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2021 AEMP Meliadine Mine

PLAIN LANGUAGE SUMMARY

Introduction

This document presents findings of the 2021 Aquatic Effects Monitoring Program (AEMP) for Agnico
Eagle’s Meliadine Gold Mine (the Mine) near Rankin Inlet, Nunavut. The AEMP is a requirement of the
Type A Water Licence (2AM-MEL-1631) and is the primary monitoring program used to evaluate short-
term and long-term effects of the mine on the aquatic environment. The AEMP was developed in
consultation with community and regulatory stakeholders and was designed around the Environmental
Effects Monitoring (EEM) program. EEM is an effluent monitoring program designed to evaluate the
adequacy of the Metal and Diamond Mining Effluent Regulations (MDMER) governing the discharge of
mining effluent to aquatic receiving environments. Biological studies are conducted every three years to
assess the health of fish and benthic invertebrates living in Meliadine Lake. There is considerable overlap
between the AEMP and EEM, but the scope of the AEMP goes beyond what is required under EEM to
include additional study areas for fish and benthic invertebrate community monitoring in Meliadine Lake

and monitoring for contaminants in fish tissue that may affect useability of the fishery.

The AEMP is conducted in two areas near the mine: Meliadine Lake and three lakes near the mine that
are collectively referred to as the Peninsula Lakes. The Meliadine Lake and Peninsula Lakes studies share
similar methods and approaches to monitoring, but differ with respect to the scope and frequency of
monitoring due to the dominant pathways of exposure and potential impacts to the aquatic

environment.

e Meliadine Lake is the receiving environment for surface contact water collected at the mine. The
study area was selected based on the spatial extent of effects predicted in the Final Environmental
Impact Statement (FEIS), concerns raised about potential downstream effects, and requirements
under the federal MDMER EEM requirements. The core components of the Meliadine Lake study
include annual water quality and phytoplankton community monitoring. Changes in sediment
chemistry, benthic invertebrate communities, fish health, and fish tissue chemistry are monitored

on a 3-year cycle coinciding with the EEM program.

e Peninsula Lakes — Three small lakes close to the mine are included in the AEMP to monitor changes
caused by non-point source discharges such as dust, aerial emissions, and changes in water flow
caused by development of the mine. The Peninsula Lakes study currently applies to Lake A8, Lake
B7, and Lake D7 and focuses exclusively on monitoring changes in water quality. Biological studies

may be undertaken if changes in water quality approach levels that may be harmful for aquatic life.

To help focus the decision-making process, key questions (Table ES-1) were developed as a way of

evaluating mine-related changes to the aquatic environment.
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Table ES-1. Key Questions for the Meliadine Lake and Peninsula Lakes Studies
Component Key Questions

Meliadine Lake

Water Quality

Are concentrations of key parameters in effluent less than limits specified in the Water
Licence?

Has water quality in the exposure areas changed over time, relative to
reference/baseline areas?

Is water quality consistent with predictions in the FEIS and below guidelines to protect
aquatic life and human health?

Phytoplankton
Community

Is the phytoplankton community affected by potential mine-related changes in water
quality in Meliadine Lake?

Benthic Invertebrate
Community

Is the benthic invertebrate community affected by potential mine-related changes in
water and sediment quality in Meliadine Lake?

Fish Health

Is fish health affected by changes in water and sediment quality in Meliadine Lake?

Fish Tissue Chemistry

Are tissue metal concentrations in fish from Meliadine Lake increasing due to mining
activities?

Peninsula Lakes

Water Quality

Is water quality consistent with predictions in the FEIS and below guidelines to protect
aquatic life and human health?

Has water quality in the exposure areas changed over time, relative to baseline
conditions?

Overview of Aquatic Monitoring Studies in 2021

The scope of the 2021 AEMP for Meliadine Lake included water quality monitoring, a phytoplankton

study, sediment chemistry and benthic invertebrate community monitoring, small-bodied fish and Lake

Trout population surveys, and a fish tissue chemistry study. The scope of the Peninsula Lakes study

focused on monitoring changes in water quality in Lake A8, Lake B7, and Lake D7.

Fish population and benthic invertebrate community studies conducted for the AEMP were harmonized

with biological monitoring for the Cycle 2 EEM program where possible. However, the two studies have

distinct requirements, and for this reason, the results are delivered in separate reports rather thanin a
harmonized report. An overview of the 2021 AEMP and Cycle 2 EEM is provided in Table ES-2.
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Table ES-2.

Overview of the 2021 AEMP and Cycle 2 EEM Program

Component

2021 AEMP

Cycle 2 EEM

Meliadine Lake

Effluent Quality

(Throughout the
discharge period July
to October)

- Weekly chemistry and acute toxicity testing using Rainbow Trout and Daphnia magna

effluent discharged to Meliadine Lake

- Chronic toxicity tests in August and September on an aquatic plant (Lemna minor),
aquatic invertebrates (D. magna and Hyalella azteca), and fish (Fathead Minnow)
- A plume delineation survey in the east basin of Meliadine Lake (August)

Water Quality

(March, July, August,
September)

- Limnology profiles and water samples collected for chemistry
- 1 winter sampling event at the near-field area (MEL-01) and MF area (MEL-02)
- Monthly sampling during the open-water period at MEL-01, MEL-02 and reference

areas in Meliadine Lake

Phytoplankton
(August)

- Assess differences in primary

productivity among exposure and
reference areas

- Not required

Benthic Invertebrates
& Sediment Chemistry

(August)

- Assess differences in benthic

invertebrate community metrics among
the exposure (MEL-01 and MEL-02) and
reference areas (MEL-03 and MEL-05)

- MF area MEL-02 is not included in the
Cycle 2 EEM

Threespine - Compare survival, growth, and condition |- Same study as the AEMP, plus an
Stickleback Health of unparasitized fish at the exposure additional study on survival, growth,
Assessment area (MEL-01) compared to reference and condition of parasitized Threespine
(August) areas (MEL-03 and MEL-04) Stickleback

Threespine - Compare metals concentrations in - Not required

Stickleback Chemistry
(August)

Threespine Stickleback (carcass)
between exposure and reference areas
and over time

Lake Trout Health
(August)

- Assess changes in survival, growth,

condition in Lake Trout collected in
Meliadine Lake in 2021 compared to
baseline

- Compare survival, growth, condition in
Lake Trout from Meliadine Lake against
two reference lakes sampled in 2021
(Peter Lake and Atulik Lake)

Lake Trout Chemistry

- Compare metals concentrations in Lake

Trout caught in 2021 from Meliadine
Lake with Lake Trout caught before the
mine was built

- Not required

Peninsula Lakes

Water Quality
(July, August)

- Limnology profiles and water samples

collected for chemistry

- 3 lakes: Lake A8, Lake B7, and D7

- Not required

A AZIMUTH



2021 AEMP Meliadine Mine

Meliadine Lake Water Quality

Water sampling is conducted in Meliadine Lake each year to verify that the mine is operating as planned
and not causing changes in water quality that has the potential to impact the health of fish and other
aquatic life, or affect people’s ability to use Meliadine Lake for drinking water or fishing. The Key

guestions for the Meliadine Lake water quality monitoring program are outlined in Table ES-1.

Effluent Quality

The mine discharged effluent (contact water) to Meliadine Lake from mid-July through early October.
During this period, effluent was collected weekly and submitted for chemistry analysis. Toxicity tests
were also conducted on Rainbow Trout and an aquatic invertebrate, Daphnia magna. Chemistry results
were compared against limits in the Water Licence, and there were no exceedances in 2021. No effects

to Rainbow Trout and D. magna survival were noted in any of the weekly tests conducted in 2021.

Chronic (sublethal) toxicity tests were conducted in August and September to determine if effluent has
the potential to affect growth of aquatic plants (Lemna minor), growth and survival of aquatic
invertebrates (D. magna and Hyalella azteca), and growth and survival of fish (Fathead Minnow). The
August and September chronic toxicity tests confirmed that full-strength effluent discharged to
Meliadine Lake does not affect survival and growth for fish and aquatic invertebrates. Minor effects to L.
minor growth, as indicated by frond yield, were observed in the August and September tests. However,
no effects were observed for biomass, which is a more relevant endpoint for assessing impacts to

primary productivity.

The August plume delineation survey showed effluent present at concentrations above 1% throughout
most of the near-field study area around the diffuser. Effluent was well-mixed in most areas as indicated
by uniform conductivity readings throughout the water column. The plume extended as far as the esker
to the north of the diffuser and approximately 1,300 m, to the northwest. Effluent concentrations
between 2% and 3% were noted as far as 400 m to the SE of the diffuser. The plume appeared to
migrate in a northwest to southeast direction in a relatively confined area, likely due to the influence of
the northwesterly winds that occurred in late August. The prevailing pattern of water flow in the east

basin on an annual basis is from the southeast to northwest.

Water Quality

Results from the 2021 AEMP confirm that the concentrations of some parameters have changed in
Meliadine Lake coinciding with discharge of effluent to Meliadine Lake. The change in water quality is
most evident in higher concentrations of some major ions, such as calcium, sodium, magnesium, and
chloride in the east basin of Meliadine Lake. Other parameters that have increased in the east basin

since the baseline and pre-construction period include arsenic, strontium, and uranium. The changes in
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water quality in 2021 for total dissolved solids (TDS) are well within what was predicted in the FEIS and
in the water quality model that was updated in 2020 as part of the Emergency Amendment.
Furthermore, concentrations were measured at levels well below guidelines associated with adverse

effects to aquatic life or health-based guidelines to protect drinking water quality.

Peninsula Lakes Water Quality

Water quality monitoring at the Peninsula Lakes (Lake A8, Lake B7, and Lake D7) was completed twice in
July and August to evaluate whether non-point source discharges (i.e., dust, or alteration of watersheds)

are affecting water quality beyond the minor changes that were predicted in the FEIS.

Results from 2021 indicate some parameters have increased relative to the baseline period consistent
with timing and magnitude of changes predicted during the permitting phase. Importantly, the spatial
extent of potential non-point source mine-related changes to water quality in lakes on the peninsula
appear to be localized to the lakes near the mine, and do not extend farther out to Lake D7. The current
strategy for water and waste management, combined with on-going efforts to control dust, will help

keep water quality within the range of minor changes predicted in the FEIS.

Phytoplankton Community

Phytoplankton, or algae, form the base of the aquatic food web, providing energy and nutrients for
various aquatic invertebrates that are important sources of food for fish. A phytoplankton study is
conducted annually in August at the near-field, MF, and reference areas to help understand if water

discharged to Meliadine Lake is affecting the health of phytoplankton community.

Species richness — or the number of taxa — was within the range of results reported during the pre-
construction and operations phases in the exposure and reference areas. Results from 2020 were lower
across all stations, and the lake-wide increase in richness across all areas in 2021 highlights the inherent

seasonal and annual variability in the phytoplankton community.

Chlorophyll-a trended higher at the near-field and MF exposure areas in 2021 compared to previous
years. The pattern of change at MEL-01 and MEL-02 diverged from the reference areas where
chlorophyll-a remained stable relative to previous years. Historically, chlorophyll-a concentrations in the
near-field exposure area measured between 1 pg/L and 2.5 pg/L, whereas in 2021, concentrations were
between 2.5 pg/L and 3.3 pg/L. Phytoplankton biomass was also slightly higher in the near-field area in

2021, although compared to chlorophyll-a, the year-over-year change was less evident.

The phytoplankton community in the east basin has consistently differed from other areas of Meliadine
Lake dating back to the start of monitoring under the AEMP in 2015. The pattern of higher chlorophyll-a
and biomass suggest the east basin may be becoming more productive over time, but whether this

change is natural or related to mining activities is unclear. Discharge of effluent has resulted in higher
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loading for some nutrients, in particular nitrogen. However, concentrations of phosphorus and nitrogen
parameters have not increased appreciably over time in the east basin. Overall, any minor change in
nutrient concentrations in the near-field area aligns with predicted changes in the Water Licence
Application that stated nutrient concentrations would increase relative to baseline, but there would be

no adverse effects on aquatic life.

Benthic Invertebrate Community

Benthic invertebrates serve several important ecosystem functions and are an important food source for
fish. Benthic macroinvertebrates provide insight into changes in water and sediment quality given their
life history. Characterizing the benthic invertebrate community also provides insight into the overall
health of the lake ecosystem. Benthic invertebrate community and supporting sediment chemistry
sampling was conducted at the two exposure areas (MEL-01 and MEL-02) and reference areas MEL-03
and MEL-05.

Sediment Chemistry

Sediment was collected to characterize the physical habitat and concentrations of metals in each area.
Habitat characteristics such as water depth, grain size, and organic carbon influence the composition
and abundance of the benthic invertebrate community. Sampling locations were established in areas
that had similar habitat characteristics to avoid the confounding effect of grain size and total organic
carbon (TOC) when assessing differences in the benthic invertebrate communities among the exposure

and reference areas.

Concentrations of arsenic, manganese, and strontium were higher in sediment collected in the east
basin in 2021 compared to 2018. Concentrations of some metals in sediment — arsenic and manganese
in particular — can vary significantly over small distances in lakes located in mineralized areas. For
example, the highest measured concentration of arsenic in the east basin was 150 mg/kg in a sample
collected in 2016. Another sample, collected in the east basin during the same sampling event had a 5-
fold lower concentration of arsenic (30 mg/kg). The apparent increase observed between 2021 and 2018
is likely related to naturally variable concentrations of some metals in the east basin of Meliadine Lake.
Absolute concentrations of metals in sediment do not pose a risk to the health of the benthic

invertebrate community.
Benthic Invertebrate Community

The 2021 sampling program found that the density of benthic invertebrates was higher at all locations
sampled in Meliadine Lake relative to previous sampling years, and that most of the increase in total
density was due to an increase in the density of chironomid (non-biting midge). The next most abundant
taxa have been Mollusca (clams), particularly genera of the family Sphaeriidae (fingernail clams).

Oligochaete worms and gastropods (snails) are also relatively common in the lake sediments.
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The increase in invertebrate density was observed both in areas near the mine and in reference areas
and is unlikely to be related to effluent discharged to Meliadine Lake. The structure of the benthic
invertebrate communities was similar in both reference and exposure areas and were typical of
northern lakes. In summary, there was no evidence to suggest discharge of effluent to Meliadine Lake is
adversely affecting the structure of the benthic invertebrate community in the east basin. Routine

monitoring is scheduled for 2024 on the existing 3-year cycle.

Threespine Stickleback

Threespine Stickleback was the small-bodied sentinel fish species used for the AEMP as well as the Cycle
2 EEM study. Unlike Lake Trout that migrate throughout the entire lake, Threespine Stickleback have a
small home range, which makes them well-suited for monitoring the health of fish exposed to effluent
discharged to the east basin of Meliadine Lake. Threespine Stickleback were collected from the near-

field exposure area (< 200 m from the diffuser) and reference areas MEL-03 and MEL-04.
Health Assessment

Measurements were collected from each fish (e.g., total length, total weight, liver weight, age). These
measurements were compared among areas to determine if the health of the Threespine Stickleback
population in the east basin is impacted by exposure to effluent discharged to Meliadine Lake. Mature
females from the exposure area were very similar to mature females from the two reference areas.
Mature males from the exposure area were older, larger, and heavier than the mature males collected
at the two other reference locations. The condition of the male fish at the exposure area was similar to
the condition of fish from the reference areas. Condition is a measure of energy use that describes the
weight of a fish relative to its length. Similar condition in Threespine Stickleback from exposure and
reference areas provides direct evidence that changes in primary productivity in the east basin, if it is

occurring, is not resulting in effects to Threespine Stickleback energy use.

The health of Threespine Stickleback in Meliadine Lake will continue to be monitored every three years
coinciding with the EEM program. Recommendations to improve the AEMP study design for Threespine

Stickleback will be developed after completion of the Cycle 2 interpretive report.
Chemistry

Tissue chemistry sampling of Threespine Stickleback was conducted in 2021 at the near-field area
(MEL-01) and two reference areas (MEL-03 and MEL-04). Threespine Stickleback were included in the
study design for fish tissue chemistry to determine if mining activity is affecting bioaccumulation of
metals into local fish populations. Historical data was collected in 2015 from the near-field exposure
area. References areas MEL-03 and MEL-04 were sampled in 2017. Tissue chemistry was analyzed for
spatial differences between MEL-01 and the reference areas in 2021. Temporal changes in tissue metals

concentrations were evaluated by comparing baseline chemistry results from MEL-01 in 2015 with
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results from MEL-01 in 2021. Higher concentrations of calcium, arsenic, manganese, strontium, and
uranium were observed in Threespine Stickleback from MEL-01 in 2021 compared to the reference areas
and compared to baseline tissue chemistry results from 2015. These parameters are constituents
present in water discharged from CP1 to Meliadine Lake. However, the observed change in tissue
chemistry for arsenic, strontium, and uranium may be partly related to natural changes in water quality

over time at MEL-01.

These changes in tissue chemistry do not appear to be causing any adverse effects to the Threespine
Stickleback. The detailed health assessment conducted in 2021 found no consistent adverse effects at
MEL-01 relative to MEL-03 and MEL-04. Further, the main differences identified were higher survival
and growth of males at MEL-01. Thus, while changes in tissue concentrations coincide with mining
activity have been observed, these changes do not appear to be causing any adverse effects to the

population of Threespine Stickleback living in the east basin of Meliadine Lake, near the mine.

The program is clearly sufficiently robust to detect changes/differences in tissue chemistry over time
and space. Given the lack of any adverse health effects to the local Threespine Stickleback population,

the timing of the next study is scheduled for 2024.

Lake Trout

Health Assessment

Lake Trout were collected from the exposure area near the effluent diffuser in Meliadine Lake in 2015,
prior to mine operations, and again in 2021, during operations. Measurements were collected from each
fish for fork length, total weight, liver weight, and age. These measurements were compared between
years to see if effluent was affecting the health of Lake Trout in Meliadine Lake. Lake Trout captured in
2021 were older, larger, and heavier than those captured in 2015, although these differences may be a
result of different types of fishing gear used between years. In 2021 Lake Trout also had higher
condition, relative liver size, and relative gonad size (males only) compared to 2015, which indicates
greater energy storage, and suggests greater availability, and/or quality of food for Lake Trout in
Meliadine Lake in 2021 compared to 2015. The Lake Trout data from Meliadine Lake will be compared to
two external reference lakes as part of the Cycle 2 EEM. The external reference area comparison will

help determine if the increases in energy storage over time are unique to Meliadine Lake.
Chemistry

Samples of liver, kidney, and muscle tissue were submitted for metals analysis from 42 Lake Trout
captured during the fish population survey in Meliadine Lake in 2021. Chemistry results from 2021 were
compared against chemistry data from the baseline period in 1997/1998 and 2015 to determine if Lake

Trout are accumulating metals present in effluent discharged to Meliadine Lake.
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Sodium was the only parameter that was detected at higher concentrations in Lake Trout muscle, liver,
and kidney in 2021 compared to Lake Trout from the baseline period —1997/98 and 2015. Sodium is an
essential mineral, and together with potassium, helps maintain a healthy ion balance. Sodium uptake is
actively regulated at the gill to prevent net loss of sodium from the fish to the surrounding low TDS
environment. From a fish health perspective, the apparent increase in sodium does not appear to be
causing any adverse effects to fish condition, as noted in the health assessment. Lake Trout from two
reference lakes were submitted for analysis as part of a regional assessment of Lake Trout tissue
chemistry. Those data may be incorporated into the next study on changes in tissue chemistry in Lake

Trout from Meliadine Lake tentatively planned for 2024.

Key Messages

e Discharge of contact water to Meliadine Lake has contributed to higher concentrations of some

major ions, nutrients, and metals in surface water in the east basin of Meliadine Lake over time.
e Changes in water quality in the east basin align with what was predicted in the FEIS.
e Water quality is below Action Levels meant to protect aquatic life and drinking water quality.

e The east basin of Meliadine Lake may be becoming more productive, although there is a high
degree of uncertainty due to the inherent variability in chlorophyll-a and phytoplankton community

endpoints.

e The benthic invertebrate community in the east basin is diverse and healthy compared to baseline
conditions and reference areas despite higher concentrations of some metals in sediment, namely

arsenic and manganese, measured in the east basin in 2021.

e Threespine Stickleback living in the east basin of Meliadine Lake show evidence of being more
exposed to metals found in effluent, such as arsenic, manganese, strontium, and uranium. There is

no evidence of effects to survival, growth, or energy use consistent with toxicological impairment.

e The Lake Trout had higher condition, relative liver size, and relative gonad size (males only) in 2021
compared to 2015. This suggests greater energy storage, which in turn suggests greater availability,
and/or quality of food for Lake Trout in Meliadine Lake. It is unclear if the differences observed in
Lake Trout endpoints are attributable to mining activities or natural variability. Comparisons

against external reference areas as part of the Cycle 2 EEM will answer this question.

Based on the results of the 2021 AEMP, no follow-up actions beyond routine monitoring are

recommended in 2022.
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