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Abstract
Hunting, trapping, and fishing are part of an Indigenous lifestyle in subarctic Canada. However, this lifestyle may be a route 
of exposure to contaminants and may pose a risk for the people who rely on a subsistence diet. Monte Carlo simulations for 
the chemical concentration of eight game species and one fish species were carried out by randomly sampling 10,000 sam-
ples from the contaminant measures for each species. We then calculated a probabilistic non-carcinogenic hazard quotient 
or carcinogenic risk values to estimate the human health risk of exposure to contaminants. Of the species examined, ducks 
were of concern for potential carcinogenic risk. There was a modeled probabilistic 95th-percentile risk associated with the 
consumption of ducks and polybrominated biphenyl (PBB) congener 153 in boys, women, and men (1.09 × 10−6, 1.57 × 
10−6, and 2.17 × 10−6, respectively) and, to a lesser extent, with geese and polychlorinated biphenyl (PCB) congener 153 in 
men (1.19 × 10−6). Contaminant concentration in the intake rate (food consumption) for PBB congener 153 exposure risk 
was more important than that for PCB congener 153, where intake rate had greater relevance. The consumption of waterfowl 
may increase the exposure to organohalogens; however, there are health and wellness benefits associated with the harvest-
ing and consumption of subsistence foods that must also be considered. We recommend follow-up species-specific studies 
focused on ducks to clarify and elucidate the results in the present study.
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Introduction

Hunting, trapping, and fishing are central to the Cree Peo-
ples’ way of life, and these activities provide a variety of 
traditional foods (Tsuji et al. 2020). Moreover, the consump-
tion of traditional foods as part of a subsistence lifestyle 

affords nutrients that are limited in the western diet (e.g., 
omega-3 and omega-6 polyunsaturated fatty acids (Ebbes-
son et al. 2005; Valera et al. 2011a)). Noreen et al. (2018) 
found that traditional foods were consumed frequently in our 
study region, up to three times per week; however, up to 39% 
of the diet also came from processed western foods—this 
is comparable to other Indigenous communities in Canada 
(Batal et al. 2018; Ramirez Prieto et al. 2022). Diets rich in 
traditional foods help to offset the consumption of western 
foods low in nutritional value that may lead to adverse health 
impacts (i.e., type 2 diabetes, cardiovascular and neurologi-
cal diseases (Gates et al. 2016; Jeppesen et al. 2014; Munch-
Andersen et al. 2012; Popeski et al. 1991)). Additionally, the 
Cree Peoples’ subsistence lifestyle helps offset the high cost 
of imported foods to the Canadian north (Gates et al. 2012). 
Nonetheless, traditional food consumption is also a potential 
route of exposure to metals and organic contaminants from a 
legacy of chemical use, industry, and resource development 
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in Indigenous territories, and these foods can act as potential 
sources of contaminant exposure (Belinsky and Kuhnlein 
2000; Horak et al. 2014; Liberda et al. 2019; Liberda et al. 
2018; Moriarity et al. 2020a; Nieboer et al. 2017; Ratelle 
et al. 2020; Valera et al. 2011b, 2013). For example, in our 
study region, traditional foods such as fish (e.g., walleye, 
lake trout) have been found to contain high levels of mercury 
(Hg) (Moriarity et al. 2020a), game (e.g., hare) contains high 
levels of lead (Pb), and birds (e.g., ptarmigan and duck) con-
tain high levels of organohalogens (Chan et al. 2021). These 
contaminants have been found in the blood of community 
members living in our study region, therefore suggesting 
some potential exposure from traditional food consumption 
(Liberda et al. 2021a). Atmospheric long-range transport of 
contaminants is also an issue many Indigenous communities 
face in Canada (Pelletier et al. 2021; Wong et al. 2018)—and 
globally (Kyllönen et al. 2020)—and is thought to contribute 
to the environmental contamination of traditional territories.

Environmental contaminants impact subarctic and arctic 
communities at disproportionately higher rates than the urban 
population in Canada because exposure to contaminants is pri-
marily, but not entirely, from the consumption of traditional 
foods that have bioaccumulated and biomagnified contami-
nants up the food chain (Liberda et al. 2018; Moriarity et al. 
2020b; Moriarity et al. 2020a; Tsuji et al. 2007a). Some of these 
contaminants have been known to be neurotoxic (e.g., Hg, Pb) 
(Boucher et al. 2009; Ijomone et al. 2020), endocrine disrup-
tors (e.g., polychlorinated biphenyls (PCBs)) (Bimonte et al. 
2021; Khare et al. 2020; Wainman et al. 2016; Yilmaz et al. 
2020), and potentially carcinogenic (e.g., arsenic (As)) (Koual 
et al. 2019; Park et al. 2020). Essential metals (e.g., copper 
(Cu), selenium (Se)) are important for good health if consumed 
within tolerable limits, but non-essential metals (e.g., As, cad-
mium (Cd)) may be toxic and may have a negative impact on 
health if consumed in quantities that exceed safety thresholds 
(e.g., neurotoxicity, cognitive impairment, carcinogenicity) 
(Tchounwou et al. 2012). Additionally, recent research fur-
ther indicates that metal exposure not exceeding national or 
international guidelines may also illicit negative affect health 
effects (e.g., hepatic, vascular) (Urbano et al. 2022; Urbano 
et al. 2021). Likewise, organohalogens (e.g., PCBs) and pes-
ticides (e.g., dichlorodiphenyltrichloroethane (DDT)) are of 
concern because they persist in the environment. Since these 
compounds have high lipophilicity, they can be stored in the 
fat of traditional foods and, ultimately, in humans following 
consumption and are associated with reproductive and carcino-
genic effects (Adamou et al. 2020; Agus et al. 2021; Kartalović 
et al. 2020; Khare et al. 2020; Reyes et al. 2015; Wainman 
et al. 2016). Therefore, there may be a cause for concern for 
the potential health hazard or risk of exposure to these contami-
nants from the consumption of traditional foods.

In light of these concerns—and a paucity of stud-
ies employing unique modeling of probable exposure to 

contaminants from traditional food consumption in Indig-
enous communities—the purpose of this study was to exam-
ine the potential routes of exposure to metals and organohal-
ogens from the consumption of traditional foods in the Cree 
traditional territory of Eeyou Istchee in northern Quebec, 
Canada, and evaluate the hazard quotient or carcinogenic 
risk to Eeyouch (Cree Peoples) of this territory who con-
sume traditional foods as part of a subsistence lifestyle. The 
ultimate goal was to provide hazard or risk information to 
Eeyouch in this territory who consume traditional foods and 
enable community members to make informed decisions for 
their health.

Methods

Study region

The nine Cree communities of eastern James and Hudson 
Bay, Quebec, make up the traditional territory known as 
the Eeyou Istchee (currently, eleven communities; Fig. 1). 
These communities vary in isolation, with inland commu-
nities accessible by road, air, and water, and some coastal 
communities only accessible by air and water. Traditional 
activities vary by community, but hunting remains an essen-
tial aspect of traditional practices in this region (Gaudin 
et al. 2014; Giroux et al. 2022). For this study, under the 
guidance of the Cree Trappers’ Association, we collected 
meat samples from traditional wild game harvested by the 
Cree of Whapmagoostui, Chisasibi, Wemindji, Eastmain, 
Waskaganish, Nemaska, Waswanipi, Ouje-Bougoumou, and 
Mistissini First Nations.

Sample collection

Aseptic sampling kits were assembled and shipped to each 
Cree Trappers’ Association representative in each commu-
nity. These kits consisted of wide-mouth Nalgene™ sample 
bottles, nylon gloves, sample bags, scalpel blades, pre-made 
labels, sample information sheets, and indelible markers. 
Training for aseptic field techniques was provided to the 
Cree Trappers’ Association representatives, and additional 
instructions were provided to all hunters who provided sam-
ples for analysis.

Sample analysis

Metal contaminant analysis

All tissue samples were analyzed at the Centre de Toxi-
cologie du Québec (CTQ), Institut National de Santé 
Publique du Québec (INSPQ), an ISO 17025–accredited 
laboratory. Tissue samples were initially lyophilized with 
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10.00 grams (g) placed in a Nalgene™ flask and then fro-
zen at − 80 °C, followed by freeze-drying for 48 h. The 
tissue was ground prior to weighing for digestion. Diges-
tion of lyophilized tissues (200 milligrams (mg)) was 
performed using concentrated nitric acid (2.00 milliliters 
(mL), ultrapure). The digest was diluted with 200 microlit-
ers (μL) of concentrated hydrochloric acid and 5.00 mL of 
diluent (aqueous solution containing 0.002% (m/v) l-(+)-
cysteine and 100 micrograms (μg)/L (v/v) gold, and 100 
μL ethanol). Germanium, indium, platinum, rhenium, 
rhodium, and platinum-terbium (1.00 mL of 0.20 μg/mL) 
were added as internal standard. Prior to ICP-MS analysis, 
2 mL of the diluted digest was further diluted with 7.90 
mL of diluent and 100 μL of ethanol.

Twenty-four metals (aluminum (Al), antimony (Sb), As, 
barium (Ba), beryllium (Be), bismuth (Bi), Cd, cesium (Cs), 
chromium (Cr), cobalt (Co), Cu, Pb, manganese (Mn), Hg, 
molybdenum (Mo), nickel (Ni), Se, silver (Ag), thorium 
(Th), tin (Sn), uranium (U), vanadium (V), tellurium (Te), 
and thallium (Tl)) were analyzed on a single-quadrupole 
ICP-MS (Elan DRC II from Perkin Elmer) with autosampler 
ESI-SC-4 and workstation Elan version 3.0.

The method was developed and validated for monitoring 
purposes following ISO 17025 guidelines. Limits of detec-
tion were determined using 3 standard deviations from 10 
consecutive measurements of a representative sample and 
varied from 6.40 × 10−4 mg/kg (Cs) to 0.50 mg/kg (Al). 
Quality control was performed using certified reference 
material (DOLT-5 from NRC and NIST 1640a from NIST) 
and laboratory-made reference material (FANI 1207) 
after every 10th sample and at the end of each analytical 
sequence.

Organic contaminant analysis

As with metal contaminants, organic analysis was also 
performed at the INSPQ. All tissue samples were assessed 
for PCB congeners (28, 52, 99, 101, 105, 118, 128, 138, 
153, 156, 163, 170, 180, 183, 187, 194, and 209), β-HCH, 
α-chlordane, γ-chlordane, oxychlordane, cis-nonachlor, 
trans-nonachlor, mirex, o,p′-DDE, p,p′-DDE, o,p′-DDT, 
p,p′-DDT, o,p′-DDD, p,p′-DDD, Parlar 26, Parlar 32, Parlar 
50, Parlar 62, polybrominated biphenyl (PBB) 153, polybro-
minated diphenyl ether (PBDE) 47, PBDE 99, PBDE 100, 
PBDE 153, and PBDE 154. Sample weight varied by the 
nature of the matrix and fat content and ranged from 300 to 
500 mg of fish and animal tissues. All tissue samples were 
lyophilized and mixed with 200 μL of hexane followed by 
enrichment with internal standards (α-HCH-13C6, β-HCH-
13C6, oxychlordane-13C10, trans-nonachlor-13C10, 
o,p′-DDE-13C12, o,p′-DDD-13C12, o,p′-DDT-13C12, 
p,p′-DDE-13C12, p,p′-DDD-13C12, PCB 28-13C12, 
PCB 52-13C12, PCB 118-13C12, PCB 141-13C12, PCB 
153-13C12, PCB 180-13C12, PCB 194-13C12, Parlar 
26-13C10, Parlar 50-13C10, PBDE 77-13C12, and PBDE 
153-13C12) prior to the addition of 10 mL of acetonitrile. 
Vortexed samples were extracted using ultrasonication 
before chemically drying using a magnesium sulfate and 
sodium acetate mixture. The samples were then extracted 
and purified by the QuEChERS methodology with the Supel 
QuE Z-Sep+ extraction powder (Supelco/Sigma-Aldrich, 
Oakville, Ontario, Canada), then evaporated to dryness. 
After reconstitution in 1.00 mL of hexane, the samples were 
purified on silica gel cartridges and eluted with 5.00 mL of 
dichloromethane:hexane (25:75) mixture. Before injection 

Fig. 1   The Eeyou Istchee 
territory of northern Quebec, 
Canada. Adapted from Liberda 
et al. (2019)
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in the APGC-MS/MS, samples were evaporated to dryness 
and reconstituted in 300 μL of hexane.

Sample extract (1.00 μL) was assessed on an APGC-MS/
MS with an Agilent 7890B gas chromatograph (GC; Agilent 
Technologies, Mississauga, Ontario, Canada) coupled with 
a Waters Xevo TQ-XS tandem mass spectrometer (MS/MS; 
Waters, Milford, MA, USA) and fitted to the MS/MS with an 
Agilent 30m DB-XLB column (0.25 millimeters (mm) i.d., 
0.10 μm film thickness) with a run time of 41.93 min. Ions 
were measured in multiple reaction monitoring post-atmos-
pheric pressure ionization in positive mode. Lipid content 
was determined using gravimetry with 500 mg of a tissue 
sample. The limits of detection (LODs) for all compounds 
ranged from 3.30 × 10−2 to 0.27 μg/kilogram (kg). The LOD 
was determined using a signal-to-noise ratio of 3, and qual-
ity control was assessed using fish tissue (SRM-1947) con-
taining almost all the analyzed compounds and was provided 
by the National Institute of Standards & Technology (NIST; 
Gaithersburg, MD, USA).

Statistical analysis

Data analysis was initially limited to traditional foods with 
samples of n ≥ 5; this criterion yielded eight traditional wild 
game meats and one species of fish for a total of 151 samples 
(n = 151) (Table 1). The traditional foods included bear 
(Ursus americanus), beaver (Castor canadensis), caribou 

(Rangifer tarandus), duck (Anatidae spp.), goose (Anser 
spp.), moose (Alces alces), grouse (Tetraonini spp.), hare 
(Lepus americanus), and walleye (Sander vitreus). Data 
values for each contaminant less than the minimum level of 
detection (MLOD) were assigned numerical values of 50% 
of the MLOD (US Environmental Protection Agency (EPA) 
2000; US EPA 2015a) to allow for statistical analyses. R 
version 3.6.3 (R Core Team 2020) was used to determine 
the arithmetic mean and standard deviation, minimum, 5th to 
99th percentiles, and maximum value for each contaminant.

Traditional food contaminant data for both metals and 
organohalogens were further limited and subject to a proba-
bilistic risk assessment calculation if the traditional food sam-
ple contained 50% or more valid detects (i.e., excluding non-
detects and/or adjusted MLOD values), and the mean tissue 
concentration was at least 0.01 mg/kg for metals and 1.00 × 
10−4 mg/kg for organohalogens. Contaminants meeting the 
criteria for each traditional food are summarized in Table 1.

Probabilistic risk assessment

The consumption of the traditional foods was then used to 
determine the potential route of exposure for each contaminant. 
Consumption data of each traditional food by demographic 
was based on Health Canada (2007), suggesting a serving size 
of 75 g per serving, where girls and boys were assumed to 
eat one serving, women two servings (150 g), and men three 

Table 1   Contaminants included 
in the probabilistic hazard or 
risk examinations by traditional 
food

Metals: Al aluminum,  Sb antimony, Ba barium, Cd cadmium, Cr chromium, Cu copper, Pb lead, Hg mer-
cury, Mo molybdenum, Ni nickel, Se selenium, Sn tin; organohalogens: PCB polychlorinated biphenyl, 
PBB polybrominated biphenyl, PBDE polybrominated diphenyl ethers, DDD dichlorodiphenyldichloroeth-
ane, DDE dichlorodiphenyldichloroethylene, DDT dichlorodiphenyltrichloroethane

Traditional food Contaminant

Metals Organohalogens

Bear (n = 15) Al, Ba, Cd, Cr, Cu, Pb, Hg, Mo, Ni, Se PCB 153, PCB 170, PCB 180, PCB 52
Beaver (n = 22) Al, Cd, Cr, Cu, Pb, Hg –
Caribou (n = 5) Ba, Cd, Cu, Pb, Hg, Se –
Duck (n = 7) Al, Ba, Cd, Cr, Cu, Pb, Hg, Mo, Se Cis-nonachlor, mirex, oxychlordane, PBB 153, 

PBDE 100, PBDE 153, PBDE 154, PBDE 
47, PCB 101, PCB 118, PCB 128, PCB 138, 
PCB 153, PCB 156, PCB 163, PCB 170, 
PCB 180, PCB 183, PCB 187, PCB 194, 
PCB 28, PCB 52, PCB 99, p,p′-DDD, p,p′-
DDE, p,p′-DDT, β-hexachlorocyclohexane, 
toxaphene Parlar 26, toxaphene Parlar 50, 
trans-nonachlor

Goose (n = 23) Sb, Ba, Cu, Pb, Mo, Se PCB 153, p,p′-DDE
Grouse (n = 13) Ba, Cd, Cu, Pb, Mo, Se, Sn –
Hare (n = 19) Ba, Cd, Cr, Cu, Se –
Moose (n = 37) Al, Ba, Cd, Cr, Cu, Pb, Se –
Walleye (n = 10) Ba, Cu, Pb, Hg, Se, Sn Cis-nonachlor, PBDE 100, PBDE 47, PBDE 

99, PCB 118, PCB 128, PCB 138, PCB 153, 
PCB 170, PCB 180, PCB 187, p,p′-DDE
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servings (225 g). Additionally, the daily portions of these ani-
mal species were adapted from our previous work (Nieboer 
et al. 2013) from the monthly consumption of traditional foods 
in our study region. The consumption of these traditional foods 
in grams per day (g/day) by demographic is listed in Table 2.

Deterministic hazard and risk assessments provide results 
that can be readily compared to a threshold to assess or evalu-
ate contaminants’ potential harm or probability of risk of 
injury or cancer. However, deterministic approaches to haz-
ard or risk assessment are limited as they only provide a static 
snapshot of the contaminant under investigation and can be 
easily skewed by extreme contaminant values and/or small 
sample sizes; therefore, a level of uncertainty arises in inter-
preting the results (Kirchsteiger 1999). Consequently, one 
way to reduce these uncertainties is to use Monte Carlo simu-
lations to estimate the probabilistic hazard or risk in place of 
a deterministically derived approach. This resampling tech-
nique samples multiple iterations of the probability distribu-
tion of the contaminant tissue concentration data for each 
traditional food to acquire a range of probable outcomes that 
are then used to calculate hazard or risk (US EPA 2015b).

We used descdist in the fitdistrplus package (Delignette-
Muller and Dutang 2015) in R version 3.6.3 to estimate the 
distribution of the chemical concentration in the traditional 
foods prior to running probabilistic simulations. Monte 
Carlo probabilistic simulations for the chemical concentra-
tion in the species were then carried out by randomly sam-
pling 10,000 iterations from log-normal distributions result-
ing from the actual contaminant concentrations for each 
traditional food and then inputting this estimate into a cal-
culation (Eq. 1) for chemical intake from food (The Agency 
for Toxic Substances and Disease Registry (ATSDR) 2019):

(1)
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IR
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× 10

−3

(
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)

where I is the intake of the chemical in milligrams per 
kilogram of body weight per day (mg/kg/d), C is the proba-
bilistic chemical concentration in the animal species in mil-
ligrams per kilogram (mg/kg), IR is the intake rate of food 
in grams per day (g/d), EF is the exposure frequency in days 
per year (d/y), ED is the exposure duration in years (y), AT 
is the averaging time in days, and BW is the bodyweight in 
kilograms (kg). The exposure duration for girls and boys was 
the median age of the population at 9 years old and 40 years 
old for women and men as this is a relatively young popula-
tion overall. Body weights in the calculation were normalized 
based using the following data from Moriarity et al. (2020b): 
62.98 ± 21.41 kg for girls, 65.98 ± 23.14 kg for boys, 91.59 
± 20.37 kg for women, and 96.08 ± 18.56 kg for men as these 
measures are representative of consumers in our study region.

We then used the EnviroPRA (Barrio-Parra and 
Dominguez-Castillo 2017) package in R version 3.6.3 using 
the probabilistic chemical intake (I) for either a non-carcino-
genic hazard quotient (HQ; Eq. 2) or risk (R; Eq. 3) depend-
ing on the type of contaminant to estimate a probability of 
the human health risk of exposure to contaminants from the 
intake of the nine traditional foods:

where RfD is the reference dose in mg/kg/day, and SF is the 
slope factor in (mg/kg/day)−1. The reference doses and slope 
factors for each contaminant are presented in Tables S1 and 
S2. We then determined the 5th to 99th percentiles for all HQ 
or R values; the set target for each HQ or R was 95th percentile 
greater than 1.00 or 1.00 × 10−6, respectively, based on EPA 
(2005) guidelines for hazard and risk assessment. The ggplot2 
(Wickham 2016) package in R was used to create boxplots 
for traditional foods where the 95th-percentile probabilistic 
risk exceeded 1.00 × 10−6. Additionally, a sensitivity analy-
sis (Jiménez-Oyola et al. 2020; Öberg and Bergbäck 2005) 
was applied when the 95th-percentile HQ (HQ95) was greater 
than 1.00, or the 95th-percentile risk (R95) was greater than the 
lifetime attributable risk of 1.00 × 10−6 for each traditional 
food and contaminant. The sensitivity analyses were carried 
out using the Spearman’s rank correlation coefficient (ρ) using 
10,000 iterations and p < 0.05.

Results

Contamination of traditional foods

The arithmetic means, standard deviation, minimum, 5th 
to 99th percentiles, and maximum value for each metal and 

(2)HQ =
I

RfD

(3)R = I × SF

Table 2   Consumption of traditional foods by demographic in the 
Eeyou Istchee 

Traditional food Mass of food consumed per day (g/day)

Girls Boys Women Men

Bear 1.050 0.550 0.900 3.450
Beaver 1.280 0.950 3.800 8.850
Caribou 1.350 1.680 2.400 7.350
Duck 0.830 2.250 5.750 9.150
Goose 5.300 7.800 13.50 21.90
Grouse 1.100 1.430 3.100 8.400
Hare 1.330 2.280 5.150 11.70
Moose 3.130 3.800 12.80 19.65
Walleye 0.780 3.630 7.300 11.48
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organic contaminant are presented in Tables S3 and S4 for 
each of the nine traditional foods, respectively.

Metals

In all traditional foods, the descending order of metal con-
centrations was ranked as follows: Al > Cu > Se > Hg > 
Pb > Cd > Cr > Ba > Sn > Ni > Sb ≈ Mo. The highest 
median metal concentration was for Cu in goose (4.60 mg/
kg), and the maximum metal concentration was for Al in 
moose (510.00 mg/kg). The median Se concentration was 
1.60 mg/kg in duck, and the median Hg concentration was 
0.58 mg/kg in walleye. The median concentrations of the 
remaining metals were all less than 0.22 mg/kg (beaver, 
Pb). The highest mean metal concentrations of Al and Cu 
were found in moose at 29.09 mg/kg and 12.16 mg/kg, 
respectively (Table S3). These metal concentrations were 
also elevated in bear and duck compared to other tradi-
tional foods’ metal mean concentrations. The mean metal 
concentration of Pb and Cd was highest in beaver at 0.88 
mg/kg and 0.26 mg/kg, respectively; Ba was highest in 
hare (0.51 mg/kg); Sn was highest in grouse and walleye, 
equally (0.04 mg/kg); Ni was highest in and limited to tis-
sue samples in bear (0.03 mg/kg); Sb was highest in and 
limited to tissue samples in goose (0.02 mg/kg); and Mo 
was equivalently highest in bear, duck, and goose (0.02 
mg/kg).

Organohalogens

The highest mean and median concentrations of an 
organohalogen were for PCB congener 153 (mean: 0.56 
mg/kg; median: 0.53 mg/kg) and p,p′-DDE (mean: 0.56 
mg/kg; median: 0.54 mg/kg), respectively, in ducks. The 
highest concentration of an organohalogen was tied for 
PCB congener 153 and p,p′-DDE in ducks at 1.30 mg/
kg. Overall, ducks had the highest concentrations of 
organohalogens compared to bears, geese, or walleye 
(Table S4). The other organohalogen mean and median 
concentrations were lower than approximately 0.38 mg/
kg.

Probabilistic risk assessment

Metals

In all traditional food samples, the resulting probabilistic 
95th-percentile HQ (HQ95) for each modeled metal con-
taminant concentration was below 1.00 (Table S5).

Organohalogens

Two traditional foods, goose and duck, yielded a potential 
risk (R95 > 1.00 × 10−6) of exposure to organohalogens 
PCB congener 153 (Fig. 2) and PBB congener 153 (Fig. 3) 
for selected demographics. The remaining R95 for other 
organohalogens and traditional foods was less than 1.00 
× 10−6 (Table S6). The R95 for the men’s consumption of 
goose was 1.19 × 10−6 (Fig. 2), and the sensitivity analysis 
(Fig. 4; Table S7) revealed that the parameters influencing 
a risk were the C of PCB congener 153 (ρ = 0.78) and the 
IR (ρ = 0.53); BW had less influence on risk (ρ = − 0.13). 
The R95 for the consumption of duck of boys, women, and 
men was 1.09 × 10−6, 1.57 × 10−6, and 1.19 × 10−6, respec-
tively (Fig. 3). The parameters C and IR for PBB congener 
153 had a positive influence on risk for boys, women, and 
men (ρ range C: 0.88–0.90; ρ range IR: 0.38–0.44), where 
BW had a less influence on risk for boys (ρ = − 0.19), and 
women and men (ρ = − 0.12) (Fig. 4; Table S7).

Discussion

The modeled probabilistic exposure to contaminants from 
consuming traditional foods has been examined in the lit-
erature for the general population (Fakhri et al. 2018; San-
aei et al. 2021; Wong et al. 2020) and, to a lesser extent, 
Indigenous communities in Canada (Juric et al. 2018; Juric 
et al. 2017). Our study’s main results establish there is an 
increased risk of exposure to organohalogens for some of 
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Fig. 2   Carcinogenic probabilistic risk from the consumption of goose 
contaminated with PCB congener 153. The box on the boxplot has a 
lower probabilistic risk range of P5, a mid-range (black line) of P50, 
and an upper range of P95. The lower whiskers indicate minimum 
probabilistic risk, while the upper whiskers indicate maximum proba-
bilistic risk. The dashed red line indicates a carcinogenic risk thresh-
old of 1.00 × 10−6
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the demographics in our study region: men have a risk of 
exposure to PCB congener 153 from the consumption of 
goose, and boys, women, and men have a risk of expo-
sure to PBB congener 153 from the consumption of duck. 
Overall, however, the hazard or risk of exposure to metals 
and other organohalogens from the traditional foods in the 
study region is encouragingly low.

This study is beneficial in that it adds new information 
that aids to satisfy the knowledge gap of exposure to con-
taminants from consuming traditional foods in Indigenous 
communities and adds to the existing literature for mod-
eled probabilistic exposure assessment. To our knowledge, 
this is one of the largest and most detailed contaminant 
and exposure studies in the study region. The outcomes of 
this study are crucial in communities where subsistence 
hunting, trapping, and fishing are carried out. However, we 
note here that the estimated portion sizes based on Health 
Canada (2007) may have influenced the intake and, thus, 
potential exposure to contaminants in our study. There-
fore, we urge a precautionary approach to interpreting the 
results of this preliminary study.

Characterizing risk from metals

Exposure to metals from traditional cultural foods in 
Indigenous communities has been found to be of rela-
tively low risk in previous studies in our study region 
(Belinsky and Kuhnlein 2000; Liberda et al. 2021b; Nie-
boer et al. 2017). Similar results have been demonstrated 
in other Indigenous communities in Canada (Bordeleau 
et al. 2016) and in other parts of the world (Carpenter 
2014). However, we note that low risk does not imply 
no risk. For example, the HQ95 for exposure to Hg from 
the consumption of walleye is approaching 1.00 for men, 
and though this is a known contaminant issue in the study 
region (Moriarity et al. 2020b; Moriarity et al. 2020a), it 
is important to highlight that exposure to Hg continues 
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Fig. 3   Carcinogenic probabilistic risk from the consumption of duck 
contaminated with PBB congener 153. The box on the boxplot has a 
lower probabilistic risk range of P5, a mid-range (black line) of P50, 
and an upper range of P95. The lower whiskers indicate minimum 
probabilistic risk, while the upper whiskers indicate maximum proba-
bilistic risk. The dashed red line indicates a carcinogenic risk thresh-
old of 1.00 × 10−6
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Fig. 4   Sensitivity analysis results (Spearman’s ρ) for contribution to organohalogen exposure from traditional foods by a consumer group when 
the R95 was greater than 1.00 × 10−6
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to be an issue in the study region and requires follow-up 
monitoring. Additionally, exposure to metals in Indig-
enous communities is linked to lifestyle factors (e.g., Cd) 
such as smoking (Charania et al. 2014; Ratelle et al. 2018) 
or the use of Pb ammunition (Liberda et al. 2018; Tsuji 
et al. 2008a, 2008b; Tsuji et al. 1999; Tsuji et al. 2009; 
Tsuji and Nieboer 1997) to hunt traditional foods and are 
therefore not directly related to a risk of exposure directly 
from a contaminated natural environment. Additionally, 
since the consumption of these traditional foods does not 
demonstrate metal exposure hazards in our present study, 
the discussion of our results is therefore focused on the 
risk of exposure to organohalogens.

Characterizing risk from organohalogens

Assessing risk following exposure to organohalogens is 
complex as exposure to these contaminants is not in isolation 
but to a mixture of contaminants rather than a single con-
taminant at one time (Akbar et al. 2021; Aminov et al. 2016; 
Aminov and Carpenter 2020; Liberda et al. 2021a). How-
ever, since many organohalogens have similar health effects 
and some have established dietary routes of exposure (that is 
fish and exposure via airborne pathways) (Weitekamp et al. 
2022), we can characterize the risk of traditional food con-
sumption in our study region. This approach has been used 
in previous studies (Huang et al. 2022; Naqvi et al. 2020; 
Sari and Esen 2022). Therefore, investigating any route of 
exposure from organohalogens is critical to estimating the 
potential risk to humans following exposure from consuming 
contaminated food.

A risk analysis is more specific than a hazard analysis 
because the risk is a quantifiable probability and hazard 
is not (Lofstedt 2011). Our study’s results demonstrate a 
slightly increased risk of exposure to PCB congener 153 for 
the male consumption of goose (Fig. 2). There is a slightly 
increased risk of exposure to PBB congener 153 for boys’ 
consumption of ducks and an increased risk of exposure to 
PBB congener 153 (Fig. 3) from the consumption of ducks 
for women and men. Previous studies have indicated the 
presence of these organohalogens in geese and ducks (Ali 
et al. 2017; Horak et al. 2014; Pesiakova et al. 2018; Tomza-
Marciniak et al. 2019); however, there are no studies that we 
are aware of assessing the risk of consuming contaminated 
geese and ducks for Indigenous community members who 
rely on traditional foods as part of a traditional cultural diet, 
as in Eeyou Istchee. Furthermore, the overall risk following 
exposure to other organohalogens from the traditional foods 
in our study region is below the lifetime attributable risk of 
1.00 × 10−6; therefore, we limit our discussion of risk of 
exposure from traditional food consumption to an R95 value 
greater than this threshold.

PCB congener 153 exposure and risk from goose 
consumption

PCBs are persistent organic pollutants that were banned 
from manufacture in the late 1970s in Canada and the United 
States (Canada 2009a; US EPA 2015c), but do not break 
down in the environment and, thus, persist and bioaccumu-
late in organisms (Erickson 2018; Khare et al. 2020). PCBs 
are also associated with adverse health outcomes (Carpenter 
2006); however, because exposure is often to mixtures of 
PCBs, it is difficult to precisely ascertain which congener 
is responsible for a specific health outcome—some animal 
studies have attempted to fill in this gap (Johansen et al. 
2011). In our study, there is an increased risk (R95 = 1.19 × 
10−6) of exposure to PCB congener 153 from the consump-
tion of goose for men (Fig. 2). It is a slight risk but does 
exceed the lifetime attributable risk (1.00 × 10−6).

Of the 23 samples of goose collected for this study, 16 
had detectable limits of PCB congener 153 with a median 
of 4.50 × 10−4 mg/kg and a range of 9.00 × 10−5 to 5.40 × 
10−3 mg/kg, which are higher values than a previous study 
(Tsuji et al. 2007b) carried out in a similar James Bay Cree 
community in Ontario, Canada (median: 1.00 × 10−4 mg/
kg; maximum: 8.00 × 10−4 mg/kg). Furthermore, although 
we are unable to determine the different species of goose in 
our study, Tsuji et al. (2007b) confirm that seasonality influ-
ences contamination greatly among Canada geese (Branta 
canadensis), but not lesser snow geese (Chen caerulescens 
caerulescens), which may impact the extrapolation of our 
results.

Since the risk of exposure to PCB congener 153 is slight, 
we do not foresee goose consumption as a significant risk to 
the men who consume it in our study region. Men consume 
nearly twice as much goose as women (Table 2) and four 
times as much as children; therefore, we are not surprised 
that the sensitivity analysis showed that IR was a contribut-
ing factor to this risk because men consume more goose than 
the other demographics (Fig. 4; Table S7). Moreover, if this 
risk was a genuine concern, a slight reduction in consump-
tion of approximately 3.5 g/day would be sufficient to bring 
the risk below the lifetime attributable risk of 1.00 × 10−6.

What may be of concern, however, is that the tissue con-
centration of PCBs seems to be increased in goose tissue 
compared to past studies (Braune and Malone 2006; Tsuji 
et al. 2007b), possibly indicating increasing PCB concen-
trations in geese in North America. However, we urge a 
cautionary view because we do not have specific harvest-
ing locations, nor do we have specifics about the species of 
goose. Also, the sensitivity analysis showed that the con-
centration of the PCB congener 153 in the goose tissue was 
the greatest overall contributor to the attributable risk from 
consuming this traditional food. Therefore, we posit that 
additional study is required as previous work (Liberda et al. 
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2014) found that PCB congeners in blood were elevated in 
adults in this study region, but a route of exposure is not 
fully elucidated yet.

For comparison in other Indigenous communities in Can-
ada and globally, traditional foods such as fish (e.g., arctic 
char) and marine mammals (e.g., whale) are contaminated 
with PCB congener 153—and other PCBs—and are the 
probable route of exposure, following consumption, to PCB 
congener 153 (Curren et al. 2015; Lakhmanov et al. 2020; 
Muckle et al. 2001; Singh et al. 2014). Consequently, there 
may be a risk to human health consuming these traditional 
foods, although most studies indicate the risk is slight, as 
does our study following the consumption of goose. Moreo-
ver, to our knowledge, there are no studies linking the con-
sumption of goose, nor risk of exposure, to PCB congener 
153. However, Tsuji et al. (2007b) found that PCB congener 
153 was detected in breast tissue of Canada geese and lesser 
snow geese in a similar Indigenous region in Canada; thus, 
it is possible, but uncertain, that the consumption of goose 
could be a route of exposure to PCB congener 153. Nonethe-
less, further research is required.

PBB congener 153 exposure risk from duck consumption

The ducks in this study are contaminated with organohalo-
gens, and PBB congener 153 seems to pose a risk to boys, 
women, and men as the probabilistic risk values 1.09 × 10−6, 
1.57 × 10−6, and 1.19 × 10−6, respectively, exceed the life-
time attributable risk of 1.00 × 10−6 (Fig. 3). PBB congener 
153 was typically used in fire retardants, foams, and plastics, 
and like PCB congener 153, it was banned from manufacture 
since the 1970s in the United States (Kodavanti and Logana-
than 2014), but only since 1989 in Canada (Canada 2009b). 
However, PBB congener 153 does not persist in the environ-
ment in the same manner as PCB congener 153; it is typi-
cally more of a human health risk during acute, high-dose 
exposures, like those in accidental contaminations (Chang 
et al. 2020), although long-term epigenetic changes from 
chronic exposure to PBB congener 153 have been observed 
recently (Greeson et al. 2020).

Therefore, our findings suggest that these ducks were 
exposed to PBB congener 153 at some point in their life 
cycle; however, we are unable at the current time to elucidate 
when, where, how, or if the ducks’ exposure was chronic or 
acute.

There were seven duck samples used in our study, six of 
those had detectable limits of PBB congener 153, with a 
median value of 2.68 × 10−3 mg/kg and a range of 4.60 × 
10−4 to 5.50 × 10−3 mg/kg. Boys, women, and men all had 
an R95 value greater than 1.00 × 10−6 for the consumption 
of duck as a traditional food (Table S6) using an oral slope 
factor of 8.90 (mg/kg/day)−1, and the sensitivity analysis 
demonstrated that the greatest contributor to this risk was 

the concentration of PBB congener 153 in the duck tissue 
(Fig. 4; Table S7). However, due to a paucity of studies with 
comparable information on traditional food consumption 
and/or the route of exposure to PBB congener 153 and other 
flame retardants, it is uncertain if these tissue concentrations 
pose an actual risk.

We further analyzed the data to elucidate why the tra-
ditional consumption of ducks led to an increased risk for 
some demographics in our study region. Following this 
reassessment, we noticed that three out of the available six 
duck samples had a range of 4.60 × 10−3 to 5.50 × 10−3 
mg/kg, while the other three had a range of 4.60 × 10−4 to 
6.70 × 10−4 mg/kg. The higher PBB congener 153 duck 
tissue concentrations came from fish-eating ducks, as the 
samples could be identified as such, rather than the more 
commonly consumed dabbling ducks in the study region. 
Fish is a known route of exposure to PBBs and other per-
sistent organic compounds, whereas fish with higher fat is 
associated with increased PBB concentrations (Kodavanti 
and Loganathan 2014). Moreover, since the study region 
community members favor dabbling ducks because they 
have a less fishy taste and these ducks typically have lower 
tissue concentrations of PBB congener 153, we believe that 
this is not a genuine risk to those who consume ducks as 
a traditional food (Nieboer et al. 2013). However, a previ-
ous study (Liberda et al. 2014) in our study region found 
that PBB congener 153 was present in the blood plasma 
of women and men, but not boys; we therefore infer that 
given the frequent consumption of duck by women and men 
(Table 2) in our study region, there could potentially be an 
association between the consumption of duck and exposure 
to PBB congener 153, although this is entirely speculative, 
and we do not imply a route of exposure. Still, since we have 
no information on the specific duck species in our study, fur-
ther research is required to ascertain if we are correct about 
risk and exposure and, more importantly, to investigate why 
some of our duck samples have such high tissue concentra-
tions of organohalogens.

Limitations

There were several limitations to our study that are impor-
tant to highlight. First, we were unable to account or con-
trol for seasonality in the collection of the traditional foods, 
which can influence the level of contaminants. For exam-
ple, Tsuji et al. (2007b) found that Canada geese sampled in 
the spring had PCB concentrations that were considerably 
higher than the fall harvested birds. We also experienced 
issues with the exact speciation of some traditional foods; 
thus, we had to group some of the foods under a global fam-
ily name versus a specific species. For example, we could 
not differentiate between duck species other than fish-eat-
ing ducks and others. Additionally, we note that traditional 
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foods are not consumed all year round as they are based on 
availability and seasonality, so the modeled risk may over-
estimate the real-world risk; this also limits the potential 
modeling of a bolus dose hazard or risk in this study. In 
addition, the chemical analyses were on raw tissue sam-
ples, and it is known that the cooking (or smoking) of the 
games’ meats may influence lipid levels and contaminant 
concentration in the cooked game meats. We also note that 
we could not account for the specific part of the traditional 
food being sampled (e.g., muscle tissue versus organ tissue) 
in all cases, and this could have skewed the contaminant 
levels when analyzed and/or limited our interpretation of the 
results. Furthermore, although we have successfully mod-
eled the probabilistic risk of exposure to the contaminants 
in our study region, we have no human biomarkers to aid 
in confirmation of the route of exposure from traditional 
foods. Lastly, we note that all samples came from the Eeyou 
Istchee region and that some organisms, mainly fish, may 
show differing contaminant profiles within this area due to 
their location and life cycles. Despite these limitations, we 
are confident in our study’s novel and meaningful results that 
will promote further research.

Conclusion

This study assessed the probabilistic exposure to contami-
nants from the consumption of traditional foods in Eeyou 
Istchee. As presented, most traditional foods did not appear 
to cause increased harm or risk of exposure to contaminants 
after consumption. Consuming goose may expose men to 
PCB congener 153, but goose consumption is typically sea-
sonal. However, the consumption of duck may be of concern 
to Eeyouch boys, women, and men living in this region, as 
there appears to be a risk of exposure to PBB congener 153. 
Additionally, duck is a traditional food with a low risk of 
exposure to contaminants overall, but duck tissue samples 
from this region are highly contaminated with organohalo-
gens (i.e., PCBs, PBBs, and pesticides) and further investi-
gation is warranted. In the interim, the risks of eating this 
traditional food should be balanced with the benefits of a 
traditional diet. Additionally, Cree foods contain fats and 
vitamins that promote health as well as being culturally sig-
nificant. Therefore, we must continue to work alongside and 
provide information to our community participants about 
how to make healthy dietary decisions.
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