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TECHNICAL MEMORANDUM

DATE 17 October 2016 REFERENCE No. 1411734-173-TM-Rev0-16000

TO Dale Reimer, General Manager
Mount Polley Mining Corporation

CC Elaine Irving and Jerry Vandenberg

Lilly_Cesh@golder.com;

FROM Lilly Cesh and Trish Miller EMAIL Trish_Miller@golder.com

DEVELOPMENT OF A MOLYBDENUM SCREENING VALUE FOR THE IMPACT ASSESSMENT

Golder Associates Ltd. is pleased to provide Mount Polley Mining Corporation with the following technical
memorandum describing the approach adopted to develop a screening value for molybdenum as a component of
the impact assessment in support of the permit amendment application for a long-term water discharge system
under the Environmental Management Act for Permit 11678 for the Mount Polley Mine (the Mine). The following
analysis is intended to support Operations and Closure planning for the Mine.

1.0 INTRODUCTION

Molybdenum is an essential trace metal required for adequate mammalian nutrition; however, high concentrations
in diet or drinking water can result in molybdenosis (Eisler 1989). Molybdenosis is a copper-deficiency disease,
which is caused by the depressing effect of molybdenum on the physiological availability of copper
(Erdmen et al. 1978). Ruminants, in particular cattle, have been shown to be the most sensitive mammals to
molybdenosis (Erdman et al. 1978; Ward 1978; Swain 1986; Eisler 1989). Symptoms of molybdenosis in cattle
are diarrhea, weight loss, depigmentation, reproductive impairment, alteration of endocrine and pituitary systems,
impaired immune function, fragile bones, and occasionally death (Anke et al. 2010; Swain 1986; Telfer et al. 2004).
Molybdenum related toxicity is more frequently observed in animals when the copper to molybdenum ratio in their
diet is low (Swain 1986).

The BC water quality criteria for molybdenum protective of livestock and wildlife water supply derived according to
rationale provided in Swain (1986) is not based on toxicological effects. Therefore, it is not a useful screening
value for evaluating the potential for effects on these receptors due to predicted changes in water quality. To
support the impact assessment, a screening value was developed based on a literature review of the toxicity of
molybdenum to livestock and wildlife focusing on exposure from drinking water. A summary of the results is
presented below.
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2.0 TOXICITY OF MOLYBDENUM IN DRINKING WATER TO LIVESTOCK AND
MAMMALIAN WILDLIFE

Available molybdenum toxicity data have been summarized by the US Fish and Wildlife Service (Eisler 1989). The
majority of the studies on effects of molybdenum to mammals have been conducted on livestock
(primarily cattle and sheep), and only one livestock study (Kincaid 1980) exposed the study animals to
molybdenum via drinking water. Kincaid (1980) exposed calves to 0, 1, 10, and 50 mg/L ammonium molybdenum
(less than 1, 1, 8, and 53 mg/L molybdenum) in drinking water for 21 days. Calves were fed a diet containing
0.29% sulfur, 13 mg/L copper, and less than 1 mg/L molybdenum. The study showed no effect on liver and plasma
copper levels, growth, or food and water consumption up to 10 mg/L ammonium molybdenum (Kincaid 1980).
Calves exposed to the highest dose (50 mg/L ammonium molybdenum) showed a shift in the copper distribution
in blood and copper bioavailability. The study concluded that toxic effects of molybdenum to calves exposed via
drinking water was at a concentration between 10 and 50 mg/L ammonium molybdenum (Kincaid 1980).
The US Fish and Wildlife Service proposed a molybdenum criteria for the protection of cattle (the most sensitive
mammal) exposed via drinking water of less than 10 mg/L based on the minimum toxic concentration between
10 and 50 mg/L for calves from the Kincaid (1980) study (Eisler 1989).

Toxicity data on molybdenum effects to mammalian wildlife is limited, although the available data suggest that
domestic livestock are at greater risk (Swain 1986; Eisler 1989). In addition, Swain (1986) suggested that wildlife
would be less susceptible to molybdenosis than livestock because wildlife are not confined to one area and will
forage from a variety of food sources. The most relevant exposure route for molybdenum uptake by wildlife
ruminants, such as deer and moose, is through their plant-based diet rather than directly via drinking water
(Swain 1986).

A mule deer (Odocoileus hemionus) study showed that this species was at least 10 times more tolerant to high
levels of dietary molybdenum than domestic ruminants (Nagy et al. 1975). Female mule deer showed no apparent
effects after 33 days on diets containing up to 200 mg Mo/day, or after 8 days at 1,000 mg Mo/day. Only slight
effects such as a reduction in food intake and some animals with diarrhea were observed at diets of 2,500 mg
Mo/day for 25 days (Nagy et al. 1975). Dietary concentrations of 5,000 and 7,500 mg Mo/day resulted in a
reduction in food intake; however, recovery began almost immediately once the animals were switched back to an
uncontaminated diet (Nagy et al. 1975).

3.0 PROPOSED SCREENING VALUE FOR MOLYBDENUM

Based on the available toxicity data for molybdenum discussed above, effects to livestock occur between 10 and
50 mg/L and effects to wildlife are at even higher molybdenum concentrations. As a result of this literature review,
the aquatic life 30-day guideline of 1 mg/L was compared to predicted concentrations at the initial dilution zone of
Quesnel and Bootjack Lakes. Based on the available information, this guideline was considered protective of other
receiving environment uses including potential effects on livestock and wildlife.
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4.0 CLOSURE

We trust that the information provided in this technical memorandum is sufficient for your present needs. If you
have any questions, please do not hesitate to contact the undersigned at (604) 296-4200.

GOLDER ASSOCIATES LTD.

S Gear

Lilly Cesh, MET, RPBio Trish Miller, MSc, RPBio
Environmental Scientist Associate, Senior Environmental Scientist
LC/TM/pn/kp

Attachment: Study Limitations
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STUDY LIMITATIONS

Golder Associates Ltd. (Golder) has prepared this document in a manner consistent with that level of care and
skill ordinarily exercised by members of the engineering and science professions currently practising under similar
conditions in the jurisdiction in which the services are provided, subject to the time limits and physical constraints
applicable to this document. No warranty, express or implied, is made.

This document, including all text, data, tables, plans, figures, drawings and other documents contained herein,
has been prepared by Golder for the sole benefit of Mount Polley Mining Corporation. It represents Golder’s
professional judgement based on the knowledge and information available at the time of completion. Golder is not
responsible for any unauthorized use or modification of this document. All third parties relying on this document
do so at their own risk.

The factual data, interpretations, suggestions, recommendations and opinions expressed in this document pertain
to the specific project, site conditions, design objective, development and purpose described to Golder by
Mount Polley Mining Corporation, and are not applicable to any other project or site location. In order to properly
understand the factual data, interpretations, suggestions, recommendations and opinions expressed in this
document, reference must be made to the entire document.

This document, including all text, data, tables, plans, figures, drawings and other documents contained herein, as
well as all electronic media prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder. Mount Polley Mining Corporation may make copies of the document in such quantities
as are reasonably necessary for those parties conducting business specifically related to the subject of this
document or in support of or in response to regulatory inquiries and proceedings. Electronic media is susceptible
to unauthorized modification, deterioration and incompatibility and therefore no party can rely solely on the
electronic media versions of this document.
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