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Abstract
Rapid growth and modernization of the City of Iqaluit during recent decades may have led to changes in sediments, nutrients, carbon and contaminants cycling in the nearby shallow coastal environment of Koojesse Inlet in Frobisher Bay. However, there has been very limited environmental investigation of Koojesse Inlet during this period of rapid growth. Here, a
first step is taken toward describing the physical and geochemical properties of Koojesse Inlet sediments and assessing recent changes to the marine environment using a suite of sediment core collected in 2017–2018, prior to the development of a
new deep-water port. Seven sediment core were analyzed for radioisotopes (210Pb and 137Cs) and sediment geochemical
properties, including inorganic and organic carbon, major elements and metals. Surface samples (n = 20) were also analyzed
for geochemical properties. Significant surface sediment hypoxia, strongly reducing (sulphidic) conditions within nearsurface sediments, elevated organic carbon and sulphur burial, and slightly anomalous concentrations of metals (but near
natural background levels) characterize the environmental status of the sediments in Koojesse Inlet. From 210Pb chronology
and 137Cs distributions, sediment accumulation rates and mixing rates are greater in Koojesse Inlet relative to deeper waters
of inner and outer Frobisher Bay. Core from the deeper waters contain sedimentary records of environmental change, allowing for the resolution of changes over periods of ~25–30 years. This paper provides preliminary results of analyses and highlights a need for closer investigation of how redox chemistry within Koojesse Inlet sediments may have been impacted in
recent decades, with implications for carbon and metal sequestration rates and living conditions for benthic biota.

Résumé
La croissance rapide et la modernisation de la ville d’Iqaluit au cours des dernières décennies ont pu entraîner des
changements dans la nature de la charge sédimentaire, des substances nutritives, du carbone et des contaminants en
mouvement dans les milieux côtiers peu profonds du bras de Koojesse, dans la baie Frobisher. Cependant, très peu d’études
environnementales portant sur ce bras de mer ont eu lieu au cours de cette période de croissance rapide. La présente étude
fait état des premières étapes entreprises en vue de décrire les propriétés physiques et géochimiques des sédiments qui s’y
sont accumulés et d’analyser les changements récents touchant le milieu marin à l’aide d’une suite de carottes de sédiments
recueillies en 2017–2018, soit avant la construction du nouveau port en eau profonde. Les isotopes de 210Pb et 137Cs ont été
analysés sur des prélèvements de sept carottes de sédiments; des analyses ont aussi porté sur les propriétés géochimiques
des sédiments, notamment la présence de carbone inorganique et organique, d’éléments majeurs et de métaux. Des
échantillons de surface (n = 20) ont également fait l’objet d’analyses en vue d’établir leurs propriétés géochimiques. Les
conditions environnementales des sédiments du bras de Koojesse se caractérisent par un taux d’hypoxie important des
sédiments de surface, des conditions réductrices (sulfurées) intenses au sein des sédiments superficiels, une quantité
enfouie élevée de carbone et de soufre organiques et des concentrations légèrement anormales de métaux (bien que se
rapprochant des taux de concentration de fond naturels). Basé sur la chronologie établie à partir des mesures 210Pb et de la
teneur en 137Cs, les taux de sédimentation et de mélange de sédiments sont plus élevés dans les eaux du bras de Koojesse que
dans les zones d’eaux plus profondes à l’intérieur et au large de la baie Frobisher. Les carottes provenant de ces eaux plus
profondes renferment des traces sédimentaires de changements environnementaux et l’analyse de ces dernières pourrait
mener à l’élucidation de changements qui se produisent sur une période approximative de 25 à 30 ans. Cet article contient
non seulement les résultats préliminaires d’analyses mais souligne également la nécessité d’examiner de plus près tout
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élément ayant eu une incidence au cours des dernières décennies sur la réaction d’oxydoréduction, qui a lieu dans les
sédiments du bras de Koojesse, et des répercussions que cela pourrait entraîner au niveau des taux de séquestration du
carbone et des métaux, ainsi que du milieu de vie des biocénoses benthiques.

Introduction

Physiography and geomorphology

Rapid modernization and development together with climate change are bringing about significant changes in carbon and contaminants cycling in arctic coastal environments. Well-dated and geochemically characterized
sediment core can provide excellent records of change in
carbon and contaminant supply and may allow reconstruction of the timelines and environmental conditions associated with changes. The marine sediments near Iqaluit were
presumably affected by urban activities since the initial
construction of the airport in 1942 (Eno, 2001). Indeed,
previous work found minor local contamination by polychlorinated biphenyls (PCBs) and elevated levels of lead
(Pb) and arsenic (As) within 1 m of seabed debris in
Koojesse Inlet (Department of National Defence, 1995).
However, the greatest changes in Iqaluit have occurred during the past 30 years, including a doubling of the population
(from 3552 in 1991 census data to 6699 in 2011; Statistics
Canada, 2019) and major infrastructure development.

The landscape within and around inner Frobisher Bay area
has been described in various studies (Hodgson, 2005;
Allard et al., 2012; Hatcher and Forbes, 2015; Tremblay et
al., 2015; Deering et al., 2018). Inner Frobisher Bay is a
70 km long, generally less than 100 m deep, embayment
separated from outer Frobisher Bay (200 km long and
generally less than 300 m deep) by a transverse series of islands. Koojesse Inlet is a 4 km long embayment within inner Frobisher Bay. Tidal range is about 11 m in inner
Frobisher Bay. After complete glacial invasion during the
Last Glacial Maximum, Frobisher Bay was progressively
deglaciated between 11 and 7 ka (Dyke et al., 2003). The
sea floor of inner Frobisher Bay is typically muddy, with
some sandier areas, with generally less than 5% gravel, and
commonly with only a trace amount of gravel (Deering et
al., 2018).

In October 2017, the Canada-Nunavut Geoscience Office
collected a number of surface sediment samples and core
from Koojesse Inlet, near the City of Iqaluit, Nunavut (Figure 1). Along the shoreline near the core sites are several
possible anthropogenic sources of nutrients, carbon and
contaminants, including the city’s sewage lagoon, a former
military site, garbage dumps, streams and small-craft harbours. In addition to potential land-based contaminant
sources, ship traffic into Nunavut’s capital city has increased over the last decade and the development of a deepwater port began in 2018. The Koojesse Inlet sediment
sampling for this study was completed prior to the port construction. Two additional offshore core (Stn.Bell_10,
Stn. 12c; Figure 1a) in Frobisher Bay were sampled by the
University of Manitoba in 2018 from aboard the Canadian
Coast Guard Ship (CCGS) Amundsen.
To address concerns about the impact of community-based
sources of contaminants and obtain baseline data for the
new port and associated increasing potential for future contaminant inputs (e.g., oil spills), the Canada-Nunavut
Geoscience Office (CNGO) collaborated with the Centre
for Earth Observation Science (CEOS) at the University of
Manitoba to study recent sedimentary archives from
Frobisher Bay. Seven core were dated using radioisotope
methods and, along with surface samples at 13 other locations, were analyzed for sediment geochemistry (carbon,
some major elements and some metals). This paper
provides preliminary results of these analyses.
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Previous work on the geochemistry of
Koojesse Inlet
The geochemistry and concentrations of contaminants
within sediments around Koojesse Inlet was described in a
report by the Department of National Defence (1995). The
report depicts low but discernible contamination of surface
sediments with PCBs, polycyclic aromatic hydrocarbons
(PAHs), dichlorodiphenyltrichloroethane (DDT), metals,
dioxins and furans near Iqaluit, with likely shoreline
sources. Trace metals were also analyzed and reported to be
within the range of natural concentrations in background
sediments. However, As and Pb were anomalously high
near some sunken metal structures and Pb concentrations in
sediment were also relatively high near the location where
sealift barges dock on the beach. Other studies detail metal
geochemistry around Iqaluit, notably for Pb (Peramaki,
1997; Peramaki and Decker, 2000).
The outflow of untreated sewage directly into Koojesse Inlet is a major concern for local residents. In the winter of
2019, a blockage in the sewage system required the diversion of 950 000 L of raw sewage into Koojesse Inlet daily,
lasting for two weeks (McKay, 2019). Previous studies
have linked the high organic carbon content and lack of oxygen in Iqaluit’s sewage lagoon water effluent with low
ecological diversity and density of neighbouring benthos in
Koojesse Inlet (Samuelson, 1998; Krumhansl et al., 2014).
The implications of wastewater effluent on the biogeochemical cycling of carbon and major and trace elements
within the bay’s sediment are not known.

Canada-Nunavut Geoscience Office

Methodology
Site selection
Sediment core sampling sites in Koojesse Inlet
were selected based on previously collected
multibeam bathymetry (Mate et al., 2015;
Todd et al., 2016) as well as proximity to potential anthropogenic sources of pollution
(Figure 1). Sites included locations near the
outflow of streams and sewage lagoons, and
other modern industrial sites along the shoreline near the City of Iqaluit, including various
solid waste facilities, the airport and barge
dock. In 2017, samples from 20 sites were collected on the east and west side of Long Island
in the outer part of Koojesse Inlet. In 2018,
two sediment core were opportunistically collected along the central axis of inner Frobisher
Bay (Stn.Bell_10) and outer Frobisher Bay
(Stn. 12c) and are included in this study. Two
cores (2016 Nuliajuk-0003, 2017 8050003pc; Figure 1a) collected during other scientific cruises in Frobisher Bay were selected
to be included in this study.

Sampling
Sediment core were collected using an Ocean
Instruments 25 by 25 by 50 cm GMX-25
GOMEX box corer (n = 15; Figure 2a, b) and
2.6 m long gravity corer (n = 4; Figure 2d, e)
from Research Vessel (RV) Nuliajuk in 2017
and using an Ocean Instruments 50 by 50 by
50 cm BX-650 MK-III box corer (n = 2) from
CCGS Amundsen in 2018. Upon successful
retrieval of an undisturbed box core, core from
both box corers were subsampled in the same
manner, by inserting a 10 cm diameter core
tube slowly into the sediment, capping at both
ends, and removing the push core from the box
core. Surface sediment was also collected in

Figure 1: a) Location of core sampling sites in
Frobisher Bay, southeastern Baffin Island, Nunavut.
Digital elevation model and bathymetry from
GEBCO (GEBCO Compilation Group, 2014). Grey
box indicates the location of Figure 1b map. Black
dots indicate location of core sampling sites. b) Location of core sampling sites (black dots) in
Koojesse Inlet, Frobisher Bay. Urban GIS data
owned and provided by the City of Iqaluit; topographic contours from Natural Resources Canada
(2017), where 0 m asl (above sea level) is the hightide level and contoured by the sea (coastline); and
bathymetric contours gridded from Canadian Hydrographic Service (2018), where 0 m bsl (below
sea level) is the low-tide level. The intertidal zone is
between 0 m asl and 0 m bsl. Grey dashed line box
indicates the location of Figure 3 map.
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Figure 2: Sampling of sediments in Koojesse Inlet, Nunavut: a) GOMEX box corer on Research Vessel (RV) Nuliajuk; b) black
sediment sampled by box corer and core tube; c) slicing of push core using an extruder; d) gravity coring device deployed from
the starboard side of RV Nuliajuk; e) gravity coring device on deck; f) sediment core containing black sediment observed in
shallow sediment of Koojesse Inlet; g) sampling grey-brown sediments with the core tube extruder.
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Table 1: Sedimentological data for all core, Frobisher Bay, Nunavut. See Tremblay et al. (2020) for complete data.

2017 using a torpedo, lake-bottom, geochemical sampler at
site FBT-017.
Sediment core were extruded onboard and sectioned into
1 cm lengths for the first 5 cm and 1–2 cm lengths for the
remaining length of the core (Figure 2b, c, f, g). Sediment
sections were homogenized and stored in trace-clean,
250 mL, amber, wide-mouth jars for organic geochemistry
analyses and plastic bottles for nonorganic geochemistry
analyses. Sediment samples were frozen at –20°C and
shipped frozen to CEOS at the University of Manitoba in
Winnipeg, Manitoba, for processing.
Field observations were documented during the sampling
procedure, including sediment colour, grain size (including
pebbles), sedimentary structures, olfactive characteristics
and the occurrence of fossil material (seaweed, animals,
worm tubes).
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Sample preparation and porosity
Several core and surface sediment samples were selected
for analyses (Table 1; Tremblay et al., 20203). At the CEOS
laboratory, preselected sediment samples were thawed,
rehomogenized, subsampled, weighed to establish wet
weight and frozen, followed by freeze-drying at –55°C for
~96 hours. After freeze-drying, subsamples were then
reweighed to establish dry weight and ground with a pestle
and mortar to under 300 pm. Sediment porosity was calculated as the difference between the wet and dry weights and
corrected for salt, assuming a bottom water salinity of
32.5 psu and density of 2.65 g/cm3. Dried and homogenized
subsamples were then distributed to separate labs for radio-

3

CNGO Geoscience Data Series GDS2020-003, containing the
data or other information sources used to compile this paper, is
available online to download free of charge at http://cngo.ca/summary-of-activities/2019/.
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isotope (210Pb, 226Ra, 137Cs), total mercury, trace metals and
carbon analyses. The original frozen samples remain
archived and stored at CEOS for future use.

Radioisotope analysis
To estimate sediment accumulation rates, activities of radioisotopes 210Pb, 226Ra and 137Cs were counted down
seven sediment core. Down-core activities of 210Pb in
core FBT-004, -008 and -016 were measured indirectly
by alpha-counting method at Flett Research Ltd. in Winnipeg, Manitoba. The alpha-counting method was used
for these core because of the very low detection limit
(~0.0004 becquerels [Bq]; Robbins, 1978). The alphacounting method indirectly measures 210Pb activity by way
of measuring 210Po (half-life 138 days), which is in secular
equilibrium with 210Pb within two years of 210Pb deposition.
This method was modified from Eakins and Morrison
(1978). Approximately 0.5 g of dry sample was subsequently spiked with 209Po yield tracer and digested in hot
nitric acid. The digest was dried and made up in 1.5 N
(Normal) HCl. The 210Po and 209Po alpha-emitting isotopes
were plated out on silver planchets followed by alphaparticle spectrometry to determine the activity of the polonium isotopes. The method detection limit (MDL) for a
0.5 g (dry wt.) sample was 0.05–0.1 decays per minute per
gram (dpm/g) at a 92.4% confidence level for 60 000 second counting time and is based on greater than 20 low level
samples. The uncertainty was estimated as ±11%.
Gamma emissions of 210Pb, 226Ra and 137Cs were measured
down core FBT-014, -015, Stn.Bell_10 and Stn. 12c at the
Environmental Radiochemistry Laboratory (ELR) at the
University of Manitoba. Gamma emissions of 137Cs in
core FBT-004, -008 and -016 were also analyzed at ELR.
Freeze-dried and ground samples were weighed and
sealed within 50 by 9 mm Petri dishes for ≥21 days to prevent the escape of 222Rn and allow secular equilibrium between supported 210Pb and 226Ra (Murray et al., 1987).
Weighed and sealed samples were measured for total 210Pb
and 137 Cs by counting gamma emissions at 46.5 and
661 kiloelectronvolts (keV), respectively. Activities of
226
Ra were estimated by counting its granddaughter isotope, 214Pb, at 352 keV. Activities were counted for 12–24
hours on Canberra Industries, Inc. Broad Energy Germanium detectors. Excess 210Pb (210Pbex) was calculated by
subtracting supported 210Pb from total 210Pb. Supported
210
Pb was estimated either from the 226Ra activity in the
same section or from the total 210Pb in the bottom section of
the core (assuming the core reached background levels).

Radiocarbon dating
Shell samples were selected by R. Deering (Memorial University of Newfoundland) and D. Forbes (Geological Survey of Canada – Atlantic) from gravity core collected in
2016 and 2017 on the RV Nuliajuk, and identified and
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cleaned by A. Telka (Paleotec Services, Ottawa, Ontario).
The shells were sent for 14C accelerator mass spectrometry
(AMS) analysis at André E. Lalonde Accelerator Mass
Spectrometry Laboratory at the University of Ottawa (Ottawa, Ontario). The 14C ages were corrected using a reservoir effect correction (ΔR) of 200 years, and calibrated with
the Marine13 curve (Reimer et al., 2013).

Inorganic, total organic and total carbon
Total organic carbon (TOC) was measured at the Stable Isotope for Innovative Research (SIFIR) laboratory (University of Manitoba). The TOC was derived from the difference between total carbon (TC) and carbonate carbon
(inorganic carbon, IC). Both TC and IC were measured
from ~0.4 g of dried sediment subsamples. The TC was
measured by combusting the subsample at 1400°C and analyzing using an ELTRA® Elemental Analyzer CS-580A
(Helios). The IC was measured by removing inorganic carbon (decarbonation) from a reweighed subsample with 5–
10 mL of 20% HCl and immediately analyzing the gas released from the sample using a CO2 coulometer.

Total mercury
Total mercury (THg) was measured on approximately
50 mg of predried and ground sediment from surface samples and down select core using a Teledyne Leeman Labs
Hydra II AA direct mercury analyzer at the CEOS laboratory. Following United States Environmental Protection
Agency (US EPA) Method 7473, calibration was performed on March 6, 2018, and the samples were analyzed
March 9, 14 and 15, 2018. At the beginning of analysis
days, three certified reference materials (CRM; MESS-3,
NIST 2709a, PACS-3) were run to validate the curve. During the analysis, each sample batch consisted of 10 samples
with one duplicate followed by two CRMs (MESS-3 and
NIST 2709a) and one blank. The relative percent difference
(RPD) between duplicate measurements was considered
acceptable at <20%.

Major and trace elements
Major and trace elements were analyzed in surface and
down-core sediment subsamples at the Institut national de
la recherche scientifique (INRS) laboratories in Québec
City (Quebec). Major elements (Al, Ca, Fe, Mg, Mn, P)
were analyzed by inductively coupled plasma–emission
spectrometry (ICP-ES) following US EPA Method 200.7.
Trace elements and isotopes (As, 75As, Cd, 111Cd, Cu, Mo,
98
Mo, Pb, 187Re, Zn, 238U) were analyzed by inductively
coupled plasma–mass spectrometry (ICP-MS) following
US EPA Method 200.8 and using external calibrations.
Prior to analyses, ~0.1 g of dried, preground sample was digested. The digestion method included adding 4 mL HNO3
to the sample and heating at 100°C until dry. Once the sample cooled, 1.6 mL HClO4 was added. The sample was
again heated for 1–2 hours at 100°C, cooled, followed by
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the addition of 2 mL HF. Left to digest overnight, samples
were heated to 150°C the next day. Finally, 15 mL HNO3
was added to the samples and the samples were left at room
temperature for two weeks. The precision and accuracy of
the lab analyses were assessed over the long term by replicate analyses of the standard reference sediments PACS-2
and MESS-3.

where Ci (dpm/g) is activity at depth and mi is the massdepth increment (g/cm2) corresponding to the depth interval. Mass-depth was calculated as:

Calculations

Sediment and mass accumulation rates from 14C
dates

Sediment and mass accumulation rates from
and 137Cs

210

Pb

Sediment accumulation rates (SAR, cm/yr.) were calculated by fitting the natural log of 210Pbex profiles to outputs
of a one-dimensional two-layer advection diffusion model:
SAR(δC/δz) – (δ/δz) × Kb(δC/δz) = -λC

(1)

where SAR is a constant sediment accumulation rate (cm/yr.),
C is the 210Pbex activity (dpm/cm3), z is depth (positive
downward in centimetres), Kb is the diffusion coefficient
or mixing rate (cm2/yr.) and λ is the radioisotope decay constant (0.03114/yr.; Robbins, 1978; Lavelle et al., 1985;
Kuzyk et al., 2015). The sediment profile is treated as a
two-layer system with a surface mixed layer (SML) influenced by bioturbation (Kb1, upper layer mixing rate) overlying a deeper sediment layer with minimal mixing (Kb2 =
0.1 cm2/yr.). The SML depths were assigned based on the
inflection point on the down-core profile where 210Pbex activity transitioned from a homogenized profile near the surface to an exponential decrease with depth (Lavelle et al.,
1985; Kuzyk et al., 2009; Bentley et al., 2012). Assuming a
constant rate of supply, SARs (Equation 2) were calculated
by manually adjusting values of Kb1, C0 (surface activity,
dpm/cm3) and slope (m) of the linear regression of ln 210Pbex
below the SML according to equations outlined by Lavelle
et al. (1985):
SAR = -λ / m

(2)

From SAR, the mass accumulation rates (MAR, g/cm2/yr.)
were calculated as follows:
MAR = ρs (1–Φavg) × SAR

(3)

where ρs is the dry sediment density (estimated at 2.65 g/cm3,
the density of quartz and commonly applied to marine sediment; Berner, 1971) and 1–Φavg is the average porosity of
sediment particles below the surface mixed layer (Burdige,
2006). At the time of publication, MARs had not been validated using an independent transient tracer (137Cs [dpm/g]).
210

Pbex and 137Cs inventories

Inventories (I, indicated as Σ210Pbex or Σ137Cs on the tables
and figures) of 210Pbex and 137Cs were calculated by summing the mass-depth activities down-core until activity was
no longer detected (Kuzyk et al., 2009):
I = ΣCimi

Summary of Activities 2019

(4)

Mass-depth = ρs × (1–Φ) × Δz

(5)

where Δz is the thickness of sediment core interval (cm) and
Φ is the sediment porosity.

Sediment accumulation rates were calculated using sample
depth and 14C age of sediment as shown in Equation 6. The
MARs were calculated using Equation 3. Porosity used was
an average of nearby sediment core at depth. Density results from a Frobisher Bay core log (Deering et al., 2018,
Figure 5) show that density could increase by 20% at depth,
from 30 cm down to 500 cm, which could lead to a maximum underestimation of a similar magnitude (~20%) in
this study’s MAR calculations.
SAR = sample depth / calibrated 14C age of sample

(6)

Results and discussion
Selected results and preliminary interpretations are presented below. For the complete analytical and sedimentological results, see Tremblay et al. (2020).

Sedimentological properties
The grain size of the samples was generally silt (fine
grained), with variable amounts of sand and clay, and the
occasional pebble (Table 1, Figure 3a). Near the intertidal
zone and in the north channel, pebbles and sand particles
were more common than elsewhere. The average downcore porosity ranged from 0.75 at the top to 0.65 at the bottom. The downward negative gradient in porosity is probably due to compaction during early diagenetic processes.
Core Stn. 12c, located in outer Frobisher Bay, had the highest porosity (0.9 to 0.75; Figure 4), presumably due to the
finest grain size or lesser consolidation. Core FBT-004 and
-016 contained the lowest porosity (Figure 4). Bioturbation, chiefly indicated by the presence of worms and worm
holes in most of the cores, seems to be generally constrained to within the top 5 to 10 cm of sediment depth, although occasionally a worm was found between depths of
10 and 30 cm.
Figure 3b and c shows maps of the thickness of black and
partially black sediments observed within the core collected from Koojesse Inlet. Overall, observed black sediment layers decreased in thickness from northwestern
Koojesse Inlet (approximately >8 to 30 cm) to west-central
and southern Koojesse Inlet (approximately 5 to 15 cm) and
eastern Koojesse Inlet (0 cm). Black sediment was only
scarcely observed in the two offshore sites. Despite many
minimum values in the dataset, the spatial pattern for the
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Figure 3: Sedimentological and geochemical results, with 10 m water depth shown as a grey line (Canadian Hydrographic
Service, 2018), Frobisher Bay, Nunavut: a) typical grain size; b) black sediments thickness, with white dots indicating a minimum thickness; c) thickness of black sediments and the partially black sediments located immediately underneath, with white
dots indicating a minimum thickness; d) Fe and Al; e) Zn and Cu; f) Cd and Pb. Lower left inset shows results for core Stn.Bell10 and lower right inset shows results for core Stn. 12c. Abbreviation: ng, nanogram.
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Figure 3 (continued): Sedimentological and geochemical results,
with 10 m water depth shown as a grey line (Canadian Hydrographic Service, 2018), Frobisher Bay, Nunavut: g) total organic
carbon (TOC) and As; h) TOC and P; i) TOC and Hg. Lower left inset shows results for core Stn.Bell-10 and lower right inset shows
results for core Stn. 12c. Abbreviation: ng, nanogram.

black plus partially black sediments layers seems crudely
similar to that for the black sediments, with the highest
value found in the northwestern section of Koojesse Inlet
(75 cm).
Figure 5 shows typical colour logs for increasing distance
from the Iqaluit sewage lagoon (cores FBT-004 and -008
being the closest to the lagoon), illustrating the typical relationship between the black and the partially black layers.
Partially black sediments comprise sediments that are black
mixed with grey or brown sediments. The black layer, if
present, sits on top of partially black layers. At the surface,
the sediments are generally light brown for a few centimetres, although this apparent thickness may sometimes be
exaggerated because of smearing during the sampling process. This brown layer is considered part of the black sediments layer or part of the partially black sediments layer de-
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pending on the layer that it overlies. The black and partially
black sediments are correlated with a rancid smell, reminiscent of ammonia and/or hydrogen sulphide gases, which
generally increases with the overall thickness and blackness intensity within the sediment core. Core FBT-023
(near core FBT-008) shows the maximum thickness of partially black sediments (~46 cm). Normal arctic coastal marine sediments are usually dominantly grey, sometimes
with speckles or mottling of brown or black locally.
A possible explanation for the black sediments is a high
concentration of reduced iron associated with pyrite and
other Fe-S species. Coastal sediments experiencing high labile carbon fluxes are known to be principal sites of pyrite
sulphur burial, which captures the sulphide formed during
microbial oxidation of labile organic matter by sulphate reduction (Berner, 1970, 1984). The presence of nutrient- and
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carbon-rich reducing water originating
from the Iqaluit sewage lagoon
(Samuelson, 1998) interacting with the
organic and inorganic material in the sediment, might be linked to the pungent,
black marine sediments found in increasing abundance toward the effluent of the
Iqaluit sewage lagoon. There are no previous reports (e.g., in Department of National Defence, 1995) of low-oxygen bottom waters in Koojesse Inlet and this
study’s measurements showed a minimum of 87% dissolved oxygen saturation
of bottom waters under the ice cover. The
thin brown layer at the surface of the core
is consistent with the presence of a thin
surface oxic layer as expected for sediments bathed in well-oxygenated seawater. Thus, the preliminary interpretation
of the black colour of the sediment just
below the surface is a high concentration
of iron-associated reduced-sulphur species, which implies intense microbial oxidation of labile organic matter by sulphate
reduction. The nutrients released from the
sewage lagoon may stimulate marine primary production (local eutrophication)
and very high labile carbon fluxes to the
seafloor in this shallow location. To
confirm the geochemical character of the
black sediments, selected samples will be
subjected to additional analyses including
sulphur speciation.

Figure 4: Down-core porosity profiles of selected core collected in 2017 and 2018,
Frobisher Bay, Nunavut.

Figure 5: Sediment colour core logs from field observations for selected core collected
in 2017, Koojesse Inlet, Nunavut.

Radiochemistry
Activities of radioisotopes 210Pb, 226Ra and 137Cs were measured down seven sediment core from Koojesse Inlet and
inner (Stn.Bell_10) and outer (Stn. 12c) Frobisher Bay
(Figure 6a, b). Overall, core collected from shallow water
(<50 m) in Koojesse Inlet (core FBT-004, -008, -014, -015,
-016) displayed radioisotope profiles that were relatively
homogeneous downcore, with deep surface mixed layers
(SML) ranging from 7–10 cm (Table 2). Activities of total
210
Pb within the Koojesse Inlet core were lower than the
inner and outer Frobisher Bay core, ranging from 0.9 to
2.4 dpm/g at the surface and decreasing slightly down core
(Figure 6a). Total 210Pb profiles in core Stn.Bell_10 and
Stn. 12c collected at 90 and 389 m water depth in inner and
outer Frobisher Bay had greater activities at the surface (4.2
and 17.2 dpm/g), decreasing exponentially downward, and
merging or nearly merging with background levels of supported 210Pb (Figure 6a). Activities of 226Ra were used to
determine supported 210Pb in core FBT-008, -014, -015,
Stn.Bell_10 and Stn. 12c. Activities of 226Ra were detectable at only 9 cm (1.3 dpm/g) in core FBT-014 and at 6 cm
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(1.6 dpm/g) and 9 cm (1.3 dpm/g) in core FBT-015, whereas 226Ra was not detectable in any sections measured from
core FBT-008. Supported 210Pb was estimated in core FBT004 (0.6 dpm/g), -008 (0.9 dpm/g) and -016 (1.2 dpm/g)
from total 210Pb activity measured at the bottom of the core
(assuming the core reached background levels).
Activities of 137Cs down-core in sediment collected from
Koojesse Inlet were mostly low or undetectable (Figure 6a). The greatest activity of 137Cs was measured in the
bottom three sections of core FBT-008 with a spike of
0.77 dpm/g at 25–27 cm. Since the 137Cs activity was already present at 0.5 dpm/g in the last section (27–29 cm) of
core FBT-008, it is possible that the onset of 137Cs activity
started deeper in the sediment, not captured in the length of
the push core. Analyses of an 84 cm long gravity core (FBT023) collected beside core FBT-008 is underway to investigate if the onset of 137Cs activity begins deeper.
In core FBT-004 and -016, 137Cs profiles showed two
spikes of activity, one at 15 and 17 cm and a second spike
closer to the surface at 3 and 5 cm, respectively. The 137Cs
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Pbex, and inventories, Frobisher Bay, Nunavut.

210

Table 3: Accumulation rates calculated from calibrated radiocarbon dates, Frobisher Bay, Nunavut. Abbreviations: cal., calibrated; ΔR, reservoir effect correction; Err, estimated error on the preceding value; MAR, mass accumulation rate; SAR, sediment accumulation rate.

Table 2: Summary of parameters, accumulation rates calculated from

Figure 6: Down-core profiles, Frobisher Bay, Nunavut: a) total 210Pb (black circles) and 137Cs (open circles) activities and the supported
210
Pb (dashed black line) used to determine 210Pbex; b) two-layer advection diffusion model (black line) fitted to linear regression of ln210Pbex
activities.

activity was below the detection limit (DL) in all other sections of core FBT-004 and -016. The double 137Cs spike in
core FBT-004 and -016 may reflect vertical redistribution
of 137Cs from biomixing and/or vertical migration of 137Cs
within the core pore water (Tsabaris et al., 2015). Alternatively, alluvial sediments or ice-rafted debris sourced from
the shoreline (surface soil), and transported and deposited
in Koojesse Inlet, may carry additional 137Cs signals. The
137
Cs was below DL in core FBT-015, however, only every
other section was analyzed in core FBT-015 and more radioisotope analyses are needed to determine if the 137Cs
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spike was missed. In core FBT-014, a small spike of 137Cs
activity (0.2 dpm/g) was observed within the 7–9 cm
section.
Outside of Koojesse Inlet, 137Cs activity was only present at
low levels (0.2 dpm/g) in the surface sample of core
Stn.Bell_10, which may indicate that some surface material
was washed away during recovery of the box core. The
137
Cs activity profile of core Stn. 12c displayed a predictable shape, which included no activity at the bottom of the
core, an onset of activity at 5–6 cm, followed by a peak of
0.4 dpm/g at 3–4 cm and a sharp decrease to below DL at 2–
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3 cm (Figure 6a). The clearly defined
137
Cs peak in core Stn. 12c reflects the
lower sediment accumulation rate and
low mixing rate in the surface sediment
relative to the core collected in Koojesse
Inlet.

Sediment and mass accumulation
rates calculated from 210Pbex and
14
C
The SARs and MARs determined by
fitting down-core activities of 210Pbex to a
two-layer advection diffusion model
(Equation 1) are presented with a caveat
in Table 2 because these values had not
been validated with 137Cs at the time of
this publication. However, in most core
from Koojesse Inlet, this validation may
not be possible due to low or undetectable
137
Cs activities. Nevertheless, 210 Pb ex
derived SARs and MARs from Koojesse
Inlet were high and ranged from 0.29 to
0.75 cm/yr. and 0.15 to 0.72 g/cm2/yr.,
respectively. The greatest MAR was
oberved in core FBT-004 (0.72 g/cm2/yr.)
with a similarly high MAR in core FBT008 (0.66 g/cm2/yr.). Suspended material
observed from satellite imagery (not
shown here) suggest that the high SARs at
core sites FBT-004 and -008 could reflect
material sourced from a combination of
overland flow from the sewage lagoon
dyke and coastal erosion. Outside of
Koojesse Inlet, SARs and MARs decreased eastward from inner Frobisher
Bay (core Stn.Bell_10: 0.19 cm/yr. and
0.16 g/cm2/yr.) to outer Frobisher Bay
(Stn. 12c: 0.15 cm/yr. and 0.09 g/cm2/yr.).
Overall, MARs were associated with distance from closest stream (r2 = 0.76, with
exponential correlation; Figure 7a)
whereas depth played a lesser role (r2 =
0.69; Figure 7b). Profiles 210Pb and 137Cs
down core FBT-014 were mixed and SAR
and MAR could not be determined.

Figure 7: a) Mass accumulation rate (MAR) versus water depth. b) MAR versus distance
to nearest stream. c) Inventories (∑) of 210Pbex versus 137Cs in relation to expected inventories from processes of scavenging, focusing and terrestrial/river inputs (see inset).
Core FBT-014, Stn.Bell_10 and Stn. 12c contained greater 210Pbex than 137Cs inventories
suggesting that these sites were influenced by scavenging of dissolved 210Pbex from the
water column. The inventory ratios of 210Pbex/137Cs in core FBT-004, -008 and -016 fall
within the expected ratio for focusing of source sediments with possible additional input
of 137Cs from terrestrial sources in core FBT-008. Core from Frobisher Bay, Nunavut.

Radiocarbon dates and MARs calculated
from 14C are presented in Table 3, which
provide MARs over a longer time scale
relative to MARs from 210Pbex. The relationship between
MARs calculated by 14C and 210Pbex against the time of the
geochronological data suggest that posterior events could
have an influence on MAR calculations (Figure 8). Offshore, the average MAR determined by 14C was 0.13 g/cm2/
yr., which is of similar magnitude relative to the offshore

Summary of Activities 2019

MAR calculation of 0.08 g/cm2/yr. using one 14C measurement. Before 4 ka, MARs calculated with 14C are under
0.004 g/cm2/yr. The cause of the observed increase in MAR
between 4 ka and <0.3 ka is unknown, however, core
Stn. 12c is certainly located too far offshore to receive any
significant direct sediment input from Iqaluit. Possible
causes might include recent climate-related factors, al-
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atmospheric fallout reported for the Canadian Arctic Archipelago (cf., Wright et al., 1999; Kuzyk et al., 2015).

Figure 8: Mass accumulation rates (MAR) calculated from 14C age
and time framework (14C age, or estimated maximum core age for
210
Pbex values), Frobisher Bay, Nunavut. The 210Pbex MAR average
for Iqaluit area includes samples 17FBT-004, -008, -015 and -016.

though the time frame for observed MAR change is fuzzy
because of the nature of the data (could be 50 years or more
than 300 years).
In Koojesse Inlet, the relatively high SAR is probably due
to a combination of proximity to the shoreline, climate
changes and anthropogenic input. In core FBT-008, located
nearest to Iqaluit streams, 137Cs inventories (see next section) seem to indicate eroded surface soil as a distinctive
component, indicating anthropogenic influence (e.g., disturbance of vegetation) might be significant. More data
would be needed to detail the relationships between the different time periods and sedimentary settings.

Inventories of 210Pbex and 137Cs
Inventories (Σ) of 210Pbex and 137Cs may be used to investigate the contribution of terrestrial inputs to marine environments (e.g., causing increases in Σ137Cs) and processes taking place within marine environments, such as focusing
(causing increases in both Σ210Pbex and Σ137Cs) and boundary scavenging (causing increases in Σ210Pbex; cf., Kuzyk et
al., 2013; Kamula et al., 2017). Processes inferred from
comparisons of 210Pbex versus 137Cs inventories are better
understood when compared to background levels from direct atmospheric fallout to the study area. However, background levels are difficult to constrain, particularly in remote northern regions where data is sparse. For this study,
the 210Pbex and 137Cs inventories from atmospheric fallout
over Frobisher Bay have been estimated to be 7.1 dpm/cm2
and 1.4 dpm/cm2, respectively. Background inventories of
137
Cs were estimated by decay correcting inventories from
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Inventories of 210Pbex and 137Cs in the sediments are presented in Table 2 and plotted against one another in Figure 7c. Overall, 210Pbex inventories from sediment core collected across Koojesse Inlet were greater than the estimated
background level, ranging between 14.2 ±1.0 dpm/cm2
(core FBT-016) to 33.2 ±1.6 dpm/cm2 (core FBT-008).
Core FBT-008 contained the greatest 137 Cs inventory
(2.7 ±0.4 dpm/cm2) of all core, significantly above the fallout inventory. Outside of Koojesse Inlet, 210Pbex inventories were greater than the estimated background level at
40.9 ±1.0 dpm/cm2 (core Stn.Bell_10) and 39.1 ±1.0 dpm/cm2
(core Stn. 12c), whereas 137Cs inventories remained lower
t h a n t h e e s t i ma t e d b a c k g r o u n d l e v e l a t 0 . 1 a n d
0.4 ±0.1 dpm/cm2, respectively. The greater 210Pbex inventories in the offshore core may suggest that boundary scavenging of dissolved 210Pb from the water column is an important process in inner and outer Frobisher Bay. The high
210
Pbex inventory (33.2 ±0.4 dpm/cm2) in core FBT-008
(more than four times the estimated background level) is
anomalous for such a shallow nearshore site (6 m depth)
and may be explained by i) high fluxes of organic particles
that rapidly scavenge 210Pbex deposited into coastal waters
or ii) the capture of particles rich in 210Pbex delivered to the
coastal environment from the sewage lagoon. The 137Cs inventory for core FBT-008 may be underestimated because
137
Cs was present at the bottom of the core and may extend
into deeper sediments. Assuming both 210Pbex and 137Cs inventories are high in core FBT-008 and elevated in proportion to one another, it may be inferred that surficial materials derived from various land-based sources and/or the tidal
flats of Koojesse Inlet are being focused toward the core
FBT-008 site. Several of the inventories of 210Pbex presented here may be on the low side because not all core may
have reached background levels. Further analyses are required.

Total organic carbon
Total organic carbon (TOC) concentrations in sediments
(Tremblay et al., 2020) are overall quite high for arctic sediment, averaging 0.9% in Koojesse Inlet and 1.8% in offshore core. The increase in TOC with depth in two
Koojesse Inlet core (FBT-014, -015) is unusual; most normal marine sediments show an exponential decrease in
TOC with depth in the top few sediment layers as a result of
rapid degradation. There is no apparent spatial correlation
between the thickness of black or partially black sediments
and TOC (Figure 3, Table 4). Further work will assess the
quality (N content) and stable isotopic composition of the
organic matter in the sediments to improve understanding
of the source (marine versus terrigenous).
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Table 4: Geochemical data for surface samples at each sampled site, Frobisher Bay, Nunavut. See Tremblay et al. (2020) for
complete data. Abbreviation: ng, nanogram.

Major and trace elements
The concentrations of several elements in surface samples
are mapped and shown in Figure 3 (Table 4), indicating
general concentration ranges and spatial relationships. Statistical correlations among various elements and sediment
properties are plotted on Figure 9. In this section, statistical
results (linear correlations r2 values) are presented that refer to the complete core results (see Tremblay et al., 2020).
On a first-order analysis, surface sediment samples on the
eastern side of Long Island show generally lower concentration for all measured elements. This geochemical spatial
relationship is likely a result of local enhanced dilution
from Si-rich minerals (quartz, feldspar, etc.), however, Si
was not analyzed. It is also important to note that samples
were not sorted prior to geochemical analysis (only dried
and ground with a mortar and pestle), therefore grain-size
portioning effects are likely to make a significant contribution to the distribution of elements among surface samples
(Figure 3).
Iron is correlated with many elements including Mg (r2 =
0.81), Zn (r2 = 0.74), Cd (r2 = 0.57; Figure 9a), Ca (r2 =
0.43), Cu (r2 = 0.42), Mn (r2 = 0.37) and TOC (r2 = 0.25).
The origin of this correlation probably lies within the mineral composition and adsorption. The occurrence of the
highest Fe (and associated elements) concentrations near
the sewage lagoon could be explained by either 1) a greater
concentration of Fe-rich rock-forming minerals (biotite,
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amphibolite, pyroxene, garnet, etc.) or 2) adsorption of mobile Fe (and associated elements) to fine particles (possibly
organic material) and phyllosilicates or 3) authigenic iron
sulphide formation. Surface sediment from core FBT-002,
-008 and -023 contained the highest Cd concentrations,
which were about 20% greater than the concentrations predicted by the observed Fe concentrations in these samples
and the Fe-Cd relationship (Figure 9a). Contaminant Cd input is one possibility to explain the elevated Cd in these surface sediments; however, an alternative explanation is biogenic Cd supply. Either way, the proximity of these sites to
the Iqaluit dump and sewage lagoon points to possible local
sources either adding Cd or adding nutrients and organic
matter that enhance Cd delivery to the seabed.
Most other elements show anomalously high values near
the sewage lagoon and dump, but values exceed background levels by only about 5% (e.g., Zn, Fe). Zinc is often
a characteristic anthropogenic contaminant in coastal systems and warrants closer examination. With many of the
other elements that may be contaminants, including As, Cd
and P, one must be cognizant of redox processes, which
may lead to these elements being strongly redistributed in
the sedimentary column subsequent to deposition. Lead is
only correlated to As (r2 = 0.72) and the preliminary interpretation is that this is a result of postdepositional redistribution driven by redox processes within the core. Within
core FBT-008, the strong correlation between Fe and S (r2=
0.77) is consistent with pyrite and other Fe-S species.
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Figure 9: Geochemical correlations for selected elements and properties, Frobisher Bay, Nunavut (see Tremblay et al., 2020, for all results): a) Cd versus Fe; b) As versus P; c) Hg versus total organic carbon (TOC); d) Al versus Fe. Abbreviation: ng, nanogram.

Figure 10: Geochemical logs for core FBT-008, Koojesse Inlet, Nunavut. Abbreviations: ng, nanogram; TOC, total organic carbon.

Aluminum shows a nearly indiscernible correlation with Fe
(r2 = 0.09; Figure 9d) and minor correlations with Ca (r2 =
0.36), Mg (r2 = 0.27), Mn (r2 = 0.25) and Pb (r2 = 0.25). Aluminum shows no correlation with TOC and is noticeably
lower in offshore samples. Therefore, Al is likely to be significantly associated to mineral grains of a predominantly
low-Fe composition (such as feldspar or low-Fe phyllosilicates) and of a preferentially coarser granulometry relative
to offshore sediment. Future grain-size analysis may pro-
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vide further details on Al distribution. Also, Pb shows three
anomalous surface samples (core FBT-006, -007, -023),
which have about 20% more than that expected from the
usual correlation. Lead shows no correlation with Fe or
TOC and a weak correlation with Al. It is suspected that the
Pb source could be different from that of all other metal elements. Mercury is strongly correlated to TOC (r2 = 0.69;
Figure 9c), only slightly correlated to Fe (r2 = 0.24) and has
no correlation with Al. Organic-rich particle scavenging of
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atmospherically derived Hg may give rise to the strong
TOC-Hg correlation in the sediments but this hypothesis
needs to be tested by examination of down-core patterns.
Geochemical profiles
Figure 10 presents sediment geochemical profiles for core
FBT-008, collected near the Iqaluit drainage streams. At
7 cm, a peak in concentration is present for virtually all elements (TOC, Hg, Fe, Cu, Cd), except Pb and Al. There is
even a weak Mn peak at 7 cm. At 19 cm, Pb concentrations
decreased, which could be related to a general decrease in
environmental Pb within the Iqaluit watershed. At 23 cm,
Hg concentration peaks, which does not appear to be correlated with any other element. However, the elevated Hg
concentrations between depths of 20 and 30 cm coincide
with the highest concentrations of Pb (Figure 10) and the
highest 137Cs activities in the core (Figure 6a). Thus, the
peak fluxes of Pb and Hg can either be assigned to the 1960s
(when 137Cs fallout peaked), or else to a posterior time, if Pb
and Hg are originating from a local source within the Iqaluit
watershed and 137Cs is being derived from soil sources.
Further detailed chronological reconstruction including
modelling of bioturbation effects and validation of 210Pbderived SARs against other tracers are needed in order to
assess whether long-term changes in metal uses in Iqaluit
could account for the observed down-core trends. For example, the important decrease in concentration of Pb in the
1980s in Canadian fuel could possibly account for the decreasing trend in Pb between depths of 15 and 18 cm in the
core (Figure 10). A simple projection of MAR would indicate an age of about 1983 for the bottom of core FBT-008
but incorporation of mixing effects will reduce the apparent
age of the core bottom (mixing having the net effect of mixing tracers deeper into the sediments). As stated previously,
137
Cs data could potentially suggest a contrasting geochronological framework. Longer and multiple core from
the basin around core FBT-008 could help to provide the
analytical results necessary to resolve this question.
Comparison of geochemical results with previous
study
Geochemical results for marine sediments sampled in 1994
in Koojesse Inlet (Department of National Defence, 1995)
and Baffin Bay (Campbell and Loring, 1980) can provide a
useful basis for comparison to preliminary results found in
this study. However, as stated in Department of National
Defence (1995), grain size difference might cause issues,
preventing comparison of samples between offshore and
nearshore settings, so the comparison with the Baffin Bay
samples (which are from offshore) will not be attempted in
this paper. Additionally, uncertainty concerning the exact
methodologies (sieving, dissolution, analysis) used in each
study will certainly complicate the interpretation of comparative results. Differences in detection limits of the analytical methods are certainly a problem when comparing
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data obtained decades apart; for example, the detection
limit of approximately 10 ppm for Hg, Cd and Pb in Department of National Defence (1995) are much higher than the
detection limits in the present study, approximately
0.002 ppm for Hg, 0.02 ppm for Cd and 0.5 ppm for Pb.
Copper provides an interesting element for comparison of
contamination from Iqaluit drainage. For nearshore sediments from Koojesse Inlet, Cu concentrations were typically between 5 and 15 ppm in this study, and about 2 to
12 ppm in Department of National Defence (1995). Their
sample FB020, located close to the former Apex dump site
(located on the southeast coast of Apex), shows an anomalous Cu value of 24 ppm. For Pb, the results are slightly different, with 13–20 ppm in this study and less than 5 ppm in
their study, excepting one site (FB020) with 50 ppm (Department of National Defence, 1995). The results for Zn are
similar to those for Cu: 60–70 ppm in this study, 20–40 ppm
in their study, excepting 85 ppm at site FB020. Arsenic is
notably different, with 4–25 ppm in this study, 2–3 ppm in
their study, with 3 ppm at site FB020. The cause for such
discrepancy is uncertain but may lie in the possibly different dissolution or analytical methods. Changes in redox
conditions in the sediments also may explain changes in elemental distributions and further work is needed to estimate lithogenic versus authigenic concentrations of redox
sensitive elements (cf., Kuzyk et al., 2013).

Economic considerations
This paper provides a unique collection of baseline environmental information relative to Koojesse Inlet and
Frobisher Bay, obtained prior to the construction of a major
port infrastructure project. Significant surface sediment
hypoxia and slightly anomalous concentrations (but near
natural background levels) of metal and organic carbon
characterize the environmental status of the sediments in
Koojesse Inlet. General sediment accumulation rates may
prove useful for marine infrastructure maintenance planning, however, individually they should be considered with
caution due to imprecisions. The geochemistry of surface
marine sediments can affect marine organisms, especially
shellfish, which in turn is related to the health and safety of
consumers. The data, together with data from the Department of National Defence (1995) report, form a valuable
time-series of environmental conditions in Koojesse Inlet.
In order to assess changes and draw comparisons between
this study and previous studies (e.g., the Department of National Defence [1995] report), more work is required to
properly assess the differences in methodology and
instrumentation.

Conclusions
Pungent black sediment was observed in the upper 30 cm of
core collected in the northwestern part of Koojesse Inlet
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(near the sewage lagoon). The thickness of this black sediment decreases toward the southwestern end of Long Island (average 10 cm), and is nearly absent just outside of
the inlet and to the east of Long Island. Partially black sediment thickness follows a similar spatial pattern. The presence of reducing water and organic material originating
from the Iqaluit sewage lagoon interacting with the organic
and inorganic material in the sediments, and possibly the
formation of pyrite and other Fe-S species, might be linked
to hypoxia of sediments.
Overall, mass accumulation rates (MARs) are greater in
Koojesse Inlet relative to deeper areas of inner Frobisher
Bay (core Stn.Bell_10) and outer Frobisher Bay (core
Stn. 12). However, sediment core from Koojesse Inlet are
highly mixed and MARs using 210Pbex were difficult to constrain. Sediment accumulation rates reported here should
be viewed with caution until further validation can be
completed.
Inventories of 137Cs were greater in core collected from
nearshore shallow waters in Koojesse Inlet (core FBT-004,
-008, -016). These higher 137Cs inventories suggest a
greater input of material from the watershed to this area. In
contrast, core collected from offshore deeper waters (core
FBT-014, Stn.Bell_10, Stn. 12c) contained lower 137Cs inventories, but higher 210Pbex inventories relative to the
nearshore core. This may suggest that scavenging of dissolved 210Pbex from the water column is an important process for deeper sites of Frobisher Bay.
The impact of Iqaluit drainage on the geochemistry of sediments seems small but detectable for several elements (Cd,
Cu, Pb, Hg, etc.). Overall, analytical values are not elevated
compared to natural background levels, in accordance with
the findings from the Department of National Defence in
1995. However, more samples in a similar natural setting
(e.g., in Peterhead Inlet), and the analysis of longer core
within Koojesse Inlet, could help to provide additional data
for comparison.
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