of acid mine drainage (See e.g. Edmonds and
Peplow 2000).

In unpolluted waters, natural cadmium concentrations are generally less than 1 pg/L or 1 part per
billion (ppb) (Nordberg et al. 2007). Most cadmium is released from human activities such as
mining and smelting of sulfide ores, fuel combustion, and application of phosphate fertilizers or
sewage sludge (USPHS 1993). For example, one estimate indicated over 300,000 kg of
cadmium was released to the environment from human activities in 1988 (USPHS 1993).
Because it is a nondegradable, cumulative pollutant, continued releases are of global concern
(ATSDR 2008; Hutton 1983; Tjell 1983).

Cadmium Behavior and Toxicity

Cadmium and other metals released from mining sites can contaminate drinking and other water
sources (See e.g. Peplow and Edmonds 2004; Younger et al. 2002). Metal contamination in
aquatic systems is a particular concern because metals are both persistent and toxic (Clark 1992).

When, where, and how an animal eats can play a role in cadmium behavior:
e Animals that accumulate cadmium in their bodies (“body burden”) can be eaten by
others, and so on, such that cadmium will both accumulate and biomagnify in the food
chain (see below) (EPA 2000).
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e Fish can accumulate cadmium from the water and eating foods contaminated with
cadmium (contaminated food chain). It is important to note that bioaccumulation-
magnification occur when a substance cannot be easily metabolized or excreted.
Cadmium exhibits this persistence (ATSDR Medical FactSheet).

o0 Bioaccumulation occurs when an animal accumulates cadmium from the
environment into its body.

o Biomagnification of cadmium occurs when the concentration of cadmium
increases from one link in the food chain to another link in the food chain. A
bigger fish eats multiple small fish and accumulates the cadmium from those fish
in its body tissue. As that fish ages, it keeps accumulating the cadmium from all
of the contaminated smaller fish it eats. The cadmium further accumulates - or
magnifies - as a bigger fish eats that fish, and so on.

o0 Biomagnification can happen when eagles, bears, or any animals eat prey species
that have bioaccumulated cadmium.

o For example:

= Spawning salmon, incubating salmon embryos, fry rearing up to 3 years,
and migrating salmon can all boiaccumulate and biomagnify cadmium.
They may therefore be harmed as individuals from their exposure and
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accumulation of cadmium. They may also cause cadmium to biomagnify
in humans who eat them.

= Mussels accumulate cadmium (see e.g. Das et al. 2004; Sunila 1986). If a
humpback whitefish eats contaminated mussels, it will biomagnify
cadmium. If a human eats the humpback whitefish, the human will
biomagnify cadmium in his or her body. This is particularly important for
subsistence diets based on fish in Native Alaskan communities.

e The most likely source of cadmium toxicity in humans is contaminated foods (ATSDR
2008). People who regularly consume shellfish and fish organ meats (liver and kidney)
may have increased cadmium exposure (ATSDR 2008). As described below, mining
copper-sulfide ores near Bristol Bay poses a risk of cadmium releases to the environment,
which in turn could lead to fish and subsequent human contamination.®

e Cadmium exposures can be acute or chronic.

® The ATSDR warns: Elevated cadmium levels in water sources in the vicinity of cadmium emitting industries
(historical and current) have been reported. Aquatic organisms will accumulate cadmium, possibly entering the food
supply. People who fish in local waters as a means of food should be cautious and abide by any advisories.

ATSDR reports: “Recreational and subsistence fishers that consume appreciably higher amounts of locally caught
fish from contaminated waterbodies may be exposed to higher levels of cadmium associated with dietary intake
(EPA 1993a). Cadmium contamination has triggered the issuance of several human health advisories. As of
December 1997, cadmium was identified as the causative pollutant in five fish and shellfish consumption advisories
in New York and another in New Jersey.”
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o0 Cadmium would be acutely toxic when an animal dies from exposure to a high
concentration over a short period of time.

0 Cadmium would be chronically toxic when the animal is exposed to cadmium
over a long period of time at a lower concentration. While chronic exposure can
lead to mortality, sublethal effects such as reduced growth and reproductive
success are more common. Cadmium may also accumulate in aquatic biota
chronically exposed to sublethal concentrations.

Cadmium Bioaccumulation

e Agquatic and terrestrial organisms bioaccumulate cadmium.

e Cadmium concentrates in freshwater and marine animals to concentrations hundreds
to thousands of times higher than in the water.

e Reported bioconcentration factors (BCFs) range from <200 to 18,000 for
invertebrates and from 3 to 4,190 for fresh water aquatic organisms.
0 Bioconcentration in fish depends on the pH and the humus content of the
water.

e Cadmium bioaccumulates in all levels of the food chain. Cadmium accumulation has
been reported in grasses and food crops, and in earthworms, poultry, cattle, horses,
and wildlife

(ATSDR Draft Toxicological Profile for Cadmium, 2008)

Even if contaminants are not expected to be bioavailable (such as refractory metal sulfide solids),
processes in the environment or in the body of those exposed to cadmium compounds may alter
or render the metals bioavailable (See Schaider et al. 2007).

Cadmium biomagnifies in the food chain and can accumulate in humans. For example, cadmium
can enter freshwaters due to mining activities (see e.g. Edmonds and Peplow 2000) where it is
taken up by algae, insects, and passed up the food chain to fish, which can accumulate it in their
gills, liver and kidneys (See e.g. Eisler 1985; Nordberg et al. 2007; ATSDR 2008; Edmonds and
Peplow 2000). Humans accumulate cadmium primarily in the kidneys and liver, and its impacts
are greatest to the lungs (from inhalation) and kidneys (from ingestion) (ATSDR 2008).

A comparison of metals body burdens in grayling and lake trout from an arctic lake suggested
that dietary, physiological, or microhabitat differences play a role in heavy metal accumulation
in Arctic lakes (Allen-Gil et al. 1997). The dietary component may be explained by grayling
exclusively consuming insects, which are lower on the food chain and likely had lower metal
burdens (Allen-Gil et al. 1997). By comparison, lake trout tend to consume a mixture of snails,
insects, and small fish, representing a diet higher on the food chain - which can increase the
probability of them eating prey species with greater body burdens of cadmium (Allen-Gil et al.
1997). In other words, lake trout would likely have higher dietary exposure to cadmium than
grayling because lake trout eat more species from higher in the food chain - and higher food
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chain species are more likely to have higher cadmium levels. Lake trout may have also taken-up
more metals than grayling because grayling spend most of their time near the water surface,
whereas lake trout tend to be dispersed through the water column or reside in the lower layers
throughout most of the year (Allen-Gil et al. 1997).

Cadmium has been shown to increase in agricultural soils and cause contamination and impaired
kidney function in people eating foods from those soils (Olsson et al. 2005). Similarly,
consumption of a cadmium-contaminated rice and fish diet in north central Sri Lanka has been
shown to cause chronic renal failure (Bandara et al. 2008). Cadmium has been demonstrated to
persist in the human body for up to 38 years, underscoring the importance of decreasing human
exposure to cadmium (ATSDR 2008; Nordberg 2006).

Most studies indicate that cadmium is no more toxic in a mixture than when tested alone.
However, results from toxicity studies on cadmium and copper mixtures were contradictory;
some indicated that cadmium and copper mixtures can result in greater toxicity than cadmium
alone or than cadmium and zinc mixtures (Mebane 2006).

Fish species often respond differently to the same environmental impact. For example, Bull trout
- but not rainbow trout - were more sensitive when exposed to a mixture of cadmium and zinc
than when exposed to cadmium only (Hansen et al. 2002). The cause of these differences in
toxicity on the different species is unclear (See Hansen et al. 2002). But the results and the
unknowns underscore that many fundamental impacts of cadmium are yet unknown and that how
cadmium will impact fish in a mine-impacted environment is not clear.

Increasing water temperature (from 8° to 12° C) increased the rate of cadmium and zinc toxicity
in Bull trout and rainbow trout (Hansen et al. 2002). Researchers have observed similar findings
for other fish, including Atlantic salmon (Salmo salar) (Hansen et al. 2002).

Cadmium Toxicity

e Fish, plants, and animals uptake cadmium from the environment - through food, water,
and breathing (including the gills in fish).
e Animals given cadmium in food or water develop high blood pressure, iron-poor blood,
liver disease, and nerve/brain damage.
e Cadmium affects birth weight and skeleton development in animals.
e Cadmium is toxic to aquatic organisms at low concentrations.
0 Clean Water Act Fresh Water Criteria — Criterion Continuous Concentration:
0.25 pg/L (the highest concentration to which an aquatic community can be
exposed briefly without resulting in an unacceptable effect).
0 Criterion Maximum Concentration: 2.0 ug/L (an estimate of the highest
concentration to which an aquatic community can be exposed indefinitely
without resulting in an unacceptable effect).

(CSP2 Fact Sheet, http://www.csp2.org/reports/Fact_Sheets--
Trace_Elements_in_Mining_Waste.pdf
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Cadmium Accumulation

Cadmium accumulates in the kidney, liver, and gills of freshwater fish (Chowdhury et al. 2004;
Dallinger et al. 1996; Thomas et al. 1985; Norey et al. 1990a; Kraal et al. 1995). Cadmium
accumulation in these organs appears to be related to the presence of cadmium-binding
molecules called metallothioneins (Dallinger et al. 1996; Carpene and VaSik, 1989; Hogstrand et
al. 1991).

There is evidence that a high accumulation of cadmium in fish (Arctic char) might be the result
of increased metal absorption in the gills from the water due to low alkalinity (Dallinger et al.
1996; Wograth and Psenner 1995; Isock et al. 1995). Alkalinity plays a role in what and where
cadmium and other metals accumulate, such that liver metallothionein was dominated by copper
and zinc in spite of high cadmium levels in the kidney (Dallinger et al. 1996). The role of
metallothionein in fish accumulation is well demonstrated (See e.g. Dallinger et al. 1996 and
Yudkovski et al. 2008). As a result, in the Bristol Bay waters, which tend to have low alkalinity
(see Northern Dynasty Mines 2005), fish may uptake environmental cadmium at a higher rate
than in comparable higher alkalinity waters.

In Arctic Char, cadmium tended to accumulate in the kidney, while copper and zinc tend to
accumulate in the liver (Dallinger et al. 1996). However, as cadmium levels increase in these
organs, zinc levels tend to decrease (Dallinger et al. 1996). Studies of rainbow trout showed that
an accumulation of cadmium in the kidney was accompanied by an increased urinary excretion
of zinc (Dallinger et al. 1996; Giles, 1988).

As fish age, cadmium and cadmium (and zinc)-metallothionein concentrations in the liver
increase (Dallinger et al. 1996). Cadmium in the kidney has also been shown to increase with
age (Dallinger et al. 1996; Kock et al. 1995). These findings are consistent with findings that
both cadmium and metallothionein concentrations in fish tissues increase under conditions of
chronic exposure to cadmium (Dallinger et al. 1996; Brown et al. 1990; Bonwick et al. 1991,
Chatterjee and Maiti, 1991) regardless of species-specific differences (Norey et al. 1990a).

As a related matter, it has been shown that while some fish, such as Arctic char, may eliminate
cadmium (Dallinger et al 1996; Kock et al. 1996b), long term net accumulation still occurs in
Arctic char that are exposed to a continuous supply of cadmium in water (Dallinger et al. 1996).
The distinctions between and impacts of water versus food/ingestion cadmium sources have not
been clearly identified (See. e.g. Saiki, et al. 2000).

Where cadmium accumulates in fish may be as important as sources and exposure pathways.
Fish exposed to cadmium in their diet versus via water took up high cadmium burdens in the gut
versus gills, respectively, in addition to other target tissues such as kidney and liver (Chowdhury
et al. 2004; Harrison and Klaverkamp 1989; Szebedinszky et al. 2001). In the gills, cadmium
burdens can result from both dietary and waterborne cadmium exposure (Chowdhury et al. 2004;
Szebedinszky et al. 2001; Handy, 1996). Gill burdens alone therefore are not diagnostic of the
exposure route (Chowdhury et al. 2004). Even within the gut cadmium burdens vary, although
causation is not clear (and acclimation to cadmium may also impact burden and excretion
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(Chowdhury et al. 2004). Among the non-gut, internal tissues, cadmium accumulation from both
waterborne and dietary sources is greatest in the kidney and liver -- which are considered to be
most significant for cadmium metabolism and detoxification (Chowdhury et al. 2004; Harrison
and Klaverkamp 1989; Farag et al. 1994; Kraal et al. 1995; Szebedinszky et al. 2001). It appears
that muscle and the brain are protected tissues, accumulating only negligible levels of total and
new cadmium from both dietary and waterborne exposures (Chowdhury et al. 2004;
Szebedinszky et al. 2001; Chowdhury et al. 2003).

Hardness and pH

Ambient water quality criteria for cadmium (and chromium 111, copper, lead, nickel, silver, and
zinc) for the protection of aquatic life are based on water hardness. Fish incubated in higher
hardness water were about two times more resistant to cadmium toxicity than the fish incubated
in extremely soft water (Mebane et al. 2009). Fish are more sensitive to metals such as cadmium
and zinc that inhibit ion-regulation because of the energy demands required to maintain a
constant condition/homeostasis in lower hardness water (Mebane et al. 2009). To accurately test
the impacts of cadmium and other metals on fish, it is important that the role of hardness and
acclimation be evaluated (See Mebane et al. 2009).

Cadmium'’s acute toxicity decreases with increasing water hardness (Niyogi et al. 2008; Calamari
et al. 1980; Davies et al. 1993; Brinkman and Hansen 2007). Cadmium can compete with Ca®*
at the gill surface (Niyogi et al. 2008; see also McGeer et al. 2000). Little is known about the
effects of other potential competing ions, such as Mg?* or Na*, on cadmium accumulation and/or
toxicity in fish (Niyogi et al. 2008). For cadmium's impacts on fish, however, the concentration
of Ca has a greater influence than Mg (Hansen et al. 2002; Niyogi et al. 2008). The impacts of
water hardness on cadmium toxiciy needs further assessment and analysis because alkalinity co-
varied with hardness levels in many of the toxicity experiments (Niyogi et al. 2008). The results
from at least one study suggested that calcium and dissolved organic content in water are the
most protective factors against acute cadmium toxicity in freshwater fish, with calcium being the
more important of the two (Niyogi et al. 2008).

Water pH also influences the toxicity of cadmium but is not considered in ambient water quality
criteria (Hansen et al. 2002). As a result, water quality standards for a given location or stream
must also consider the fish species present, water quality, and life stages (See Hansen et al.
2002). The effects of pH on acute cadmium toxicity are largley unknown (Niyogi et al. 2008;
Playle et al. 1993). There are some indications that low pH may actually protect some fish
against acute cadmium toxicity (Niyogi et al. 2008). It is important to understand the effects of
pH independent of other surrogate variables (See Niyogi et al. 2008).

Cadmium and Fish Life Stage

Rainbow trout mortality from increased cadmium exposures appears to be lower for eggs or
alevins and higher for swim-up fry (Mebane et al. 2007; Chapman, 1978b; Van Leeuwen et al.
1985).* In many fish tests, the life stage at which the tests were started appears to have major

* The USFWS summarizes early fish life stages as follows (USFWS 2007): When a fish hatches from its egg, it is
called a yolk-sac fry, or alevins (because a tiny food supply - a sac of egg yolk - attached to its belly). Sac-fry stay
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impacts on the test results and measured fish sensitivity and responses (Mebane et al. 2007). In
other words, the life state at which the fish is exposed to contamination is an important factor in
the fish's response and survival. Because mining in the Bristol Bay region would likely occur
year-round, it will probably impact fish during all of their life stages - including those most
sensitive to cadmium impacts.

The increased sensitivity of swim-up fry to metals likely results from their increased rates of
respiration corresponding with the increased body activity as the fry turn from non-free-living
organisms into a free-living stage and have to capture food (Mebane et al. 2007). Much greater
water volumes move across gills to meet gas exchange needs in swim-up fry stage than sac fry
stage (Mebane et al. 2007, Van Leeuwen et al. 1985).

Life stage should be an important consideration for determining water quality impacts to fish
health and mortality. Acclimation to cadmium exposure does not imply or guarantee that fish
are “healthy.” Assessing actual health would require comparing the adapted population to a
population living in an uncontaminated/undegraded environment. Copper-sulfide mining near
Bristol Bay could adversely affect all freshwater life stages of salmon and all life stages of non-
salmon, especially Dolly Varden and rainbow trout, and their food chains. The future of Bristol
Bay fisheries requires adequate assessment of and protection from cadmium toxicity.

Sublethal Effects

Sublethal effects such as decreased growth, inhibited reproduction, and population alterations
may occur after chronic exposures and can be pronounced or probable when cadmium
concentrations exceed 3 [1g/L (30 mg CaCO4/L) in fresh water (Eisler 1985). However, some
studies have concluded that sublethal cadmium exposure did not reduce growth but did cause
alterations to appetite and metabolism (McGeer et al. 2001). Compared to pre-exposure
conditions, fish exposed to cadmium consumed less food to achieve the same growth rate
(McGeer et al. 2000). This is consistent with other studies that have observed hypoactivity from
exposure to certain metals, suggesting that reduced activity permitted a greater proportion of
consumed energy to be directed towards growth (McGeer et al. 2000; Wilson et al. 1994).
Therefore, a sensitive measure of chronic sublethal effects may be measurement of behavior,
particularly spontaneous and basal activity levels (McGeer et al. 2000). The comparison
between Eisler’s data and that of later studies suggests that further study is needed to ensure that
fisheries are adequately protected from cadmium’s sublethal toxicity.

Cadmium is an endocrine disrupter (Vetillard and Thierry Bailhache 2004). Cadmium has been
shown to interfere with the formation of steroids, eggs, and sperm, in rainbow trout, and it alters
hormone synthesis in testes. In carp (Cyprinus carpio) it inhibits steroid formation and ovarian
maturation (Vetillard and Thierry Bailhache 2004; see also Szczerbik et al. 2006). Extensive
(1.8 and 3.4 pg/L; see Brown et al. 1994°) cadmium exposure in trout causes delayed egg

in the protection of the gravel environment until the yolk is used up and are they are called “fry”. They swim to the
surface and gulp air to fill their swim bladders and begin to feed.

® Eggs obtained from rainbow trout exposed to 1.8 and 3.4 micrograms Cd liter-1 failed to develop to the fry stage.
Brown trout exposed to 9.3 and 29.1 micrograms Cd liter-1 appeared to suffer delayed egg formation, but the eggs
and fry that were produced developed normally after fertilization (Brown et al. 1994). Adult brown trout suffered
“considerable mortality” when exposed to 29.1 micrograms Cd (Brown et al. 1994).
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formation, and it has been shown to inhibit egg development into the fry stage (Vetillard and
Thierry Bailhache 2004; see also Szczerbik et al. 2006). Direct exposure of rainbow trout
embryos to cadmium induces premature hatching, mortality, and developmental abnormalities
(Vetillard and Thierry Bailhache 2004).

Exposures to low levels of cadmium can cause DNA damage and stress in common carp
(Cyprinus carpio var. color) (Jia et al. 2010). In Japan, Belgium, Sweden and China, cadmium
exposure has caused bone and reproductive cancer in general population groups (Nordberg
2006).

Cadmium: from Fish to Humans

Fish provide an important subsistence food source for many families and people in the Bristol
Bay watershed (See e.g. Krieg, et al, 2005). This is consistent with findings from the 1980s,
which concluded that subsistence fishing activities have a long-historic importance to the Bristol
Bay region; that fishing, hunting, gathering, and processing of wild resources are group activities
participated in by relatives and friends; and that subsistence products are widely shared within
and between communities (Wright, et al. 1985). Furthermore, fisheries-subsistence activities are
important expressions of, and mechanisms for, maintaining values such as kinship, community,
respect for elders, hospitality to visitors, and traditional ideological concepts (Wright, et al.
1985). In other words, there are multiple, complex values (e.g. ecological, social, cultural, health
and diet) associated with subsistence fisheries.

Cadmium and Human Health

e Cadmium has no known beneficial function in the human body.

e Cadmium accumulates in animal tissue, and its toxicity can increase as
accumulation increases.

e Cadmium causes cancer, birth defects, and genetic mutations.
The greatest cadmium concentrations are found in the kidneys and the liver.

e Urinary cadmium excretion is slow; however, it is the primary mechanism by which
the body eliminates cadmium.

e Due to slow excretion, cadmium accumulates in the body over a lifetime and its
biologic half-life may be up to 38 years.

(ATSDR Fact Sheet: http://www.atsdr.cadmiumc.gov/
csem/cadmium/cadmiumbiologic_fate.html)

For example, In the Kvichak River watershed of the Bristol Bay area, subsistence harvests of
non-salmon freshwater fish contributed substantially to the annual food supply for the area's
families (Krieg, et al. 2005). Moreover, the growth of a large, commercial, market economy
within the Bristol Bay region has not supplanted the traditional reliance upon local, wild
resources for subsistence use (Wright, et al. 1985). Historically in the lliamna subregion,
salmon, caribou, and moose made up from 75 to 90 percent of the pounds of food harvested for
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domestic use (Wright et al. 1985; Behnke 1982; Gasbarro and Utermohle 1974; Wolfe et al.
1984).

The potential for mining copper-sulfide ores in an area near Iliamna may bring many new
residents to the area, change access for recreational fishing, and create changing environmental
and socioeconomic conditions that might affect subsistence harvests (Krieg et al. 2005).°

Given the many changing environmental conditions observed in the Kvichak River watershed,
including those noted by local residents and failures of returns of sockeye salmon to that
drainage, detailed and long-term perspectives are necessary for a more complete understanding
of trends in fish populations and ecology (Krieg et al. 2005).

Consuming fish or other animals that have accumulated cadmium may pose a threat to human
health. In one study, cadmium concentrations in catfish muscle tissue increased with increasing
concentrations in their food (and significantly reduced fish growth) (Ruangsomboon and
Wongrat, 2006). The study further demonstrated that a low level of cadmium in water may not
indicate that fish living in those waters is safe for human consumption. The potential for mining
copper-sulfide ores in the Bristol Bay, such as near Iliamna, could increase the risk of
accumulation of cadmium in people who eat the contaminated fish.

Summary

The history of mining demonstrates that most if not all mines cause pollution - whether offsite or
onsite (see e.g. Kuipers and Maest 2006). Cadmium’s toxicity to freshwater fish can be altered
by water chemistry variables, such as alkalinity, hardness, and natural organic matter.

Cadmium could pose a large threat to fish in the Bristol Bay area, where impacts are either
unknown or reasonably likely because of Bristol Bay’s geology and the presence of cadmium in
rock that could be mined. Prior to permitting, mine proponents and regulators should evaluate
and clearly convey to the public the potential for acute and chronic impacts to aquatic life from
cadmium exposure. These evaluations should continue after mining commences.
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