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The consumption of traditional foods, including moose, is vitally important to Canada’s

indigenous communities for dietary, social, and cultural reasons. Cadmium is a key

contaminant of concern in moose as it accumulates primarily the organs, with the kidney

accumulatingmore than the liver. The objectives of this study were to identify relationships

between cadmium concentrations in the kidney, liver and muscle tissue of moose, and to

estimate benchmark consumption quantities that are associated with minimal health risk

for three First Nation communities: the Chipewyan Prairie Déné First Nation, the Swan

River First Nation and Cold Lake First Nations. Moose quality studies were conducted

with the Chipewyan Prairie Déné First Nation in 2012, the Swan River First Nation in 2014

and the Cold Lake First Nations in 2016, all located in Alberta, Canada. The measured

cadmium tissue concentrations from these studies were found to be comparable to those

reported in the 2016 Alberta First Nations Food, Nutrition and Environment Study, and

other North American studies. The results of our study suggest that linear relationships

exist between cadmium concentrations in kidney and liver tissue, which can be used

as a tool to predict organ concentrations in moose from northern Alberta. First Nations

communities can use this information to predict cadmium tissue concentrations in both

kidney and liver in the absence of actual, measured cadmium concentrations. Benchmark

consumption quantities that are associated with minimal risk were estimated for the

different tissue types.

Keywords: First Nations, cadmium, moose, kidney, liver, muscle, risk assessment

INTRODUCTION

The consumption of moose muscle and organ tissue is of high dietary, social, and cultural
significance to First Nations communities in Canada. Since it is traditional for individuals to
consume themajority of a harvested animal, First Nation hunters and harvestersmay have exposure
to higher levels of contaminants than their non-Indigenous counterparts. This is because organ
meats, especially the liver and kidney, typically have higher concentrations of inorganic elements
than muscle tissue. As a result, First Nation hunters and their families may ingest concentrations
of metals that exceed recommended levels through their consumption of both moose organ meat
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and muscle tissue. In the three moose quality studies completed
in northern Alberta, moose tissue samples were collected by
First Nation hunters as part of their food harvesting practices
and then generously shared for investigation. The cadmium
concentrations in moose tissues were measured, as part of
larger studies, to characterize the tissue quality of moose
(muscle, kidney, and liver) harvested from the First Nations’
traditional territories in north central and northeastern Alberta.
The measured moose tissue concentrations and locally obtained
consumption information were used to complete human health
risk assessments for moose consumption for each of the Nations.

The studies were undertaken with the Chipewyan Prairie
Déné First Nation (CPDFN) in 2012, with Swan River First
Nation (SRFN) in 2014 and with Cold Lake First Nations (CLFN)
in 2016. The CLFN and the SRFN studies were funded through
Health Canada’s First Nations Environmental Contaminants
Program (FNECP) and the CPDFN study was funded through
their Industry Relations Corporation.

A total of 50 moose were harvested between the three studies:
nine from CLFN, 15 from SRFN and 26 from CPDFN. Animals
were harvested from north central Alberta in the area of Lesser
Slave Lake and SwanHills, in east central Alberta in the vicinity of
the heavy oil deposits on the Alberta/Saskatchewan borders (Cold
Lake Oil Sands) and in northeastern Alberta in the southern oil
sands region (Southern Athabasca Oil Sands). Samples of muscle,
liver and kidney tissue were submitted for metals analysis and
cadmium was the primary inorganic element (metal) of focus in
the studies. The age, sex, and approximate weight of the moose
were identified by the hunters at the time of harvest. Details of
the measured cadmium concentrations in the tissues of each of
the animals harvested are provided. The age and weight estimates
for the individual moose were subjective to the harvester, which
introduced a level of uncertainty in the correlations.

The data from the three studies are presented individually
and as a pooled dataset to identify possible relationships between
kidney, liver and muscle cadmium concentrations and the age
and sex of animals. The measured concentrations were compared
to measured cadmium concentrations reported in the 2016
Alberta First Nations Food, Nutrition and Environment Study
(FNFNES) (Chan et al., 2016) and to other North American
studies.

MATERIALS AND METHODS

Sample Collection
Moose were harvested from northern Alberta by community
members from CLFN, SRFN, and CPDFN (Figure 1). The moose
were collected as part of each community’s regular harvesting
activities, and the communities generously shared muscle, liver
and kidney samples from a total of 50 individual moose for
the study. A total of 47 muscle samples, 48 liver samples and
49 kidney samples, were collected for analysis. CLFN provided
samples from nine moose collected in the fall of 2016 and the
winter of 2017 near Cold Lake, Alberta. SRFN collected moose in
the summer and fall of 2015 near Kinuso, Alberta and provided
samples from 15 animals. CPDFN contributed samples from 26

moose collected throughout 2012 near Janvier, Alberta in the area
south of Fort McMurray.

Workshops took place in each community prior to sample
collection so that community members could be trained in
sample collection, sample integrity, an understanding of potential
sources of contamination, documentation, and storage. A clean
and unused set of gloves was worn for handling each sample and a
new knife blade was used for cutting each sample. In order reduce
any variability in cadmium concentrations associated with tissue
type and to provide consistency across the assessment, muscle
samples were taken from the hind left leg of each animal and liver
samples were taken from the middle section or the left lobe of the
liver. One entire kidney was submitted from each animal. Each
sample weighed approximately 450 g (or 1 lb). Each sample was
placed into a clean, unused plastic bag provided by the laboratory
and the samples remained frozen until they were received by the
laboratory for analysis.

Sample Questionnaires
The sex, the approximate age and the weight, of each harvested
animal were recorded in a questionnaire completed by each
hunter. The sample questionnaires were designed to provide
information about the harvested animal, anecdotal details
regarding wildlife abundance in the area and details of sampling
or harvesting effort. The sample location reported by the hunter
was recorded on a community map.

Inorganic Elements Analysis
The CLFN samples were analyzed by ALS Environmental
(Edmonton, Alberta) and the SRFN and CPDFN samples were
analyzed by Maxxam Analytics (Edmonton, Alberta). Each
sample was homogenized in the laboratory prior to chemical
analysis. Cadmium (Cd) and other inorganic elements were
quantified using inductively coupled plasma—mass spectrometry
(ICP-MS). The analytical methods were modified from Method
6020A, developed by the United States Environmental Protection
Agency (US EPA, 1998). The three studies were undertaken
independent of each other and the analytical work was completed
over four years at different laboratories. The reportable cadmium
detection limit for the CPDFN assessment was 0.01 mg/kg
(MaxxamAnalytics), for the SRFN assessment it was 0.002mg/kg
(Maxxam Analytics) and for the CLFN assessment it was 0.001
mg/kg (ALS Environmental). All results were provided on a wet
weight basis.

A quality assurance and quality control (QA/QC) target
equivalent to 10% of the total number of tissue samples submitted
was set for each program. At a minimum, at least one duplicate
sample for each tissue type was submitted for metals analysis in
each of the three studies; these samples were blind duplicates.
Details of the number of QA/QC samples from each study are
included in Table 1. The analytical results were compared using
a relative percent difference calculation (RPD). The RPD was
calculated through a mathematical comparison of the analyte
concentration in the sample and the duplicate. A guideline of
RPD ≤ 30% (US EPA NE and US ACE NED 2004) (US EPA
New England, 2004) was used to determine acceptability of
the duplicate vs. the control. This criterion was deemed to be
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FIGURE 1 | Location map.
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TABLE 1 | Quality assurance and quality control sample details.

Tissue type Number of samples QA/QC samples

submitted

Percentage

Muscle 48 4 8.33

Liver 49 6 12.24

Kidney 50 8 16.00

Total 147 18 12.24

acceptable as the tissue samples are not entirely homogenous and
therefore slight differences in composition may occur. The RPD
results showed that the majority of duplicates met the guideline
of RPD ≤ 30%, with very few exceptions; the exceptions were
confirmed by the lab to be due to sample heterogeneity. The
concentrations of the duplicate samples were not included in the
calculations of the summary statistics.

In addition to blind duplicate samples being submitted by
each First Nation, the laboratories also completed internal
QA/QC protocols. These protocols included the use of laboratory
duplicates, laboratory control samples, method blanks, matrix
spikes, and relative percent difference calculations for laboratory
control duplicate samples. The QA/QC results met the data
quality objectives required by each of the laboratories. In all
cases, the percent recovery for the matrix spikes was within
the QC target of 75–125% (ranging between 92 and 101%); the
percent recovery for the spiked blanks was within the QC target
of 75–125% (ranging between 94 and 109%); the method blanks
recorded concentrations below the method detection limit for all
analytes; and the RPD was below the QC target of 35% (ranging
between 2.0 and 4.8%).

Data Analysis
To determine whether there was a correlation between cadmium
concentrations in the kidney and liver, the square of the Pearson
product moment correlation coefficient (r2 value) was calculated.
This analysis was done for each study individually and for the
pooled data from all three studies.

The analytical results for the cadmium concentrations in
muscle tissue for the CLFN and SRFN studies were compared
against one another to determine if the populations were
statistically different. The Student’s t-test was used, assuming
unequal variance and a two-tailed distribution at a significance
level of 0.05. A similar comparison was not made for the CPDFN
data because the reportable detection limits were higher than the
CLFN and SRFN studies, and the majority of the muscle tissue
concentrations fromCPDFNwere below the reportable detection
limit.

RESULTS

Results for each study are presented in Tables 2–4, from
CPDFN, SRFN, and CLFN respectively. None of the cadmium
concentrations in either organ were below the reportable
detection limit in any of the studies. Five muscle samples were
below the reportable detection limit of 0.002 mg/kg in the SRFN

study and 18 of the 26 muscle samples submitted in the CPDFN
study had concentrations below the reportable detection level of
0.01 mg/kg.

Summary statistics (minimum, maximum, mean, standard
deviation) were calculated for each study. Tables 5–7 present the
summary statistics for CPDFN, SRFN, and CLFN, respectively.

Comparison of Cadmium Concentrations
Between Moose Harvested by the Three
Nations
Based on review of the data and the fact that the cadmium
concentrations increase with age in the liver and kidney, the t-
test showed expected differences in the data for these organs.
As cadmium does not accumulate in the muscle tissue, the
muscle tissue concentrations were compared to establish if the
moose were from the same population. A two-tailed t-test run
between muscle concentrations from moose harvested by the
SRFN and the CLFN identified that the moose were from the
same population (p-value = 0.82). As the analytical detection
level for cadmium in muscle tissue for the CPDFN moose was
an order of magnitude higher than both the SRFN and CLFN
studies, a box plot was used to identify whether the data appeared
comparable (Figure 2). Figure 2 shows that, with the exceptions
of several outliers, the majority of the CPDFN data are within the
range of cadmium concentrations seen in the CLFN and SRFN
studies.

In the CPDFN samples, the measured cadmium
concentrations in the kidney and liver of juvenile animals
are lower than those measured in moose identified as
adults (Figure 3). A linear regression of the CPDFN organ
concentration values resulted in a r2 value of 0.92, indicating a
positive relationship between the cadmium concentrations in the
organ tissues. A linear regression of the natural log transformed
organ concentrations resulted in an r2 value of 0.72, again
indicating a positive relationship.

In the SRFN samples, with the exceptions of fivemoosemuscle
samples, there were measurable concentrations of cadmium in
all moose tissues tested. Correlations between liver and muscle
cadmium concentrations, liver and kidney concentrations, and
kidney and muscle cadmium concentrations were evident in
the tissue concentration data (i.e., the animal with the higher
cadmium muscle concentrations generally also had the higher
cadmium liver and kidney concentrations, with the kidney
concentrations being the highest of all tissues) (Figure 4). The r2

value for the linear regression of the organ concentration values
was 0.67, again indicating a positive relationship.

In the CLFN samples, as with the SRFN samples, correlations
between liver and muscle cadmium concentrations, liver and
kidney concentrations, and kidney and muscle cadmium
concentrations were evident in the tissue concentration data
(Figure 5). The muscle samples had the lowest cadmium
concentrations (range: 0.0011–0.0068 mg/kg). The r2 value
for the linear regression of the organ concentration values
was 0.70, indicating a positive relationship between the
cadmium concentrations in the organ tissues evaluated in
this assessment (plotted on a linear scale). The results of the
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TABLE 2 | CPDFN Moose Details (sex, age, weight, and tissue concentrations).

Moose # Sex Approximate Weight

(lbs)

Age Kidney Cd

(mg/kg wet weight)

Liver Cd

(mg/kg wet weight)

Muscle Cd

(mg/kg wet weight)

1 Male 400 Juvenile, 1 year old 0.209 0.15 <0.01

2 Female 1,100 Adult, 4 years old 6.38 1.02 <0.01

3 Male 1,200 Adult, 7 years old 10.8 2.70 <0.01

4 Female 1,300–1,500 Adult 7.80 1.30 <0.01

5 Male 700 Juvenile 0.827 0.22 <0.01

6 Male 700 Juvenile 1.07 0.29 <0.01

7 Female 700 Adult 38.6 6.62 Not analyzed

8 Male 800 Elderly 34.9 5.89 0.019

9 Male 1,012 Juvenile 12.6 2.57 <0.01

10 Male 700 Juvenile 4.01 1.34 <0.01

11 Female 1,000 Not specified 20.1 2.78 <0.01

12 Female 800 Adult 10.9 1.57 0.011

13 Female 800 Adult 7.60 0.81 <0.01

14 Female 700 Adult 25.0 4.72 0.017

15 Male 800 Juvenile 7.47 1.92 <0.01

16 Female 900 Adult, pregnant 4.23 0.98 <0.01

17 Female 800 Adult, pregnant 4.58 0.94 <0.01

18 Male 600 Juvenile 10.7 1.93 <0.01

19 Female 700 Adult 2.69 0.75 <0.01

20 Female 1,200 Adult, 3 years old 4.01 0.01 <0.01

21 Male Not specified Not specified 2.27 0.65 <0.01

22 Male 1,500 Adult, 3 years old 4.80 1.01 Not analyzed

23 Not specified 1,000 Adult 7.21 1.72 Not analyzed

24 Female 800 Juvenile, 1 year old 0.031 0.01 0.039

25 Male 1,200 Adult 3.01 0.74 <0.01

26 Female 1,200 Adult 78.9 24.50 0.064

< Indicates that cadmium was not measured at a level above its detection limit (i.e., non-detect).

TABLE 3 | SRFN Moose Details (sex, age, weight, and tissue concentrations).

Moose # Sex Approximate weight

(lbs)

Age Kidney Cd

(mg/kg wet weight)

Liver Cd

(mg/kg wet weight)

Muscle Cd

(mg/kg wet weight)

1 Male 750 Juvenile 4.3 0.929 0.0025

2 Male 1,100 Adult 2.21 0.574 <0.002

3 Male 1,200 Adult 5.65 1.05 0.002

4 Female 700 Adult 15.7 3.24 0.0058

5 Male 350–400 Juvenile 0.153 0.149 <0.002

6 Male Not specified Juvenile 2.15 0.73 <0.002

7 Male 1,200 Adult 26 4.51 0.0096

8 Female 300 Juvenile Not analyzed Not analyzed <0.002

9 Male 900 Adult 7.25 1.41 0.0023

10 Female 700 Adult 12.5 0.0243 0.0043

11 Male 1,000 Adult 17.7 4.84 0.0072

12 Male 1,000 Adult 4.79 1.19 0.0026

13 Female 600 Adult 24.8 Not analyzed 0.0057

14 Male 700 Juvenile 1.2 0.494 <0.002

15 Female 1,000 Adult 28.5 3.16 0.0111

< Indicates that cadmium was not measured at a level above its detection limit (i.e., non-detect).
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TABLE 4 | CLFN Moose Details (sex, age, weight, and tissue concentrations).

Moose # Sex Approximate Weight

(lbs)

Age Kidney Cd

(mg/kg wet weight)

Liver Cd

(mg/kg wet weight)

Muscle Cd

(mg/kg wet weight)

1 Male 350 Juvenile 0.246 0.142 0.0019

2 Female 300 Calf 0.566 0.18 0.0046

3 Female 800 Juvenile 0.219 0.566 0.0066

4 Male 600–650 Juvenile, 2 years old 11.1 1.13 0.0067

5 Male 700 Not specified 9.1 1.87 0.0068

6 Female 600 Calf, 4 years old 9.53 1.7 0.0053

7 Male 1,000 Mature 1.89 0.652 0.0011

8 Male 350 Calf, 2 years old 3.49 1.18 0.004

9 Male 300–350 Not specified 4.76 0.653 0.003

TABLE 5 | CPDFN summary statistics (n = 26).

Tissue type Detection limit Minimum Maximum Mean Standard deviation %<DL

Kidney 0.01 0.031 79 12 17 0%

Liver 0.01 <0.01 25 2.6 4.8 4%

Muscle 0.01 <0.01 0.064 0.014 0.013 69%

< Indicates that cadmium was not measured at a level above its detection limit (i.e., non-detect).

TABLE 6 | SRFN Summary Statistics (n = 15).

Tissue type Detection limit Minimum Maximum Mean Standard deviation %<DL

Kidney 0.002 0.15 29 11 10 0

Liver 0.002 0.024 4.8 1.7 1.6 0

Muscle 0.002 <0.002 0.011 0.0044 0.0031 33

< Indicates that cadmium was not measured at a level above its detection limit (i.e., non-detect).

TABLE 7 | CLFN Summary Statistics (n = 9).

Tissue type Detection limit Minimum Maximum Mean Standard deviation %<DL

Kidney 0.001 0.25 11 4.6 4.3 0

Liver 0.001 0.14 1.9 0.86 0.65 0

Muscle 0.001 0.0011 0.0068 0.0044 0.0021 0

sample questionnaires indicate that primarily younger animals
(identified as juvenile and calf) were harvested in this study. As a
result, the data could not be correlated with approximate age.

Figure 6 shows the liver cadmium concentrations plotted
against the kidney cadmium concentrations for the pooled CLFN,
SRFN and CPDFN data. For the pooled data, the r2 value was
0.88, indicating a positive relationship between the cadmium
concentrations in the organ tissues (Figure 6).

Relationship Between Cadmium Kidney
and Liver Concentrations
Danielsson and Frank (2009) investigated cadmium
concentrations in moose kidney and liver tissues using data
from a study of approximately 4,000 moose in Sweden.
They derived a relationship based on both animal age and

sex to express cadmium concentrations in kidney and liver.
The relationship allowed for the estimation of cadmium
concentrations in the kidney from liver values. They determined
that a linear regression of the natural log transformed cadmium
concentrations (estimated as yearly uptake) generated the
relationship Cdkidney = 3.4∗(Cdliver)

0.8, using acronyms of
Cdkidney to represent the cadmium concentration in kidney
and Cdliver to represent the cadmium concentration in the
liver. They stated that the relationship did not account for the
fact that the cadmium concentration in the kidney increased
more rapidly with age than the cadmium concentration in the
liver, and they also assumed that the model was valid for all
moose in the sample for each sex and organ. They ascertained a
relationship of r = 0.77 for their data (where r = 1 denotes a 1:1
relationship).
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FIGURE 2 | Box plot of moose tissue concentrations.

In the application of the Danielsson and Frank equation to
the pooled data from this study, it was observed that it was
useful in predicting the kidney concentrations but was limited to
cases where liver concentrations were less than <1 mg/kg. For
the current assessment, (CLFN, SRFN and CPDFN) when the
liver concentration was used as the predictive variable, a stronger
relationship was seen on a linear scale (r = 0.94, r2 = 0.88;
Figure 6) than for the natural log transformed cadmium values
(r = 0.75, r2 = 0.57; Figure 7). The linear equation of the
pooled data was Ckidney = 3.5∗Cliver+ 2.9; the linear equation
using the kidney concentration as the predictive variable
Cliver = 0.27∗Ckidney− 0.71 provided a stronger correlation (r=

0.96, r2 = 0.92). Neither of the equations was age or sex specific,
and both could be used to predict one organ concentration given
the availability of the other.

DISCUSSION

Cadmium has been identified by the Government of Canada
(2008) as a key contaminant of concern in moose. Kelly et al.
(2010) identified cadmium as one of 13 priority pollutants
investigated in the environment in the vicinity of the Athabasca
River and the mineable oil sands area (i.e., north of the Southern
Athabasca Oil Sands). Cadmium is a naturally occurring metal
that does not break down in the environment, is absorbed
by plants and enters the food chain through consumption
by mammals. Studies have shown that cadmium is naturally
accumulated by willow plants (Robinson et al., 2000; Kuzovkina
et al., 2004) and willows are a forage species for moose

(Gamberg, 2000; McGee et al., 2007). Ingested cadmium
accumulates over time as the animal ages and is primarily
concentrated in the organs, with the kidney accumulating
more than the liver (Gamberg, 2000). Higher cadmium levels
are associated with increased age, which is why older moose
show higher cadmium concentrations (Arnold et al., 2006).
The principal source of cadmium exposure for humans is
through the smoking of cigarettes. For those individuals who
do not smoke, the greatest source of cadmium is from the
diet. Moose organs were identified as the primary source of
cadmium in the diet of First Nations individuals consuming
traditional foods in the 2016 Alberta FNFNES (Chan et al.,
2016).

Moose cadmium tissue concentrations from various

geographic areas in North America are presented in Table 8. The
measured cadmium concentrations in the tissues and organs

from the pooled data are within the same range as concentrations

measured in other northern locations. Concentrations from the
three studies (CPDFN, SRFN, and CLFN) are included at the
bottom of Table 8 and are presented as mean ± standard
deviation in order to facilitate comparison to the other data.

The average concentrations in the three studies are similar
to the muscle, kidney, and liver concentrations reported in the
2016 Alberta FNFNES (Chan et al., 2016), although the FNFNES
(Chan et al., 2016) results were based on a relatively small
sample size (Table 8). For all three studies pooled together, the
average cadmium muscle concentration is 0.0092 mg/kg, the
average kidney concentration is 10 mg/kg and the average liver
concentration is 2.0 mg/kg.
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FIGURE 3 | Moose tissue concentrations - CPDFN.

The average muscle cadmium concentrations in the three
studies (CPDFN, SRFN, and CLFN) are lower than those
reported in other Canadian provinces possibly due to the
influence of local geology on regional soil metal concentrations
(Table 8). The average kidney and liver concentrations in the
three studies are within the range of concentrations reported in
other parts of Canada and the United States. It can be seen from
Table 8 that the data from the CPDFN, SRFN, and CLFN studies
are consistent with what is known about cadmium accumulation
being primarily concentrated in the organs, with the kidney
accumulating more than the liver (Robinson et al., 2000; Parker,
2003).

Risk assessment equations that were used to calculate
benchmark consumption quantities incorporate techniques and
procedures to predict or calculate exposure. The equations
were developed by various regulatory agencies (e.g., US EPA,
Canadian Council of Ministers of the Environment and Health
Canada) and published by academic and scientific literature
sources. Receptor characteristics (e.g., adult body weight of
70.7 kg) and the cadmium toxicological reference value of 1
µg/kg-bw/day (i.e., RfD) based on Health Canada (Health
Canada, 2010, 2012a), were used in the assessment. The 2016
Alberta FNFNES provides consumption rates of moose muscle,
kidney and liver. The FNFNES defined both heavy and mean
consumption rates. Heavy consumers were defined as those
individuals eating at the upper end, or the 95th percentile of

intakes; the mean consumption rate was the mean rate for those
self-identifying as “eaters.” The 95th percentile consumption
rate reported in the 2016 Alberta FNFNES for moose muscle,
kidney and liver were used in combination with the mean
muscle, kidney and liver cadmium concentrations reported in
the FNFNES to calculate benchmark consumption quantities—
amounts of moose muscle and organs that can be safely
consumed (Table 9).

Using the concentration data from the pooled dataset, a
risk assessment was completed and risk-based benchmark
consumption quantities were calculated. In order to
characterize cadmium exposures from sources other than
moose consumption, and to be consistent with (Jin and Joseph-
Quinn, 2003), “background exposure” to other sources of
cadmium was incorporated into the benchmark calculations.
Daily exposure from air, drinking water, food, soil, and cigarette
smoke was assumed to be 0.22 µg/kg-bw/day (CCME, 1996; Jin
and Joseph-Quinn, 2003; Garner and Levallois, 2016). When
the background exposure is subtracted from the toxicological
reference value, an allowable cadmium exposure of 0.78 µg/kg-
bw/day remains [i.e., (1–0.22) µg/kg-bw-day]. The average
muscle and organ concentrations in the CPDFN, SRFN and
CLFN studies were similar to those reported in the 2016
Alberta FNFNES (Chan et al., 2016), therefore the risk-based
benchmark consumption quantities are directly comparable
(Table 9).
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FIGURE 4 | Moose tissue concentrations - SRFN.

FIGURE 5 | Moose tissue concentrations - CLFN.
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FIGURE 6 | Organ tissue cadmium concentrations from pooled dataset.

FIGURE 7 | Comparison of natural log transformed cadmium concentrations from pooled dataset.

For each dataset, the calculations indicated that for adults,
consumption of liver and kidney should be limited to minimal
quantities in order to avoid health risks. For the 95th percentile
consumer or heavy consumer (eating 17.3 g/day kidney), moose
cadmium kidney concentrations of ≤3.1 mg/kg are associated
with a risk estimate (HQ value) of 1.0. Of the 49 kidney samples
from the three studies, 16 samples had cadmium concentrations

below 3.1 mg/kg. For cadmium liver concentrations of ≤2.4
mg/kg, the HQ value is below 1.0 for a consumption rate of
23 g/day of liver (FNFNES heavy consumer). Eleven of 48
liver samples had cadmium concentrations below 2.4 mg/kg.
For moose muscle, consumption of 84 g/day (FNFNES heavy
consumer) of tissue with the average cadmium concentration
(0.0092 mg/kg) resulted in an HQ value below 1.0. None of
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TABLE 8 | Summary of cadmium tissue concentrations.

Geographic area Sample size (n) Muscle concentration

(mg/kg)

Kidney concentration

(mg/kg)

Liver concentration

(mg/kg)

Reference

NE British Columbia 29 0.023 ± 0.010 7.59 ± 5.09 2.31 ± 1.82 Jin and Joseph-Quinn, 2003

Mackenzie Mountains,

NWT

33 – 222.5 (mean) 1.3 to 11.5 GNWT, 2009, Larter and Kandola,

2010

Mackenzie Valley and

Liard Valley, NWT

33 – 26.8 (mean) 0.05 to 9.4 GNWT, 2009, Larter and Kandola,

2010

Yukon Kidney n = 384,

liver n = 56,

muscle n = 37

0.03 ± 0.03 28.11 ± 18.37 4.94 ± 3.52 Gamberg, 2005

Newfoundland Kidney n = 88,

liver n = 79,

muscle n = 5

– 5.29 ± 5.9 1.04 ± 0.59 Brazil and Ferguson, 1989

Sudbury, Ontario

(adult moose)

Not detected 16 2.8 Sudbury Area Risk Assessment,

2005

Algonquin, Ontario Kidney n = 197,

liver n = 187,

muscle n = 108

0.2 51.4 5.7 Glooschenko et al., 1988

Nova scotia – 77.35 (mean) 8.64 (mean) Roger, 2002 (cited by 23)

Quebec – 72.43 (mean) 11.22 (mean) Pare et al., 1999 (cited by 23)

Maine – 26.76 (mean) 5.64 (mean) Scanlon et al., 1986 (cited by 23)

Manitoba – 6.84 (mean) 1.19 (mean) Crichton 2002 (cited by 23)

New Hampshire – 2.39 (mean) 0.70 (mean) Gustafson et al., 2000 (cited by 23)

Alberta Kidney n = 7, liver

n = 8, muscle

n = 9

0.009 (mean) 13.170 (mean) 1.610 (mean) Chan et al., 2016

Janvier, Alberta 26 0.014 ± 0.013 11.95 ± 16.9 2.58 ±4.78 CPDFN

Kinuso, Alberta 15 0.0042 ± 0.003 10.92 ± 9.95 1.72 ± 1.65 SRFN

Cold Lake, Alberta 9 0.0044 ± 0.0021 4.5 ± 4.3 0.90 ± 0.62 CLFN

–, Not available.

TABLE 9 | Summary of benchmark consumption quantities for an Adult.

Moose Tissue Type Average cadmium

concentration (mg/kg)

Moose tissue consumption Rate,

95th Percentile (g/day) (Chan

et al., 2016) Heavy consumer

(average consumer)

Benchmark consumption

quantity (g/day)

Benchmark portions per month

based on Health Canada (2012b),

portion size of 225 g/portion for

an adult

KIDNEY

2016 Alberta FNFNES 13.170 17.3 (3.2) 4.1 0.6

CPDFN, SRFN and CLFN 10 17.3 (3.2) 5.4 0.7

LIVER

2016 Alberta FNFNES 1.610 23.0 (3.4) 33.8 4.6

CPDFN, SRFN and CLFN 2.0 23.0 (3.4) 27.2 3.7

MUSCLE

2016 Alberta FNFNES 0.009 84.0 (17.3) 6,049 818

CPDFN, SRFN and CLFN 0.0092 84.0 (17.3) 5,917 800

(a) Consumption rate for heavy consumer (Chan et al., 2016). Consumption rate for average consumer shown in brackets.

the muscle samples had cadmium concentrations that resulted
in a risk estimate (HQ value) above 1.0, meaning that moose
muscle is safe to consume in quantities in excess of those
reported.

The measured liver and kidney concentrations were
incorporated into the Danielsson and Frank (2009) equation.

When the equation was applied to the measured liver
cadmium concentrations, the calculated kidney cadmium
concentrations were comparable to the measured kidney
cadmium concentration for liver concentrations of <1 mg/kg.
In all cases, measured liver concentrations of <1 mg/kg were
identified in younger animals. For older animals when the
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measured liver concentrations were >1 mg/kg the equation
vastly underestimated the kidney concentrations. In the absence
of measured concentrations of both kidney and liver cadmium in
moose, First Nations communities could use either of the linear
equations of the pooled data to predict one organ concentration
given the availability of the other.

The community focus of the three First Nations’ studies
meant that while the studies were designed to answer community
questions, the information may not be directly transferrable
to addressing a certain scientific hypothesis or to meet the
needs of certain statistical analysis. Even though training was
provided to community harvesters there may have been some
variability in sampling techniques. Limitations also include the
hunters identifying the characteristics of the animals (weight,
age, etc.) and the reliance on newly learned practices to reduce
inadvertent contamination. All of the data were included in
the assessment. The dataset included tissue concentrations for
50 animals and all of the data were considered valid. All but
three of the animals had kidney and liver concentrations below
30 and 5 mg/kg respectively. The incorporation of the three
higher concentrations, without accounting for animal age, may
have introduced uncertainty into the linear equations. The
Pearson’s correlation coefficient for the dataset, excluding the
three highest concentrations, was r2 = 0.77. Further uncertainty
in the assessment includes the calculation of the cadmium
muscle concentrations for the dataset when a number of the
concentrations were below the analytical detection level, and
the inherent uncertainty in the toxicological information. There
is a limited amount of toxicological information on the effects
associated with human exposures to low levels of chemicals in
the environment and the available studies are generally based
on epidemiological studies of occupationally exposed workers,
which may not be applicable to chronic or continuous exposures
to low levels of chemicals.

CONCLUSION

The study provided cadmium tissue concentrations for 50 moose
harvested by three First Nations communities in northern
Alberta. The results show that the measured concentrations of
cadmium in moose muscle and organs in each of the CLFN,
SRFN and CPDFN studies are comparable to those tissue
concentrations reported in the 2016 Alberta FNFNES and other
North American studies. Using consumption rates reported
in the 2016 Alberta FNFNES, the risk assessment calculations
completed indicated that adults can consume moose muscle
in excess of the quantities consumed in the typical diet but
should consume minimal quantities of both liver and kidney in
order to remain below risk benchmarks. The measured tissue

concentrations suggest that the formulae Ckidney = 3.5∗Cliver+2.9
or Cliver = 0.27∗Ckidney− 0.71 can be used to predict either kidney
or liver concentrations when one of these is known. First Nations
communities in northern Alberta can use this relationship in the
absence ofmeasured concentrations of kidney and liver cadmium
to generate approximate tissue concentrations and determine
safe levels for consumption.
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