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EXECUTIVE SUMMARY

The Mary River Project, owned and operated by Baffinland Iron Mines Corporation (Baffinland),
is a high-grade iron ore mining operation located in the Qikigtani Region of northern Baffin
Island, Nunavut. Open pit mining, including pit bench development, ore haulage and stockpiling,
and the crushing and screening of high-grade iron ore, commenced at the Mary River Project
in mid-September 2014. During early years of mine operation (i.e., 2015 to 2017), the Project
produced and transported up to 4.2 million tonnes per annum (Mtpa) of crushed and screened
iron ore. Production increased between 2018 and 2024, during which time the Project was
permitted to produce and transport up to 6 Mtpa to Milne Port. A proposal was made to double
production to 12 Mt per year as part of the Phase Il expansion, the review process for which
involved extensive consultation with neighboring communities including Mittimatalik (Pond Inlet).
During discussions with the community of Pond Inlet, the overall health of arctic charr
(Salvelinus alpinus) within the freshwater environment was raised, as charr are culturally and
nutritionally significant to Inuit. From these discussions, a requirement was included in the
Baffinland Iron Mines Corporation Project Certificate (i.e., Condition 48(a)) that stipulated a plan
be developed to evaluate the health of arctic charr in Milne Inlet as part of the Milne Inlet
Freshwater Fish Health Monitoring Program (the Program). The project has since reverted back
to the original Early Revenue Phase permitted amount of 4.2 Mtpa.

This report and its findings, in concert with its appended components including documentation of
consultation and partnership with the Mittimatalik Hunters and Trappers Organization (MHTO),
and all monitoring data pertaining to the presence and health of arctic charr in lakes within the
watershed proximal to the mine, tote road, and Milne Inlet Port project development areas,
satisfies Condition 48(a) of the Project Certificate. It was designed in coordination with the
community to monitor the health of arctic charr populations proximate to Baffinland’s
Milne-Port Operations. Field sampling in 2024 represented the third year of data collection for
the program, with sampling also completed in 2021 and 2022 by Minnow Environmental Inc.
(Minnow) in collaboration with community members from the MHTO, the Qikigtani
Inuit Association (QlIA), and the Hamlet of Pond Inlet. Qurluktuk and lkaluit lakes were sampled
in 2024; however, due to weather constraints, sampling was not conducted at Tugaat Lake
(previously sampled in 2021 and 2022).

Water collected from the littoral zones of both study lakes during August 2024 indicated that
concentrations of all assessed analytes were below Canadian Water Quality Guidelines for the
Protection of Aquatic Life. Aqueous total mercury was below detection limits (<0.000026 mg/L)
in both lakes. Based on water chemistry, each lake is classified as oligotrophic, which is common
for Arctic lakes.
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Arctic charr were caught by gillnetting from the two study lakes in 2024. Consistent with previous
years, arctic charr was the only fish species captured in both Qurluktuk Lake (n = 39)
and lkaluit Lake (n = 37). Despite Qurluktuk Lake having a slightly higher total catch,
catch-per-unit-effort (CPUE) was greater in Ikaluit Lake (11.4 fish/100 metre/hour [m-hr],
compared to 0.74 fish/100 m-hr). CPUE in Ikaluit Lake was higher and CPUE in Qurluktuk Lake
was lower in 2024 compared to 2022 (i.e., 1.00 fish/100 m-hr and
4.53 fish/100 m-hr, respectively), likely attributable to factors such as weather, net set locations,
time of day of sampling, and annual climate variability.

In 2021 and 2022, the life history strategy of captured arctic charr was assumed based on
growth patterns (i.e., resident fish were older-at-size indicating slower growth). To expand on the
assessment of life history strategy in 2024, otolith microchemistry was completed on 20 arctic
charr from Qurluktuk Lake using laser ablation. Of the otoliths analyzed, 19 individuals displayed
an anadromous life history strategy (i.e., migration to the marine environment at least once),
while only one individual exhibited a resident life history (i.e., no evidence of marine migration).
Age-at-first marine migration among anadromous individuals ranged from three to 14 years, with
an average age of nine years. The number of resident individuals captured from Qurluktuk Lake
was lower in 2024 than in 2022 (i.e., one vs. six), assuming residents were accurately identified
using growth patterns in 2022.

In 2024, Inuit team members had to depart prior to the processing of all fish. Minnow biologists
applied Inuit Qaujimajatugangit (IQ), as shared by experienced hunters and trappers to classify
fish life history strategy by visual assessments to compare with otolith microchemistry results.
Through visual assessment, 12 out of 20 fish were identified as residents, however, none of these
matched the resident individual identified by otolith microchemistry analysis. Inaccuracy in
classification by visual assessments was considered to be influenced by the absence of Inuit
collaborators to support incorporation of 1Q into visual assessments during fish processing, in
addition to handling effects on fish prior to assessment (e.g., phenotypic changes due to freezing
and thawing).

Life history strategy classifications were determined from the otolith microchemistry for fish
classification in subsequent analyses. The single resident fish identified in Qurluktuk Lake was
not included in the health analyses in 2024 since the sex was undetermined; however, it was
included in the tissue analysis.

Female arctic charr from Qurluktuk Lake were older, longer, and heavier than those sampled from
Ikaluit Lake in 2024. The single male fish sampled from Qurluktuk Lake, was within the range of
age, body weight, and length of male fish sampled from Ikaluit Lake in 2024.
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Growth (i.e., length-at-age) of female arctic charr was higher in Qurluktuk Lake than lkaluit Lake
in 2024, which is inconsistent with results from 2022 where a larger proportion of individuals in
Qurluktuk Lake exhibited a resident life history in 2022 (i.e., six suspected residents in 2022
versus one in 2024). Energy storage endpoints were assessed in 2024, where relative liver weight
was significantly lower in female Qurluktuk Lake charr compared to lkaluit Lake but there was no
significant difference in body condition (i.e., weight-at-length). Weight-at-age and relative gonad
weight, were both significantly greater in females from Qurluktuk Lake than Ikaluit Lake in 2024.
Female artic charr from Qurluktuk Lake expended more energy on reproductive tissues
(i.e., higher relative gonad weight), diverting it from storage in the liver (i.e., lower relative
liver weight).

Temporal trends in health endpoints in Qurluktuk Lake were compared across the three
post-mining sampling years and pre-mining literature data. While some metrics such as length
and body condition were higher in recent years, confounding factors, particularly the varying ratios
of anadromous to resident individuals, limit definitive conclusions. Data from Ikaluit Lake
(2022 to 2024) showed no significant differences in female health indicators and only a minor
difference in male body condition, suggesting stable conditions.

Mercury concentrations in fish muscle and liver tissue from both lakes were generally below
Health Canada consumption guidelines (i.e., 0.5 mg/kg ww), with only one liver sample, from the
resident individual, from Qurluktuk Lake exceeding the limit. Fewer mercury guideline
exceedances were observed in fish tissues from Qurluktuk Lake in 2024 than in previous years,
where there were several muscle and liver samples above the guideline, all from fish that were
assumed to demonstrate resident life histories. These findings are consistent with the literature
about the influence of life history on mercury concentrations in arctic charr, which indicates that
anadromous individuals are typically faster growing than their resident counterparts, and
consequently have lower tissue mercury concentrations (i.e., growth dilution). As in 2022, mean
mercury concentrations were higher in the tissues of Qurluktuk fish than lkaluit fish. Iron naturally
occurs in fish tissues and the concentrations in fish tissues from both lakes were within safe
dietary limits and consistent with the nutritional information provided by Health Canada, such that
consumption of several kilograms of fish would be required to exceed the Health Canada
recommendation of a daily upper limit of iron intake of 45 mg/day (2023). Arsenic (in its non-toxic
arsenobetaine form), cadmium, copper, and selenium exceeded Health Canada benchmarks in
some tissue samples, but reflect natural conditions in the study lakes and are considered a
product of the local geochemistry and fish physiology.

The 2024 Program built on previous years’ efforts to evaluate the health of arctic charr populations
in lakes near Baffinland’s Milne Port Operations. Overall, findings suggest that charr populations
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are healthy, with fish health endpoints generally within expected natural ranges compared to
historical data and contaminant concentrations in fish tissues below Health Canada guidelines.
Observed variations between lakes and over time are likely attributable to natural ecological
differences, including differences in life history strategies. This study fulfills Condition 48(a) of the
Project Certificate and reflects meaningful collaboration with community partners, including
the MHTO. The findings of the 2024 Milne Inlet Freshwater Fish Health Monitoring Program in
concert with results from previous years, indicate that fish health, tissue contaminants, and water
quality remain stable and within previously observed ranges, with no consistent patterns of
change pre or post-mining.

Given the lack of consistent patterns and the slow-growing nature of arctic charr, if future sampling
is conducted it would fall on a triennial basis rather than annually. This frequency would maintain
effective long-term monitoring while reducing the intensity of field efforts and unnecessary
harvesting and is in alignment with Federal Environmental Effects Monitoring timelines.
Results from the Milne Inlet Freshwater Fish Health Program will be presented to determine a
path forward for potential future monitoring in alignment with the perspectives of the MHTO
and Baffinland.
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1 INTRODUCTION

1.1 Project Background

The Mary River Project, owned and operated by Baffinland Iron Mines Corporation (Baffinland),
is a high-grade iron ore mining operation located in the Qikigtani Region of northern Baffin
Island, Nunavut (Figure 1.1). Open pit mining, including pit bench development, ore haulage and
stockpiling, and the crushing and screening of high-grade iron ore, commenced at the Mary River
Project in mid-September 2014. Crushed and screened ore is transported by truck to Milne Port,
which is located approximately 100 kilometres (km) north of the mine site. At Milne Port, the ore
is stockpiled before being loaded onto bulk carrier ships for transport to international markets
during the summer ice-free period. No milling or additional ore processing is conducted on-site,
and thus no tailings are produced at the Mary River Project. All waste rock generated at the
Project is deposited at a waste rock stockpile facility at the mine site. During early years of
mine operation (i.e., 2015 to 2017), the Project produced and transported up to 4.2 million tonnes
per annum (Mtpa) of crushed and screened iron ore. Production increased between 2018 and
2024, during which time the Project was permitted to produce and transport up to 6 Mtpa to
Milne Port.

In 2018, a proposal was made to double production to 12 Mt per year as part of the Phase I
expansion, the review process for which involved extensive consultation with neighboring
communities including Mittimatalik (Pond Inlet). This proposal was denied in November 2022 by
the Federal Minister; however, engagement associated with this process continued with the local
communities and hunters and trappers. Part of the original expansion review process involved
extensive consultation with neighboring communities, including Mittimatalik (Pond Inlet).
During discussions with the community of Pond Inlet (Appendix A), the overall health of
arctic charr (Salvelinus alpinus) within the freshwater environment proximal to Milne Port was
raised as a concern, as charr are culturally and nutritionally significant to Inuit. From these
discussions a requirement of Baffinland Iron Mines Corporation (Baffinland) was added to the
Project Certificate, which stipulated a plan be developed for a Milne Inlet Freshwater Fish
Health Program.

The Milne Inlet Freshwater Fish Health Program (the Program) serves to satisfy Term
and Condition 48(a) of the Project Certificate for the Baffinland Mary River Project.
Condition 48(a) of the Project Certificate stipulates that “the Proponent shall develop plans to
conduct additional surveys for the presence of arctic charr in freshwater bodies and ongoing
monitoring of arctic charr health where applicable, within watersheds proximal to the mine, tote
road, and Milne Inlet Port project development areas, including but not limited to Phillips Creek,
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Tugaat Lake and Qurluktuk Lake. The Proponent shall consult with the Mittimatalik Hunters and
Trappers Organization (MHTO) regarding the design, timing, and location of the proposed surveys

and ongoing monitoring.”
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1.2 Monitoring Background
1.21 Arctic Charr

Arctic charr (Photo 1.1) are culturally and nutritionally significant to Inuit, and are widely distributed
across the Arctic, occupying the most northerly range of any freshwater fish species (Scott and
Crossman 1973). Arctic charr can exhibit one of three life history strategies: landlocked, resident,
and migratory/anadromous (Power 2008). Landlocked charr inhabit in lakes where there is no
access to the marine environment. In contrast, resident charr have access to the marine
environment but choose not to migrate, while anadromous (i.e., searun, migratory) have access
to the marine environment and undertake seasonal migrations during the open water period.
All lakes included in the Program have access to the marine environment. For the purposes of
this report a ‘resident’ charr refers to an individual that has never migrated to the marine
environment, while an ‘anadromous’ charr refers to an individual that has migrated at least once’.
They are elongate members of the Salmonidae family, with an average length between 381
and 457 mm (Scott and Crossman 1973). There is substantial variability in arctic charr colour,
ranging from silver to a vibrant orange, especially during spawning. Charr typically spawn in
September or October, coinciding with the return of anadromous individuals to the
freshwater environment. Spawning occurs in freshwater, over gravel or on rocky shoals in lakes
or in deep river pools. Male fish establish and guard territories, while females prepare the nest.
Typically, anadromous females produce between 3,000 and 5,000 eggs and spawn every two to
three years (see Roux et al. 2011).

1.2.2 Program Development

Following the requirements of Condition 48(a) in the Project Certificate, Baffinland initiated the
Program in January 2021. A proposed study design was developed to assess the health of arctic
charr in lakes near Milne Inlet that were identified as significant by the community (i.e., Tugaat
and Qurluktuk lakes; Figure 1.1; Appendix A). This design was presented for feedback during
the first community engagement meeting of the program on February 18, 2021 (Appendix A).
The meeting was held virtually between Baffinland, Minnow Environmental Inc. (Minnow),
and the MHTO (Appendix A). The goal of that meeting was to gather comments specifically on
study objectives, sampling locations, and design. The primary outcomes from this
meeting included:

» the addition of Ikaluit Lake to the program (Figure 1.1);

' Arctic charr life history is plastic; individuals may exhibit a resident life history for many years and then shift to a
migratory life history.

I
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» the expression of interest in the mercury and iron concentrations in charr tissue
from study lakes from a consumption/human health perspective; and

< the refinement of the proposed program objectives and study design.

Although mercury is not a contaminant associated with mining, hauling, shipping, or dust
generation from the mine, it is a global pollutant which comes to the Arctic through long range
air transport. Mercury bio accumulates through the food web and so has been identified as a
contaminant of concern in the Arctic. Following conversations with the MHTO the study approach
was established such that the Tugaat River (Tugaat Lake; Figure 1.1, Photo 1.2), the Ikaluit River
(Ikaluit Lake; Figure 1.1, Photo 1.3), and the Robertson River (Qurluktuk Lake; Figure 1.1,
Photo 1.4) would be sampled to assess arctic charr health.

1.2.3 Study Areas

Tugaat Lake (surface area = 0.33 km?; Figure 1.1) represents a widening of the Tugaat River
which flows into Milne Inlet approximately 120 km southwest of the community of Pond Inlet and
provides critical overwintering habitat for the Tugaat River population of arctic charr.
A waterfall upstream of Tugaat Lake (Figure 1.1) acts as a migration barrier to/from the larger
lakes present upstream in the watershed (DFO 2004). A mark-recapture study undertaken in
1980 indicated that the population was being over-exploited. Subsequently, Fisheries and
Oceans Canada (DFO) and the MHTO decided to decrease the yearly arctic charr quota in 1985
from 1,400 kg to 1,000 kg, and in 1993, it was recommended that the commercial fishery be
closed, and, since then, records indicate a recovery of the population (DFO 2004). The MHTO
maintains two cabins on the shores of Tugaat Lake for subsistence fishing.

Ikaluit Lake is an oblong lake (surface area = ~9.1 km?; Figure 1.1) approximately 90 km
southwest of Pond Inlet that flows into Tay Sound via the lkaluit River. The lake has been an
important area for commercial and subsistence fishing since the 1960’s. An assessment of the
commercial harvest in 1989 revealed that the stock was not overexploited at the time of the
survey, and a provisional quota of 2,300 kg was recommended (DFO 1998).

Qurluktuk Lake is a large lake (surface area = ~93.8 km?; Figure 1.1) located northwest of
Baffinland’s Milne Port Operations that flows into Koluktoo Bay. The lake is the largest in the
watershed and provides important overwintering habitat for the Robertson River arctic
charr population. Prior to 1978, a commercial fishery existed on the Robertson River with an
annual harvest quota of 4,536 kg; however, at the time of a 1979 report, it was revealed that a
decision had been made by the Inuit of Pond Inlet to leave this area primarily to sport fishing, and
to concentrate their subsistence fishing efforts to the Tugaat River fishery (DFO 1979).
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1.2.4 Final Study Design

The final study design targeted the three lakes identified during consultation, which were to be
sampled in late summer (August). Supporting water and sediment samples from the lakes were
to be collected concurrently. A target sample size of 40 arctic charr per lake (i.e., 20 males,
20 females) was established prior to the survey. Arctic charr were to be collected using gillnets,
dispatched in the field, and transferred to the mine site for processing. In addition to standard
measurements, aging structures (i.e., otoliths and pectoral fin rays) and tissues (i.e., muscle
and liver) were to be collected for aging and metals analysis, respectively. Health endpoints of
interest were to include:

e length-frequency distribution;

e age-frequency distribution;

e age;

« fork length;

e body weight;

e length-at-age (i.e., growth);

e weight-at-age (i.e., growth); and
e condition.

1.2.5 2021 Summary

The 2021 field collection took place on August 16 and 17 in Tugaat Lake and August 18 and 19
in Qurluktuk Lake with a representative of the Qikigtani Inuit Association [QIA]),
two representatives from Minnow, and one representative from the community of Pond Inlet.
Due to unsafe helicopter travel conditions related to weather, lkaluit Lake was not sampled
in 2021.

Arctic charr were captured using bottom-set gillnets (102 mm and 127 mm [i.e., 4” and 5”]
mesh; 45 m in length) which were deployed in a non-randomized design, targeting areas of the
lake which were familiar to the representative from Pond Inlet. In Tugaat Lake, 46 fish were
captured, eight of which were juveniles and released alive upon removal from nets. In total, eight
net sets were deployed and catch-per-unit-effort (CPUE) for these net sets ranged from 0
to 17.50 fish/hour. Of the 38 adult fish retained, 11 were female, 24 were male, and three were
undeveloped adults (Minnow 2023). In Qurluktuk Lake, 39 fish were captured, of which 15 were
juveniles and released upon removal from the nets. Catch rates were comparatively lower in
Qurluktuk Lake than Tugaat Lake, with CPUE ranging from 0 to 2.32 fish/hour. Of the 24 adult

. —
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charr that were collected from Qurluktuk Lake, 7 were female, 13 were male, and 4 were
undeveloped adults (Minnow 2023).

Health indicators (i.e., survival, body size, energy usage, energy storage) were calculated
separately for males and females and spatially compared between Qurluktuk and Tugaat lakes.
Briefly, both males and females sampled from Qurluktuk Lake were older, longer, and heavier
than those collected from Tugaat Lake, while relative gonad weight for both males and females
sampled in Tugaat Lake were greater than from those collected in Qurluktuk Lake. Differences in
relative egg weight and fecundity for females sampled across waterbodies were not significant,
nor were differences in condition for either males or females (Minnow 2023).

Fish tissue analysis was also undertaken on a subset of sampled arctic charr, focused particularly
on mercury concentrations in muscle and liver tissues as they relate to safe consumption
guidelines, and compared spatially between lakes. Analyses revealed that mean concentrations
of mercury in muscle and liver tissue of arctic charr from both lakes were below the Health Canada
consumption guideline of 0.5 mg/kg wet weight (Minnow 2023). Further, mercury concentrations
in both muscle and liver tissue from charr collected from Qurluktuk Lake were greater than from
those collected from Tugaat Lake, though this was not surprising given the observed differences
in age and size of charr between the lakes (i.e., charr from Qurluktuk Lake were larger and older
than charr from Tugaat Lake; Minnow 2023).

1.2.6 2022 Summary

Field collection took place between August 19 and 24 in Tugaat, Qurluktuk, and Ikaluit lakes.
Sampling efforts were completed by representatives from Pond Inlet, the MHTO, and the QIA as
well as two representatives from Baffinland, and two representatives from Minnow.

Arctic charr were captured using bottom-set gillnets (102 mm and 127 mm [i.e., 4” and 5”]
mesh; 45 m in length ) which were deployed in a non-randomized design, targeting areas of the
lakes which were familiar to the community elder and MHTO representative, who pointed out
inuksuit indicating rich fishing areas.

In 2022, total catch was greatest in in Tugaat Lake (n = 93), followed by Qurluktuk Lake (n = 57),
and lkaluit Lake (n = 40; Minnow 2023). However, CPUE was the highest in lkaluit Lake
(4.53 fish/100 m*hr) followed Tugaat Lake (1.75 fish/100 fish/100 m*hr) then Qurluktuk Lake
(1.00 fish/100 m*hr; Minnow 2023).

Growth as represented by either total body weight or fork length relative to age, suggested that
there are mixed sub-populations of resident and anadromous individuals co-existing in the study
lakes, a common structure in arctic charr populations (Young et al. 2021). As such, pooled
analysis comprising individuals of different life history strategies, such as the Qurluktuk
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Lake sample (which featured six older, likely resident individuals) produced unrealistic statistical
trends such as negative growth relationships.

Arctic charr captured in lIkaluit Lake, especially males, were significantly longer and heavier
(mean = 58.5 cm and 2,385 g) than charr captured in either Qurluktuk Lake (mean = 51.8 cm
and 1,424 g) or Tugaat Lake (mean = 46.7 cm and 1156 g). Charr captured in Ikaluit Lake were
also younger on average than charr captured in Qurluktuk Lake, and males had higher growth
rates suggesting a greater proportion of the lkaluit charr were anadromous. Arctic charr captured
in Tugaat Lake were significantly younger than charr captured in either of the other study lakes.

Energy storage varied greatly within and between lakes, indicating that charr within the area do
not spawn yearly (Dutil 1986), have different life history strategies (resident vs anadromous),
and/or that migration/spawning timing relative to sampling timing may be different among the
study lakes. Condition in male charr was not significantly different between lakes in 2022;
however, females were significantly heavier at length in Tugaat Lake compared to both Qurluktuk
and lkaluit lakes and significantly heavier at length in Qurluktuk Lake compared to Ikaluit Lake.

Temporal trends for both Qurluktuk and Tugaat lakes indicated that both male and female arctic
charr sampled in 2022 were significantly younger, shorter, and lighter than charr described in the
historical data. Growth varied significantly depending on the years and sexes compared;
however, the 2022 and 2021 data for males and the 2022 data for females from Qurluktuk Lake
and 2022 data for males in Tugaat Lake indicated that condition was significantly greater
(heavier at length) than those from historic sampling events.

For all lakes, mean mercury concentration in muscle tissue was below Health Canada's Human
Health consumption guideline for fish (0.5 mg/kg dw; CFIA 2015), and across lakes was highest
in Qurluktuk Lake, followed by lkaluit Lake and then Tugaat Lake. Total mercury concentrations
in arctic charr muscle relative to length demonstrate a relationship of increasing mercury
concentrations with size/age and individuals identified as likely to be resident arctic charr in 2022
(characterized by slower growth rates) in Qurluktuk Lake also had the highest concentrations of
mercury of all sampled fish. Although no consumption guideline exist for iron concentrations in
fish tissue, Health Canada does recommend fish as a good natural source of iron with a daily
upper limit of iron intake of 45 mg/day (2023). The iron concentrations in both muscle and liver
tissues reported were well below this limit, assuming a standard serving size of 75 g.

1.3 2024 Objectives

Following engagement with project partners, Inuit community members, and the MHTO, program
objectives were reviewed, and the following primary objectives were identified for 2024:

1. collect fish health samples from all three study lakes;
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2. continue to assess status of fish health in the chosen study lakes for comparison in
future studies;

3. continue to compare fish health from before and after the initiation of mining operations in
lakes proximal to the mine, tote road, and Milne Inlet Port identified as significant by
community partners;

4. continue to monitor fish tissue metal concentrations, specifically iron and mercury as
identified by MHTO;

5. complete an assessment of arctic charr life history in Qurluktuk Lake to elucidate sub-
populations and improve interpretation of fish health endpoint results; and,

6. continue to engage with the MHTO regarding the results, design, timing, and location
of monitoring.
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2 METHODS

2.1 General Overview

The Program was designed to monitor the health of arctic charr populations proximate to
Baffinland’s Milne Port Operations as identified by the local community. The 2024 program
included assessment of water quality, and collection and sampling adult arctic charr for fish
health endpoints?. Sampling was conducted within two lakes? in 2024 that are situated along
river systems that flow into Milne Inlet, including Qurluktuk Lake (QURL) and Ikaluit Lake (IQLL)
lakes (Figure 1.1). Sampling was completed by Minnow in collaboration with community
members from the MHTO, the QIA, and the Hamlet of Pond Inlet. The study was implemented
from August 26 to 28, 2024 (Appendix Photos E.1 to E.5).

2.2 Field Program Safety

Prior to the first field day, the team reviewed the Job Hazard Analysis (JHA) and discussed
planned fishing locations and techniques. All lakes were accessed via helicopter from the Milne
Port Site.

Field safety was a priority for this program, and several precautionary measures were
implemented during the field study to maintain safety of the field crew and address potential
safety incidents. For example, during sampling at each lake, a second boat and motor was
stationed at the shore together with a second set of crew members in the event of any mechanical
and/or safety issues (e.g., man overboard, or capsizing) with the primary sampling
vessel/crew members. Each vessel was also ouftfitted with a boat safety kit that, in addition to
standard boat safety items, included survival gear that could be used in the event of an inability
to depart from the sampling area for an extended period (e.g., >24 hours). All personnel wore
personal floatation devices on the water, and the team had at least two modes of communication
(e.g., radio, InReach, or satellite phone) for check-ins and emergency communication with
Baffinland personnel at the mine site and/or port facility. No field-related injuries or safety
incidents occurred throughout the duration of the field program.

2 The Program has previously included sediment sampling; however, this was deemed unnecessary for the 2024 study
due to low sediment accumulation rates in these lakes.

3 The study design included a third study lake (Tugaat Lake); however, weather conditions for helicopter transport were
unfavorable for the duration of the program, and teams were unable to make it to all three lakes. Ikaluit and Qurluktuk
lakes were prioritized because there was only one year of prior data from lkaluit Lake, and there was a proposed
additional research question (i.e., elucidation of sub-population life histories) for investigation at Qurluktuk Lake.

L —
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23 Water Chemistry Data Collection
2.3.1 Sample Collection and Laboratory Analysis

One set of water chemistry samples was collected from each of Qurluktuk and lkaluit lakes in
2024 concurrent with fish sampling (Figures 2.1 and 2.2). Water samples were collected below
the water surface, to avoid capturing floating material. At each study location, water was filled by
hand directly into pre-labelled sample bottles. For samples requiring preservation, chemical
preservatives were added to the samples before capping the bottles, or for sample bottles that
were pre-dosed with chemical preservatives, the bottle was filled using a sample transferred from
a separate bottle. Following collection, water chemistry samples were placed into coolers in the
field and held at 4°C at the Mary River Milne Port and/or Mine Site prior to shipment to the
analytical laboratory.

Water chemistry samples were shipped on ice to ALS Environmental (ALS; Waterloo, Ontario)
for analysis of pH, conductivity, hardness, total suspended solids (TSS), total dissolved solids
(TDS), anions (alkalinity, bromide, chloride, sulphate), nutrients (ammonia, nitrate, nitrite, total
Kjeldahl nitrogen [TKN], total phosphorus), dissolved and total organic carbon (DOC and
TOC, respectively), mercury, total and dissolved metals, and phenols using standard
laboratory methods.* The laboratories operated by ALS are accredited by the Canadian
Association for Laboratory Accreditation Inc. The water chemistry sample shipment was
accompanied by a chain-of-custody (COC) form, a list of expected expected Laboratory
Reporting Limits (LRLs), and laboratory quality assurance/quality control (QA/QC) requirements.

2.3.2 Data Analysis

Following lab analysis, water quality data were electronically tabulated and subjected to internal
data quality review (DQR) protocols to ensure data of appropriate quality for use and interpretation
(Appendix B). Water chemistry data were compared to applicable water quality guidelines
(WQG), including the Canadian Water Quality Guidelines (CWQG; CCME 1999, 2022) or, for
parameters with no CWQG, the most conservative (i.e., lowest) criterion available from
established Ontario Provincial Water Quality Objectives (PWQO; OMOEE 1994) or British
Columbia Water Quality Guidelines (BCWQG; BCMOE 2006, 2022). Water quality guidelines are
abbreviated simply as ‘WQG’ in this report, although some of the values presented may represent
water quality ‘objectives.” For WQGs that are hardness dependent, the hardness of the individual

4 The analytical methods used by ALS are developed using internationally recognized reference methods (where
available), such as those published by the United States Environmental Protection Agency, American Public Health
Association Standard Methods, ASTM International, International Organization for Standards, Environment Canada,
British Columbia Ministry of Environment (BCENV), and Ontario Ministry of Environment.
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sample was used to calculate the WQG for the specific parameter according to
established formulae.

2.4 Fish Data Collection
2.4.1 Overview

The primary purpose of the fish collection component of the Program was to collect tissue
(i.e., muscle and liver), aging structures (i.e., sagittal otoliths and pectoral fin),
and microchemistry samples (i.e., otoliths), as well as morphometric (i.e., length and weight)
and biological (i.e., sex and maturity) data to provide information on the population, age, and
metal concentrations in tissue of fish being consumed by local Inuit communities. The target
sample size for the study was a total of 40 arctic charr (20 female and 20 male) collected from
each study lake. Fish sampling was conducted using gill nets under a Fisheries and
Oceans Canada (DFO) License to Collect Fish for Scientific Purposes (License no.
S-24/25-1060-NU; Appendix F).

2.4.2 Sample Collection

Gill netting was the sole method used to capture arctic charr for the 2024 study. Consistent with
previous work, fishing was conducted using 45 m nets with 102 mm and 127 mm mesh (i.e., 4”
and 5”) length. Gill nets were deployed for approximately one and 24 hour durations®. Gill nets
were shore-set® at the bottom of the lakes. Sampling locations were chosen based on habitat
characteristics preferred by the target species (i.e., presence of gravel, cobble, and/or boulders
and near inlet and outlets of the lake) and prior site knowledge provided by MHTO (Figures 2.1
and 2.2). Upon retrieval of each gill net, all captured fish” were carefully removed, identified,
and enumerated. This program targeted adult arctic charr (i.e., individuals > 35 cm) and would
typically involve the release of juveniles and/or other bycatch; however, following the wishes of
Inuit team members, no captured fish were released®. A maximum of 40 individual arctic charr
(20 female and 20 male) from each lake were euthanized by a decisive blow to the head and
retained for detailed assessment. For each gill net set, information including date, duration
of sampling (set and lift time), sampling depth, Global Positioning System (GPS)
Universal Transverse Mercator (UTM) coordinates, and habitat notes were recorded.

5 Teams began with one hour sets in each waterbody to gauge productivity before moving on to longer set times.
6 Setting nets from shore was the suggestion of the MHTO representative based on experience fishing in these lakes.
7 Arctic charr is the only identified large-bodied fish species in the study lakes.

8 While no fish were intentionally released, there were instances where juvenile fish escaped during removal from the
net.
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2.4.3 Sample Processing

Adult arctic charr (i.e., >35 cm) that were euthanized and retained for sampling were placed in a
cooler in the field and later transferred to a fridge and/or freezer at Milne Port or the Mary River
Mine Site for storage until processing could be completed. Fish processing was generally
completed the day following sampling, or as soon as possible. Processing
included photographing (Appendix Photos D.1 to D.58), measurement of total and fork lengths to
the nearest millimetre (mm) using a standard measuring board, and measurement of total body
weight using appropriately sized Pesola™ spring scales (e.g., 500 g, 1,000 g, 5,000 g, 10,000 g).
The scale was selected so that the weight of the fish was near the top of the scale’s range to
ensure a measurement resolution near 1%. Clean implements (cutting boards, filet knives,
and tweezers) were used for each fish dissection. Upon the opening of the body cavity with a
ventral incision, sex was assigned, gonads and liver tissue were removed from each fish and
weighed to the nearest milligram (mg) using an analytical balance with a surrounding draft shield.
A skinless, boneless muscle fillet sample was also collected. After tissue samples were removed
from the fish and weights were taken, liver, and muscle tissue samples were individually placed
in pre-labeled WhirlPak™ bags and stored in a freezer at the Mary River Mine Site until shipment
to an analytical laboratory. Age structures (i.e., sagittal otoliths and pectoral fins) were removed
from each fish, wrapped in waxed paper, and placed inside a pre-labeled envelope. Once all
measurements, tissue collections, and observations were complete, the remaining carcass and
any other tissue separated from the fish during dissection were discarded.

2.4.4 Laboratory Analysis
2.441 Tissue Chemistry

Upon completion of the field study, fish tissue (liver and muscle) from the subsample of fish for
tissue chemistry analysis was shipped frozen (on ice) to ALS (Waterloo, Ontario). The tissue
chemistry sample shipment was accompanied by a COC, a list of expected LRLs, and laboratory
QA/QC requirements (Appendix B). At the laboratory, the samples were freeze-dried prior to
analysis to allow reporting of parameter concentrations on a wet and dry weight basis. The tissue
chemistry samples were analyzed for metal, non-metal, and metalloid parameters typically
included in a Collision Reaction Cell Inductively Coupled Plasma Mass Spectrometry
(CRC ICPMS) scan, as well as percent moisture. Mercury was measured by Cold Vapour-Atomic
Absorption Spectroscopy (CVAAS).

2.4.4.2 Age Determination

Aging structures were shipped frozen (on ice) to North/South Consultants Incorporated
(North/South; Winnipeg, Manitoba) for determination of fish ages. For fish sampled from
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Qurluktuk Lake, one otolith was retained for microchemical analyses, while the other (if recovered)
was used for aging. A COC was included with the shipment. At the laboratory, otoliths were the
primary aging structure used and were prepared by cleaning and embedding them in epoxy.
After the epoxy cured overnight, the otoliths were sectioned using a diamond-blade saw set to
low speed. Each otolith was mounted on a glass slide using a mounting medium and examined
under a compound microscope using transmitted light to determine fish age. For each structure,
the age and edge condition were recorded along with a confidence rating for the age
determination. A secondary age reading was completed by another individual from the lab for
internal QA/QC purposes to ensure accuracy (see Appendix B).

2.4.4.3 Otolith Microchemistry

Sagittal otoliths were extracted from all adult arctic charr collected from Qurluktuk Lake, one
otolith from each fish was placed in 1 mL plastic cryovials for shipment to
TrichAnalytics Incorporated (Trich; Victoria, British Columbia). Upon arrival, each otolith was
cleaned with distilled water and embedded in epoxy within plastic base molds
(dimensions: 5 mm x 5§ mm x 15 mm). Once cured overnight, the epoxy blocks were sectioned
through the otolith core and polished using a series of lapping papers from coarse to fine grit to
achieve a uniform surface. Final polishing was completed using a 0.25 pm diamond suspension
on a polishing pad to remove fine surface scratches. Otoliths were then mounted on microscope
slides using double-sided tape and placed in the laser ablation chamber.

Elemental analyses were performed using laser ablation inductively coupled plasma
mass spectrometry (LA-ICP-MS). Each otolith was analyzed along a single ablation transect
(i.e., edge to core to edge, where possible) using standardized laser settings (i.e., 40% power,
20 Hz repetition rate, 5 um/s scan speed, and a 30 pym spot size). Pre-ablation images were
taken to document otolith positioning, and post-ablation images were captured to align with the
elemental data (Appendix Photos D.59 to D.78). The laser transects proceeded from left to right
in accordance with post-ablation images.

Otoliths were analyzed for “Li, 2*Mg, %°Mn, %Zn, 8Sr, and '¥’Ba, which were corrected to 40% Ca
(or 400,000 ppm Ca), to account for variation in ablation yield. Changes in elemental
concentrations along the ablation line were used to infer life history traits (see Section 2.4.6).

Each sample set was bracketed by multiple ablations (i.e., >3) of National Institute of Standards
and Technology (NIST) SRM 612, a certified silicate glass reference material provided by the
National Institute of Standards and Technology. Blanks were not run between samples; instead,
the background counts per second were measured during the first 10 seconds of each run and
used to calculate detection limits based on a signal-to-noise ratio of 3.
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245 Collection of IQ and Knowledge Blending

The project’s Inuit partners are experienced hunters and trappers, who can determine the recent
migration history of arctic charr using various visual (e.g., body colour and shape and flesh colour)
and other sensory cues (e.g., taste and smell). When they were present during fish collection
and processing, they indicated which fish were searun or resident noting features such as
colouration and body shape of the fish®. Charr that have recently migrated from the marine
environment typically display a silvery colour and a more muscular or lean body shape
(Photo 2.1), although the duration for which these characteristics are retained following migration
back to freshwater is. During the spawning season (i.e., September and/or October),
searun charr undergo a morphological transformation, displaying brighter colours.
Accordingly, the timing of collection is important to interpret visual cues that indicate recent
migration history. Additionally, since Artic charr can complete multiple migrations throughout their
lives and do not necessarily migrate every year (Scott and Crossman 1973), visual cues may not
be informative of whether an individual has migrated in the past.

2.4.6 Data Analysis

Fish catch data were electronically tabulated and subjected to internal QA/QC procedures for
accuracy of the data entry. Fish catch data for the study areas were summarized according to
total catch and total CPUE for each lake. Gill netting CPUE was calculated as the number of fish
captured per 100 m*hr-1 of net deployed as follows:

CPUE = No. of fish captured / ((Fishing Time [hr]* (Net Length [m])) / 100)

For arctic charr endpoints (age, body length, and weight) summary statistics, including sample
size, mean, standard deviation, standard error, minimum, median, and maximum,
were calculated.

Statistical analysis differed depending on the endpoint of interest, and included comparison of
measures of central tendency, examination of frequency distribution, analysis of variance, and
analysis of covariance. All statistical comparisons between areas were tested at a significance
level of a = 0.1 using R version 4.2.2. Magnitude of Difference (MOD) was calculated using the
following equation:

MCT ,—MCTg
MCTg

MOD (%) = X 100% (Equation 1),

where MCTa and MCTg are the measures of central tendency for a given area and/or year.

9 Due to flight schedules between Mary River and Pond Inlet, the Inuit team members had to return home prior to the
processing of the fish from Qurluktuk Lake in 2024, so the designations were completed by Minnow and Baffinland,
based on the qualitative descriptors they provided.
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Statistical comparisons of endpoints without a covariate (e.g., fork length) were conducted using
a one-way analysis of variance (ANOVA) if the assumptions of normality and homogeneity of
variances were met. The assumptions were tested using a Shapiro-Wilk’s Test and Levene’s
test, respectively at a = 0.05. Data were logio-transformed as necessary to meet assumptions.
When the assumption of normality was met but not the assumption of homogeneity of variances,
a t-test for unequal variances was used (Ruxton 2006). In cases where both assumptions were
not met, analysis was conducted using a Kruskal-Wallis test. Post-hoc comparisons were
conducted using Tukey-adjusted p-values for all pairwise contrasts. For each comparison, the
magnitude of difference was calculated with Equation 1 using means for untransformed data,
geometric means for logi-transformed data and medians for non-parametric tests.
Each endpoint was plotted with a boxplot.

Statistical comparisons of endpoints with a covariate (e.g., condition) were conducted
using Analysis of Covariance (ANCOVA) with logi-transformed data. Data was visually
inspected to confirm sufficient overlap of the covariate between areas. If necessary, analysis was
conducted on the entire dataset and a subset of the dataset with sufficient overlap.
Statistical outliers were defined as observations with Studentized residuals with magnitude > 4
(Environment Canada 2012). Statistical analyses were reported for comparisons with and without
the outliers to assess the influence of the outlier on statistical significance and the magnitude
of difference. Significant interactions between the area and the covariate (i.e., the assumption of
homogeneity of regression slopes between areas) in the ANCOVA were assessed using a = 0.05.
When the interaction term was significant, the coefficients of determination (R?) of the interaction
model and parallel slope model were compared to assess whether the slopes were
practically significant. If the R? was > 0.8 and within 0.02 between the two models the interaction
model and parallel slope models were considered practically the same
(Environment Canada 2012) and the ANCOVA proceeded with the parallel slope model.
When the interaction could not be removed by comparison of R? values the interaction model
was selected. When the interaction model was selected, the magnitude of difference was
calculated separately using predicted means at the minimum and maximum values of the overlap
in covariate values between areas. When the interaction term was not significant, the interaction
term was removed from the model and the parallel slope ANCOVA model was fit. Magnitude of
difference was then calculated using the adjusted mean at the mean covariate value. When the
covariate was not a significant predictor of the response variable in the parallel slope ANCOVA
model the analysis proceeded as described above for endpoints without a covariate.
For meaningful interpretation, the covariate in an ANCOVA model should be spread across
many values. For covariates with discrete values, such as age, this is not always possible.
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In ANCOVA models where age was used as a covariate and had limited variability (e.g., <3
age groups), an ANOVA at each age class was conducted instead.

A power analysis to estimate minimum detectable difference (MDD) using a=f=0.1 was conducted
for each endpoint using either the coefficient of variation (pooled standard deviation divided by
reference mean) for untransformed data or the pooled standard deviation of regression residuals
for log+o-transformed data and reported as a percentage difference relative to the reference mean.
The MDD percentage was reported as both a percentage increase, and a percentage decrease
because MDD differs with respect to the direction of logi-transformed measures. The MDD
calculations for the Mann-Whitney (M-W) test were estimated based on a two-sample t-test using
sample sizes multiplied by 0.864. The 0.864 value is the lower bound of the asymptotic relative
efficiency of the Mann-Whitney test and the two-sample t-test (Hodges and Lehmann 1956).
Using the same approach, the minimum sample sizes needed to detect percent differences
ranging from negative to positive 100% were calculated. The estimated sample sizes were
divided by 0.864 for non-parametric tests.

Upon receipt of laboratory results (i.e., water chemistry, tissue metals, aging, and
otolith microchemistry), a data quality review (DQR) was performed. This included the
assessment of field precision, laboratory precision, and laboratory accuracy against data
quality objectives (DQOs) established at the outset of the project (Appendix B). A minimum of
10% of the analyses represented quality control samples. In instances where the DQR revealed
potential issues with data quality, results were verified with the laboratory and corrective
measures were taken if necessary. Data collected for the Program in 2024 were of acceptable
quality as characterized by appropriate LRLs, good detectability, negligible analyte concentration
in method blank samples, good laboratory precision, and good laboratory accuracy (see Appendix
B for details).

Concentrations of metals in edible muscle tissue were screened against relevant benchmarks
(Table 2.1). Spatial differences in mercury and iron tissue concentrations' were examined using
similar methods as those described above. Briefly, ANCOVA with logio-transformed data was
used, as length is commonly a significant covariate in fish metals analysis with
logio-transformed data. Data was visually inspected to confirm sufficient overlap of the covariate
between areas. If necessary, analysis was conducted on the entire dataset and a subset of the
dataset with sufficient overlap. Statistical outliers were defined as observations with Studentized
residuals with magnitude >4 (Environment Canada 2012). Statistical analyses were reported for

10 Mercury and iron were chosen as these were identified by the community during consultation (Appendix A).
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comparisons with and without the outliers to assess the influence of the outlier on statistical
significance and the magnitude of difference.

The otolith microchemistry data were used to designate individuals from Qurluktuk Lake as either
resident or anadromous. Elemental profiles were plotted and visually examined for rapid changes
in element concentration ratios across the otolith transect (Appendix Figures D.1 to D.20).
Fish age was estimated by manually enumerating seasonal peaks in Ca-corrected %*Mn and %6Zn,
which are known to fluctuate annually (e.g., Halden et al. 2000). Life history strategy was inferred
by examining changes in 8Sr profiles. Water strontium concentrations are typically higher in the
marine environment compared to freshwater, therefore anadromous individuals show a period
of steady #Sr followed by a sudden increase or peak, followed by peaks representing seasonal
migrations, whereas resident individuals display steady 88Sr across the entire otolith transect
(Brown and Severin 2009). For example, Figure 2.3 shows #Sr and %Zn profiles overlaid on the
post-ablation photograph of a 14-year-old anadromous arctic charr. This individual first migrated
to the marine environment at age 8, as indicated by the initial increase in 88Sr, followed by six
distinct marine migration-associated 88Sr peaks. Fourteen seasonal peaks in 66Zn correspond to
the estimated age of the fish.

2.4.7 Historical Data Comparisons

The initial step required for the historical data analysis included extraction of historical fish
measurements from DFO reports (i.e., Moshenko 1981, Read 2004)'. Summary information
presented in the DFO reports (i.e., mean length and weight for various size and age intervals)
was reviewed, and for any intervals that included a single individual or two individuals in which an
accompanying standard deviation was presented, individual age, fork length, and body weight
data were extracted for the comparative analyses (Appendix Tables D.1 and D.2).
Fish measurement data collected from both 2021, 2022, and 2024 were compared to information
from historical studies based on evaluation of plotted data and statistics using the methods
described above. Based on the information available from the historical reports, the endpoints
examined for the measurement data included fork length, body weight, growth
(i.e., length-at-age relationship), and/or condition (i.e., length-at-weight relationship).
These endpoints were analyzed separately for males and females in comparisons between data
collected in 2021, 2022, 2024, and historically to assess for adverse Project-related effects on
health arctic charr since the commencement of port operations. No historical fish tissue chemistry
data were available.

" Historical data for comparison to fish captured at Qurluktuk Lake in 2021, 2022, and 2024 were from charr captured
in the Robertson River in 1979, and thus could include charr that overwintered in waterbodies other than Qurluktuk
Lake.
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3 RESULTS

3.1 Water Chemistry

Water samples collected from the littoral zones of each of the study lakes during August 2024
revealed that all assessed analytes were below the Canadian Council of Ministers of
the Environment (CCME) guidelines. Total mercury was below detection limits (<0.000026 mg/L;
Appendix Table C.1) in both lakes. While total iron was below detection limits (<0.01 mg/L)
in Qurluktuk Lake, and detectable in lkaluit Lake (0.01 mg/L; Appendix Table C.1). Based on
water chemistry, each lake can be classified as oligotrophic, which is common for Arctic lakes.

3.2 Arctic Charr
3.2.1 Catch

Arctic charr was the only species captured in each of the study lakes (Appendix Table D.3).
Total catch was greater in Qurluktuk Lake (n = 39) than in lkaluit Lake (n = 37; Table 3.1).
However, CPUE was the higher in Ikaluit Lake (11.4 fish/100 m*hr) than in Qurluktuk Lake (0.74
fish/100 m*hr; Table 3.1). In 2024, CPUE was lower than in 2022 for Qurluktuk Lake, but higher
for Iqaluit Lake (Table 3.1, Appendix Table D.3); variability in CPUE can be attributed to many
things such as weather at the time of study, locations chosen for net deployment, the use of
overnight versus daytime sets, and inter-annual climatic factors (e.g., wet years versus dry years).

3.2.2 Life History Assessment

Variability in length-age relationships observed in arctic charr from Qurluktuk Lake in each of 2021
and 2022 suggested that the sampled fish likely represented both resident and
anadromous sub-populations. Specifically, a cluster of six individuals sampled in 2022 exhibited
notably slower growth, as indicated by their position on a length-at-age plot (Minnow 2023).
When all individuals were included in a single linear length-at-age regression, there was not a
good fit and the slope of the regression line was negative, contrary to expectations for
growing fish. However, when the data were partitioned to separate the slow-growing individuals
from the rest of the sample, both groups displayed positive length—age relationships with positive
slopes, indicating differing growth rates and life history strategies.

To determine the life history of sampled fish within Qurluktuk Lake, microchemistry of otoliths from
20 adult arctic charr sampled in 2024 were analyzed using LA-ICP-MS. Of the 20 fish, otolith
microchemistry results from 19 individuals showed #Sr:Ca ratios consistent with a migratory
life history (Figure 3.1, Appendix Figures D.1 through D.20). Specifically, the data revealed a
period of time, starting at emergence (represented by the distance from the otolith core)
where 88Sr:Ca ratios remained stable, followed by predictable distinct peaks in 88Sr:Ca ratios,
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indicating annual migrations to the marine environment (e.g., Figure 2.3). In contrast, the otolith
microchemistry results from a single fish (QURL_AC_09; Figure 3.1, Appendix Figure D.9)
exhibited consistently low and stable 8Sr:Ca ratios throughout its life, indicating that it never
migrated to the marine environment.

Age at first migration varied among the Qurluktuk Lake anadromous fish, with individuals
completing their first migration as early as three years old and as late as 14 years old (Figure 3.1).
The average age at first migration was nine years. Each of the anadromous fish migrated annually
following their first migration, based on the coupling of #Sr:.Ca and %Zn:Ca peaks
(Appendix Figures D.1 to D.8, D.10 to D.20).

The visual assessment of the charr based on 1Q designated 12 of 20 individuals as residents
(Appendix Table D.4). Notably, the IQ-based designated group of resident fish did not include
the individual designated as a resident using otolith microchemistry (Figure 3.1,
Appendix Table D.4). Lack of agreement between life history strategy determination methods is
likely a product of how the visual assessments were conducted. Inuit team members described
the characteristics of resident vs anadromous charr to the Minnow team members
(see Section 2.4.5), but unfortunately due to flight schedules, they had to leave site prior to the
processing of the fish from Qurluktuk Lake and were not present to contribute directly to
the designations. As such, the designations were made by Minnow and Baffinland staff
attempting to apply 1Q. Additionally, fish were frozen and thawed prior to processing, which can
cause phenotypic changes to |IQ-based indicators of recent marine migration (e.g., colour;
Ottestad et al. 2011). Given these factors, combined with the high quality of microchemistry data
and robustness of the method, the microchemical designations were used to assign fish as
resident or anadromous in further data analyses.

3.2.3 Health
3.2.3.1 2024 Results

In 2024, 20 adult arctic charr (1 male, 18 female, 1 of undetermined sex) from Qurluktuk Lake
and 37 adult arctic charr (7 male, 14 female, 16 undetermined sex) from Ikaluit Lake were
assessed for fish health endpoints (Table 3.2, Appendix Table D.4). Ages ranged from 8 to 25
years in Qurluktuk Lake and from 7 to 16 years in lkaluit Lake (Table 3.2). On average, female
charr from Qurluktuk Lake were older than those from lkaluit Lake, with median ages of 14 and
12 years, respectively. The single male charr from Qurluktuk Lake was 15 years old (Table 3.2).
Since only one male charr was captured from Qurluktuk Lake in 2024, spatial comparisons to
Ikaluit Lake and temporal comparisons to earlier sampling years in Qurluktuk Lake could not
be completed.
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Female arctic charr captured from Qurluktuk and Ikaluit lakes in 2024 ranged from 57 to 75 cm
and 46 to 60 cm in fork length, and from 1,591 to 4,350 g and 1,025 to 2,500 g in body weight,
Qurluktuk and lkaluit lakes, respectively (Figure 3.2, Table 3.2). Female arctic charr captured in
Qurluktuk Lake in 2024 were significantly longer and heavier than those captured in lkaluit Lake
(Figure 3.2, Appendix Table D.5). The single male arctic charr captured from Qurluktuk Lake had
a fork length of 61 cm and a body weight of 2,300 g, which were within the range of lkaluit Lake
male charr fork length (i.e., 49 to 64 cm) and body weight (i.e., 1,280 to 2,850 g; Table 3.2,
Appendix Table D.4).

The resident individual (i.e., QURL_AC_09), aged 18 years, was older than the median age for
Qurluktuk Lake fish, but was the shortest and lightest among adults from both lakes. This is
consistent with expectations, as resident individuals typically do not grow as large or as quickly
their anadromous counterparts (e.g., Swanson et al. 2011).

Gonad weight in female arctic charr ranged from 194 to 692 g in Qurluktuk Lake and from 6.3 to
303 g in Ikaluit Lake (Table 3.2). Liver weights ranged from 19 to 56 g and 14 to 52 g in Qurluktuk
and lkaluit lakes, respectively. The single male charr from Qurluktuk Lake had a gonad and liver
weights of 46 g and 23 g, respectively, both of which fell within the ranges observed for males
from lkaluit Lake (gonad weight range of 12 to 49 g; liver weight range of 1.5 to 102 g; Table 3.2).

Growth, as measured by fork length relative to age (length-at-age), was higher in Qurluktuk Lake
than in lkaluit Lake (Figure 3.2, Appendix Table D.5). Several factors can influence growth in
arctic charr, including water temperature, resource availability, and life history strategy
(Grenier and Tallman 2021). Assessment of anadromy based on IQ, indicated that the Ikaluit
Lake sampling included both resident and anadromous (i.e., six and 31, respectively;
Appendix Table D.3), which may have confounded growth comparisons. Further, two female fish
from lkaluit Lake exhibited length-at-age patterns (i.e., shorter-at-age), similar to the resident
charr excluded from the Qurluktuk Lake analysis (Figure 3.2); however, assessment of life history
strategies of lkaluit Lake fish have not been evaluated with supporting otolith
microchemical analysis.

Other energy use endpoints including weight-at-age and relative gonad weight were also both
significantly higher in females from Qurluktuk Lake than lkaluit Lake in 2024 (Figure 3.2,
Appendix Table D.5). In terms of energy storage, there was no significant difference in female
charr body condition (weight-at-length) between lakes in 2024; however, relative liver weight was
significantly higher in female charr from Ikaluit Lake than Qurluktuk Lake (Figure 3.2,
Appendix Table D.5). These differences in relative gonad weight (i.e., greater in Qurluktuk)
and liver weight (i.e., greater in lkaluit) likely reflect differing energy allocation strategies.
The data suggest that females from Qurluktuk Lake invested more energy into reproductive
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tissues, while females from lkaluit Lake stored more energy in the liver. This discrepancy may
result from differences in spawning timing between the lakes or variations in the proportion of
spawners sampled in 2024. Two distinct clusters are apparent in lkaluit Lake gonad weight
relative to body weight (Figure 3.2), suggesting a mix of spawning (higher relative gonad size)
and non spawning (lower relative gonad size) individuals, while only a single cluster was apparent
in Qurluktuk Lake (that followed a similar relationship of gonad to body weight as spawning
individuals in Ikaluit Lake; Figure 3.2).

3.2.3.2 Temporal Health Trends
3.2.3.2.1 Qurluktuk Lake

Life history strategy (i.e., anadromous vs. resident) can influence health endpoints such as growth
and condition. Otolith microchemistry analyses conducted on the 2024 samples confirmed the
presence of both resident and anadromous fish in Qurluktuk Lake. However, individuals from
previous years could not be definitively categorized as either resident or anadromous. As such,
fish exhibiting both life history strategies were included in the analysis. However, temporal trends
should be interpreted with caution given that the proportions of sampled fish exhibiting each life
history strategy appear to vary annually. For example, only one individual captured in 2024
exhibited a resident life history strategy (Figure 3.1), whereas based on length-age relationships,
at least six individuals captured in 2022 were considered likely to have exhibited a
resident strategy (Minnow 2023).

Female charr sampled in 2021 and 2024 were significantly heavier-at-age than those
sampled historically (i.e., prior to mining operations; Tables 3.2 and 3.3, Figure 3.3).
Additionally, female charr sampled in 2021, 2022, and 2024 had higher body condition
(i.e., heavier-at-length) than their historical counterparts (Table 3.3). However, since anadromous
fish typically exhibit better body condition than resident fish, the proportion of anadromous
individuals may represent a significant confounding factor. While some significant differences
were observed between contemporary (2021 to 2024) and historical samples for specific health
endpoints, no endpoint showed a consistent, significant difference across all three contemporary
years, except for higher body condition. Further, there were differences between contemporary
sampling years for some endpoints (e.g., length and weight), but these were not consistent across
years, suggesting that differences are a product of natural variability. Temporal comparisons of
male health endpoints were not conducted using 2024 data, as only one male was captured from
Qurluktuk Lake.
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3.2.3.2.2 lkaluit Lake

Publicly available historical (i.e., pre-mining operations) data for lkaluit Lake were not accessible,
so temporal comparisons could not be made between contemporary and historical fish
endpoint data. Comparison of health endpoints between 2022 and 2024 for female and
male charr (Table 3.4, Figures 3.4 and 3.5) indicated no significant differences between 2022 and
2024 in any female health endpoints (Table 3.4, Figure 3.4). There was a statistically significant
difference in male body condition between 2022 and 2024 in Ikaluit Lake where fish in 2024 had
lower condition than 2022 (Table 3.4, Figure 3.5). This difference was small
(Magnitude of Difference [MOD] = 7.4%) and represents natural variability.

3.2.3.2.3 Summary

Data collected both historically and during the current program include a mix of both resident and
anadromous arctic charr. While anthropogenic activities can affect fish health endpoints, the
differences in health endpoints observed between the historical and contemporary
sampling periods, are likely due to methodological changes (e.g., changes in gill net size and
sampling location) and/or sample bias (e.g., ratio of resident and anadromous fish).
Additionally, the historical data used for comparison with Qurluktuk Lake in 2021, 2022, and 2024,
were collected from the Robertson River, which connects Qurluktuk Lake to Milne Inlet. It is
therefore possible that all the fish in the historical dataset were anadromous, unlike the 2021,
2022, and 2024 samples, which likely included varying ratios of resident and anadromous fish.
As previously noted, health endpoints such as body condition (length relative to weight)
and growth (length or weight relative to age) can vary significantly between resident and
anadromous individuals (Young et al. 2021), which contributed to the observed differences in
these endpoints between contemporary and historical samples.

3.2.4 Fish Tissue

Elevated mercury concentrations in large-bodied fish species of the Arctic are not uncommon,
even in the absence of local point sources of contamination. The majority of mercury in Arctic
ecosystems originates from long-range atmospheric deposition from anthropogenic sources
(e.g., coal combustion), which is transported northward by prevailing air currents and deposited
in lakes and on landscapes. Historically, the tundra acted as a sink for elemental mercury;
however, with enhanced permafrost thawing due to climate change, mercury that was once
sequestered has become more bioavailable for methylation (see Lehnherr 2014).
Additionally, the slow growth rates and long lifespans of some Arctic fishes contribute to the
bioaccumulation of mercury over extended periods, resulting in elevated concentrations
(see Lehnherr 2014).
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For both Qurluktuk and lkaluit lakes in 2024, mean mercury concentrations in muscle and liver
tissue of sampled arctic charr were below Maximum Allowable Mercury Concentration in Fish for
Commercial Sale (0.5 mg/kg ww; CFIA 2015; Appendix Tables D.7 and D.8). In Ikaluit Lake, none
of the fish muscle or liver tissue samples exceeded the consumption guideline (Figure 3.6,
Appendix Tables D.7 and D.8). In Qurluktuk Lake, however, one liver sample exceeded the
consumption guideline (Figure 3.6; Appendix Tables D.7 and D.8), and one muscle tissue
concentration was just under the guideline. Both the liver and muscle samples with the highest
mercury concentrations belonged to the single resident individual captured in Qurluktuk Lake
(i.e., QURL_AC_09). This finding supports previous interpretations that elevated mercury
concentrations in charr from Qurluktuk Lake are a product of differences in life history strategy
(Minnow 2023).

Consistent with 2022 results, charr mean muscle mercury concentrations were significantly higher
in Qurluktuk Lake than in lkaluit Lake in 2024 when outliers were included in the analysis;
however, when removed there was no significant difference (Figure 3.6, Appendix Table D.6;
Minnow 2023). The two outliers in the analysis were the only resident individual
(i.e., QURL_AC_09) and the oldest individual (i.e., 25 years of age) captured in 2024, which is
consistent known relationships between life history strategy (Swanson 2011) and age (Mason et
al. 2000) and mercury concentration. Liver mercury concentrations were also significantly higher
in Qurluktuk Lake in 2024, which contrasts with the 2022 findings, where liver mercury was greater
in Ikaluit Lake fish (Figure 3.6, Appendix Table D.6; Minnow 2023). This change may reflect
differences in resource allocation or different proportions of life history strategies between the two
populations. As described in Section 3.2.3.1, relative liver size was significantly greater in females
from lkaluit Lake, whereas females from Qurluktuk Lake exhibited higher relative gonad weight
(Appendix Table D.13). These patterns suggest that females sampled in Qurluktuk Lake invested
more energy into reproduction at the time of the 2024 sampling, potentially leading to reduced
liver mass due to lipid mobilization. Since methylmercury is primarily associated with protein-rich
tissue rather than fat (Bloom 1992), this reduction in liver size could result in higher
mercury concentrations. Conversely, the larger livers in lkaluit Lake females may reflect greater
lipid storage in the absence of reproductive investment, leading to a dilution of mercury
concentrations within liver tissue.

Iron concentrations in arctic charr tissues were also examined, although no consumption guideline
is available'?. Health Canada recommends a daily upper limit of iron intake of 45 mg/day (2006).

12 I[ron was identified during consultation as an analyte of interest in fish tissues.
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The iron concentrations in both muscle and liver tissues reported here are consistent with the
nutritional information provided by Health Canada for raw arctic charr and well below the
recommended limit, assuming an average portion size of 75 g (Health Canada 2025; Figure 3.6;
Appendix Table D.7 and D.8). To consume the recommended limit of iron per day, one would
need to eat between 5 and 7 kg of fish muscle or 175 to 350 g of liver (e.g., 6 to 12 whole livers).
Fish, especially organ meat (e.g., livers), are considered an excellent source of iron, an essential
nutrient that must be acquired through diet (Health Canada 2006). Unlike in 2022, mean muscle
and liver iron concentration were higher in Qurluktuk Lake than lkaluit Lake, although the
difference in muscle tissue was not statistically significant (Figure 3.6, Appendix Table D.6;
Minnow 2023). Similar to mercury, the difference in liver iron concentrations between the lakes
could be due to varying relative liver sizes.

Several exceedances of Health Canada consumption benchmarks for arsenic, cadmium?s,
copper, and selenium were observed in both muscle and liver tissues of arctic charr collected
from Qurluktuk and Ikaluit Lakes in 2024 (Appendix Tables D.7 and D.8). Additional exceedances
were noted for chromium™ in muscle tissue and for manganese, silver, and zinc in liver tissue.
Detection limits for aluminum and nickel were above the Health Canada benchmarks, so whether
these metals exceeded guidelines could not be determined. No other metals had concentrations
consistently above benchmarks (Appendix Tables D.7 and D.8).

Elevated arsenic concentrations are commonly associated with arsenobetaine, a non-toxic
organic form found in marine organisms, which poses little risk to aquatic life or consumers
(Eisler 1988). While exceedances of cadmium, copper, and selenium were recorded, these
concentrations likely reflect natural conditions in the study lakes and are considered a product of
the local geochemistry and fish physiology. Selenium and cadmium are also bioaccumulative,
and can be affected by fish age and growth, although less predictably than mercury (Maret et
al. 2010). Selenium is an essential micronutrient, and traditional foods, particularly those of
marine origin, are naturally rich in selenium (Lemire et al. 2015). Moreover, organic forms of
selenium found in food are generally less toxic than inorganic forms found in supplements,
occupational settings, or drinking water (Rayman 2012).

3.3 Ongoing Consultation and Bridging Knowledge Systems

A component of the Milne Inlet Freshwater Fish Health Monitoring Program is to engage with the
MHTO regarding the design, timing, and location of the proposed surveys and
ongoing monitoring. The program approach was inspired by the Mi’kmaq concept of Two-Eyed

13 Only one fish from Ikaluit Lake had a cadmium muscle concentration exceeding guidelines (Appendix Table D.15).

4 Only one fish from Ikaluit Lake had a chromium muscle concentration exceeding guidelines (Appendix Table D.15)
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Seeing, by integrating Inuit Qaujimajatugangit (IQ) and western science. Throughout various
meetings held among project partners, shared knowledge has helped to guide not only
identification of project objectives, but also the study design (e.g., location of study lakes),
sampling framework (e.g., where in each lake to sample), and the interpretation of results
(e.g., how to identify a “healthy” fish and what endpoints are of concern). Moreover, ongoing
conversations will facilitate an adaptive approach to this program which will help to secure its
long-term success, and its relevance to the MHTO.

To date, the main objectives of this program have focused on health endpoints for arctic charr
such as survival (age), growth (size relative to age), condition (length relative to weight),
and tissue quality as it relates to consumption. Inuit Qaujimajatuqangit has helped to define these
objectives and the following outlines contributions to the study:

e Two lakes (Tugaat Lake and Qurluktuk Lake) were initially identified as important sources
of the subsistence fishery for community members. Community feedback identified a
third lake (Ikaluit Lake) which was added to the program.

e During initial discussions with the MHTO, mercury and iron tissue concentrations were
identified as analytes of concern in fish tissue.

e To facilitate an integrated approach, crews were made up of individuals who brought a
combination of IQ and western science to the project.

e During the field program, members holding 1Q identified appropriate locations where
fishing should occur within the study lakes.

During fish processing in 2022 there were some charr that the community partners had no
interest in keeping for human (nor animal) consumption. Several community members
communicated that these particular fish, referred to by some as “unhealthy,” could be
identified by slight nuances in appearance and smell. Pairing these and other
qualitative descriptors (e.g., texture or color, based on the experience of hunters
and trappers) with fish attributes such as age and length may facilitate a more holistic
picture of charr health from the study areas and help to ensure that community members
can have confidence in consuming the fish.

e During discussions with the MHTO, members expressed the need for increased
transparency for all fish data which were included in the 2022 report as well as this report
(Minnow 2023; Appendix D).

e During discussions with the MHTO, members expressed interest in the study evaluating
whether the arctic charr are acceptable for consumption. In response, Minnow (2023)
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and this report included a screening of all tissue data collected with available
consumption values (see Table 2.2 and Appendix D).

Ongoing knowledge sharing, and the bridging of knowledge systems, is a tremendous tool which
will only help to fortify this program, build relationships among project partners, and ensure the
long-term success and value of these monitoring efforts for the Inuit community.
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4 CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions

This report and its findings, in concert with its appended components including documentation of
consultation and partnership with the MHTO, and all monitoring data pertaining to the presence
and health of arctic charr in freshwater bodies within watersheds proximal to the mine, tote road,
and Milne Inlet Port project development areas, satisfies condition 48(a) of the Project Certificate.
It was designed in coordination with the community to monitor the health of arctic charr
populations proximate to Baffinland’s Milne Port Operations. The 2024 program included
assessment of water chemistry, adult arctic charr health and tissue quality in Qurluktuk and Ikaluit
lakes as well as otolith microchemistry for adult arctic charr from Qurluktuk Lake. Sampling was
completed in 2024 by Minnow in collaboration with community members from the MHTO, the QIA,
and the Hamlet of Pond Inlet. Conclusions of the 2024 arctic charr monitoring are summarized
as follows:

e All analytes in littoral water samples were below Canadian Water Quality Guidelines for
aquatic life. Total mercury and total iron were below detection limits in Qurluktuk Lake.
Total iron was detectable in lkaluit Lake (0.10 mg/L). Both lakes are oligotrophic,
consistent with most Arctic lakes.

e A total of 39 (20 adults), and 37 (37 adults) were collected from Qurluktuk and lkaluit
lakes, respectively. Catch-per-unit-effort  lkaluit Lake (11.4 fish/100 m*hr)
than Qurluktuk Lake (0.74 fish/100 m-hr), but both were lower than in 2022 and can be
influenced by other factors such as weather, net-set locations, and timing.

« Otolith microchemistry was used to evaluate the life history strategy for the 20 adult charr
captured from Qurluktuk Lake in 2024. Of the 20 fish, 19 completed at least one marine
migration in their lifetimes, with first marine migration occurring between three and
fourteen years of age. There were fewer resident individuals captured in 2024 than 2022
(i.e., one vs six), based on presumed life histories. Visual assessments by biologists
(i.e., not Inuit) misclassified 12 fish as residents in 2024, showing poor agreement with the
otolith microchemistry results, which identified only one resident individual.

e Female arctic charr from Qurluktuk Lake were older, longer, and heavier than those from
Ikaluit Lake in 2024. Only one male fish was captured from Qurluktuk Lake in 2024, which
fell within the ranges for age, length, and weight for male fish captured from lkaluit Lake
in 2024. Female growth (i.e., length-at-age) was higher in Qurluktuk Lake in 2024, which
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is inconsistent with the 2022 results, and likely driven by the portion of anadromous
individuals sampled in a given year.

e In 2024, female arctic charr liver weight was lower in Qurluktuk Lake than Ikaluit Lake,
while relative gonad weight and weight-at-age were higher in Qurluktuk Lake, and
body condition (weight-at-length) was similar between lakes. The disparity in relative
gonad weight and relative liver weight between lakes indicates a difference in energy
allocation at the time of sampling. There were no consistent patterns in the results.

 Some Qurluktuk Lake female charr health metrics (i.e., age, weight-at-age, and condition)
were higher compared to pre-mining years; however, variable life history strategies
complicate temporal comparisons. lkaluit Lake charr male and female endpoints showed
no significant differences between 2022 and 2024 except for male condition, indicating
consistent charr health in this lake.

e Mercury concentrations in fish muscle and liver tissues were below Health Canada
consumption guidelines (0.5 mg/kg) except for the liver from the single resident fish from
Qurluktuk Lake in 2024. There were fewer mercury tissue consumption guideline
exceedances in 2024 compared with previous years, which is likely a product of sampling
fewer resident individuals in 2024. Consistent with 2022, charr tissue mercury
concentrations were typically higher in fish from Qurluktuk Lake than lkaluit Lake.
Iron concentrations in charr tissue in fish from both lakes in 2024 were well within safe
dietary limits as designated by Health Canada. Some fish tissue samples exceeded
Health Canada benchmarks for arsenic, cadmium, copper, and selenium in 2024, but
these reflect natural Arctic background levels.

4.2 Recommendations

The findings of the 2024 Milne Inlet Freshwater Fish Health Monitoring Program in concert with
results from previous years, indicate that fish health, tissue contaminants, and water quality
remain stable and within previously observed ranges, with no consistent patterns of change pre-
or post-mining. Given the consistency of results across years, along with community feedback
and logistical considerations, several recommendations are proposed to improve the efficiency,
relevance, and community value of future monitoring, should it occur'® including:

1. Increase Community Ownership and Integration

5 While recommendations for future monitoring are presented, it should be noted that given that the 12 Mt per year
Phase Il expansion will not occur, requirements for monitoring associated with the application and review process for
that expansion are being reevaluated, which may influence further recommendations for continuation of monitoring as
part of the Program.
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Work with the MHTO and Hamlet of Pond Inlet to explore integrating sampling with existing
community activities, such as the annual spring fishing derby at Ikaluit Lake.
This approach would strengthen community leadership, reduce disruptions, and support
culturally appropriate, on-the-land sampling while responding to local interest in
contaminant levels during different seasons.

2. A Shift to Triennial Monitoring Cycles

Transition the intensive field program to a three-year cycle to reduce unnecessary fish
mortalities, and ensure resource-efficient long-term monitoring. This timing would also
remain consistent with broader Environmental Effects Monitoring (EEM)
standards in Canada.

3. Inclusion of Otolith Microchemistry

As there was poor agreement between the otolith microchemical and visual anadromy
assessments, it is recommended to include microchemistry on future field programs to
confirm different life histories and to have Inuit IQ holders complete the visual
assessments directly, reducing confounding effects in comparative temporal and spatial
analyses of fish endpoints.

4. Presentation of findings to the MHTO

Results from the Milne Inlet Freshwater Fish Health Program should be presented to
determine a path forward for future monitoring in alignment with the perspectives of the
MHTO and Baffinland.
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