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ABSTRACT. Results of a 2019 human biomonitoring study indicated that several parameters, including lead, cobalt, 
manganese, and hexachlorobenzene, were elevated in blood and urine samples in Old Crow, Yukon, in comparison to the 
general Canadian population. This study aims to identify possible local determinants of levels of these parameters, including 
consumption of locally harvested traditional foods, lifestyle factors, and demographics, in Old Crow and, for comparison, two 
other northern populations: communities in the Dehcho and Sahtú regions of the Northwest Territories. We ran generalized 
linear models to identify possible associations between individual determinants of exposure and key biomarkers, controlling 
for age and sex. In Old Crow, several variables were associated with elevated exposure levels of these biomarkers, including 
drinking untreated river water (29% higher blood manganese levels and 120% higher blood lead levels), eating caribou kidneys 
(22% higher blood manganese levels and 58% higher blood lead levels), and eating whitefish (28% higher blood cobalt levels). 
Additionally, in order to differentiate results in Old Crow from those in other northern regions and to identify trends across 
regions, we observed relationships between consumption of moose and caribou organs and lead and hexachlorobenzene levels 
in the reference populations and pooled population groups. Though levels of particular contaminants may be elevated in some 
traditional foods, these foods remain an important source of nutrients for members in these communities and provide other 
benefits, including increased physical activity through harvesting, mental health improvements, and spiritual wellness.
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RÉSUMÉ. Selon les résultats d’une étude de biosurveillance humaine réalisée en 2019, le taux de plusieurs paramètres, dont 
le plomb, le cobalt, le manganèse et l’hexachlorobenzène se trouvant dans des échantillons de sang et d’urine de résidents 
d’Old Crow, au Yukon étaient élevés par rapport à la population canadienne en général. La présente étude vise à identifier 
les déterminants locaux possibles attribuables aux niveaux de ces paramètres, y compris la consommation d’aliments 
traditionnels locaux, des facteurs liés au mode de vie et les données démographiques. Les données d’Old Crow sont comparées 
aux données provenant de deux autres populations nordiques, soit celles des régions du Dehcho et du Sahtú dans les Territoires 
du Nord-Ouest. Des modèles linéaires généralisés ont été réalisés afin de déterminer les corrélations possibles entre les 
déterminants individuels et les biomarqueurs clés, en tenant compte des variables de l’âge et du sexe. À Old Crow, plusieurs 
variables ont été associées aux taux élevés de ces biomarqueurs, notamment la consommation d’eau de rivière non traitée 
(taux de manganèse dans le sang plus élevé dans une mesure de 29 % et taux de plomb plus élevé de 120 %), la consommation 
de rognons de caribou (taux de manganèse dans le sang plus élevé dans une mesure de 22 % et taux de plomb plus élevé 
de 58 %) et la consommation de poissons blancs ou corégones (taux de cobalt dans le sang plus élevé dans une mesure de 
28 %). De plus, afin de différencier les résultats d’Old Crow de ceux des autres régions nordiques et de cerner les tendances 
dans ces régions, nous avons observé des liens entre la consommation d’organes d’orignal et de caribou et les taux de plomb 
et d’hexachlorobenzène dans les bassins de population de référence des Territoires du Nord-Ouest. Bien que les taux de 
contaminants puissent être élevés dans certains aliments traditionnels, ces aliments demeurent une source importante de 
nutriments pour les membres de ces communautés et offrent d’autres avantages, notamment une plus grande activité physique 
grâce à la récolte, des améliorations sur le plan de la santé mentale et une source de bien-être spirituel.

Mots-clés : biosurveillance; contaminants; nutriments; aliments traditionnels; plomb; manganèse; cobalt; hexachlorobenzène; 
autochtone
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INTRODUCTION

In 2019, in collaboration with the Vuntut Gwitchin 
Government, a human biomonitoring project began in 
the community of Old Crow. The preliminary biological 
sampling results have been published previously (Drysdale 
et al., 2021), and this study includes further statistical 
analysis associating biological sample and dietary and 
lifestyle survey results.  Old Crow is a fly-in only Gwich’in 
community located above the Arctic Circle in the northern 
Yukon, Canada. Drysdale et al. (2021) initiated the 
biomonitoring project in response to community concerns 
regarding elevated concentrations of some toxic metals and 
persistent organic pollutants (POPs) in locally harvested 
traditional foods (Indigenous and Northern Affairs Canada, 
2010; Josie et al., 2015). These traditional foods, such as 
wild game, fish, birds, berries, and wild plants, are both 
nutritionally and culturally important to the residents of 
Old Crow and are a part of the staple diet of community 
members (Wein and Freeman, 1995; Wein 1996; Drysdale 
and Laird, 2018). Preliminary biological sample results 
from the human biomonitoring project showed that some 
parameters, including lead, cobalt, manganese, and 
hexachlorobenzene (HCB, an organochlorine pesticide), 
were elevated in comparison to the general Canadian 
population and other First Nations communities located 
outside the Northern Territories (Drysdale et al., 2021). 

The Old Crow biomonitoring project was the first 
comprehensive biomonitoring project conducted in the 
Yukon and complements other previous and ongoing 
northern human biomonitoring programs conducted in 
Nunavut, the Northwest Territories, and the other northern 
territories. Several of those studies found elevates levels 
of metals, including lead, and organochlorines, in other 
populations when compared to those living in Canada’s 
south (Fontaine et al., 2008; Saudny et al., 2012; Laird et 
al., 2013; Government of Canada, 2018). Similar to findings 
from the Old Crow biomonitoring project, findings from 
those programs showed that most participants did not have 
lead levels above health-based thresholds (Laird et al., 
2013), and that concentrations of metal contaminants, such 
as lead, were decreasing over time from the 1990s to 2017 
(Fontaine et al., 2008; Lemire et al., 2021). 

Elevated exposure to contaminants, including lead 
and HCB, can cause harmful health effects, including 
damage to liver and thyroid function, and impairment of 
neurological development (Reed et al., 2007). Though 
cobalt and manganese are essential metal nutrients required 
for processes such as red blood cell formation with cobalt-
bearing vitamin B-12, they can also cause adverse health 
effects at elevated levels (Finley and Davis, 1999; Leyssens 
et al., 2017). No health-based guidance values for biomarkers 
of HCB, cobalt, or manganese have been validated. 
However, in the Old Crow biomonitoring project (Drysdale 
et al., 2021), researchers found that lead levels there were 
below available health-based guidance values in both blood 
and urine for the majority (>95%) of participants.

The aim of the current study is to build on the results 
of the Old Crow biomonitoring project by exploring 
determinants of exposure to contaminant biomarker 
levels. Using data collected at a biomonitoring clinic, 
we analyze possible local determinants of exposure for 
levels of key contaminant and trace nutrient biomarkers 
that the earlier study found to be at elevated levels in the 
community. In particular, this study focuses on possible 
local exposure factors that may be specific to Old Crow 
or that, potentially, are associated with exposure in other 
northern communities in the region. Community questions 
and concerns regarding contaminant levels in traditional 
food informed the 2019 biomonitoring project (Drysdale 
et al., 2019), and this work expands upon those questions 
by focusing on the association between consuming certain 
traditional foods and other lifestyle factors and levels of key 
biomarkers of exposure (Drysdale et al., 2021). The current 
study also reports on similar analyses we completed in two 
sub-arctic reference populations: Dene communities in the 
Dehcho and Sahtú regions of the Northwest Territories (Fig. 
1). Understanding the most significant potential sources of 
exposure for contaminants and potential drivers of nutrient 
status can help to inform consumption notices and health 
promotion materials that are tailored to the community. On 
a broader scale, this study can be used to complement and 
guide other biomonitoring and environmental monitoring 
programs aimed at evaluating the impact of initiatives 
designed to reduce the contaminant burden in the sub-
Arctic and Arctic. 

MATERIALS AND METHODS

Community Biomonitoring Projects

This study used data from biomonitoring clinics that 
have been documented in other publications (Drysdale 
et al., 2021; Ratelle et al., 2020; Ratelle et al., 2018a; 
Ratelle et al., 2018b). Several of this study’s researchers 
undertook these clinics, led by Ratelle, between 2016 and 
2018 in partnership with Old Crow, Yukon, as well as six 
communities from the Dehcho region of the Northwest 
Territories and three communities in the Sahtú region. 
As described earlier, the impetus for this work came 
from the community. Local people had questions about 
contaminant exposure and nutrient intake in these regions. 
The methods used in these clinics, including study design, 
surveys, consent forms, biological sample collection, and 
sample preservation and shipment, are described elsewhere 
(Ratelle et al., 2018a; Ratelle et al., 2018b; Drysdale et 
al., 2021). Local coordinators hired from the community, 
along with the research team, conducted participant 
recruitment using both random selection by phone and 
passive recruitment by word of mouth, poster, and media 
interviews (Ratelle et al., 2018a; Ratelle et al., 2018b; 
Drysdale et al., 2021). The minimum age for participants 
in these clinics varied between communities from four 
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to six years, depending on factors such as community 
preference and available equipment. The current study 
includes results for adult participants (18+ years) only. 
Data collected in all communities was comprised of human 
biological samples, including metals in whole blood and 
urine, and POPs in plasma, a food frequency questionnaire 
for traditional foods, and some risk-factor and demographic 
data, including smoking status, sex, and age (Ratelle et al., 
2018a; Ratelle et al., 2018b; Ratelle et al., 2020; Drysdale 
et al., 2021). Other risk factors, including self-reported use 
of lead ammunition, vitamin consumption, and drinking 
water source, were only assessed in Old Crow and not the 
Dehcho and Sahtú regions. 

In accordance with agreements made beforehand, 
we returned the results of this study to participants and 
each community. In addition to the community research 
agreements, we received approval and licensure for this 
study from the University of Waterloo Research Ethics 
Committee, which complies with the Tri-Council policy 
for ethical conduct for research involving humans. 
Additionally, we received regional approvals from the 
Yukon Government, the Stanton Territorial Health 
Authority for Human Research, and the Aurora Research 
Institute (Ratelle et al., 2018a; Ratelle et al., 2018b; Vuntut 
Gwitchin Government and University of Waterloo 2018; 
Drysdale et al., 2021). 

Parameters of Interest

Preliminary results from the Old Crow biomonitoring 
project, that began in 2019, identified the parameters of 
interest (Drysdale et al., 2021). Supplementary Table S1 
shows the list of parameters measured in that study. We 
selected parameters for further analysis in the current 
study when the 95% confidence intervals of both the 

geometric mean and 95th percentile of a reliable biomarker 
for the parameter were elevated relative to at least one of 
the Canadian Health Measures Survey (CHMS) and the 
First Nations Biomonitoring Initiative (Assembly of First 
Nations, 2013; Health Canada, 2013a, 2013b, 2015, 2017, 
2019). Parameters that were elevated in Old Crow included 
HCB in plasma, as well as lead, cobalt, and manganese, 
analyzed in whole blood and creatinine-adjusted urine 
(Drysdale et al., 2021).

Reference Populations

Because of the small population of Old Crow 
(n = approximately 175 adults) (Statistics Canada, 
2016a), and the subsequently small sample size for the 
biomonitoring project (n = 77 adults), it was challenging 
to evaluate potential relationships between contaminants 
and nutrients in biological samples, and consumption 
of traditional food and other risk factors, with sufficient 
power. As part of the effort to mitigate this issue, for 
the current study, we included two additional reference 
populations from northern Canada. As noted above, these 
reference populations include six communities from the 
Dehcho region of the Northwest Territories (n = 231 adults) 
and three communities in the Sahtú region (n = 217 adults) 
(Fig. 1) (Ratelle et al., 2018a, 2018b, 2020). Using reference 
populations can support associations observed in Old Crow, 
as well as differentiate trends specific to Old Crow from 
those in other northern communities. We integrated these 
communities with Old Crow to create a pooled dataset, and 
for comparison purposes, we also evaluated separately. 
Because of the cultural, dietary, and location differences 
among the three groups, we also compared results between 
regions.

Key Determinants of Biomarker Levels

We selected key local determinants of biomarker levels 
for analysis based on three criteria: (1) commonly eaten 
traditional foods or food categories in Old Crow, including 
caribou (Rangifer tarandus), moose (Alces alces), Chinook 
salmon (Oncorhynchus tshawytscha), whitefish (Coregonus 
clupeaformis), game birds, and berries; (2) a focus on the 
organs/parts of these foods that are eaten by more than 15% 
of the population and have been shown in the literature 
to have elevated concentrations of some or all of the key 
parameters; and (3) risk factors that have been shown in the 
literature to potentially increase exposure to some or all of 
the key parameters. 

The biomonitoring clinics in Old Crow and the reference 
population included the administration of a food frequency 
questionnaire to identify the type, source, serving size, 
and frequency of consumption of traditional foods, as 
described by Ratelle and colleagues (Ratelle et al., 2020). 
The reference populations do not necessarily have the same 
commonly eaten foods (e.g., no Chinook salmon), but do 
share some of the commonly eaten foods in Old Crow (e.g., 

FIG. 1. Location of Old Crow and Dehcho and Sahtú reference communities.
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moose, whitefish, berries). When a food was eaten in Old 
Crow, but not the reference populations, we conducted the 
analysis for Old Crow only. To maintain numbers greater 
than n = 10 for analysis, we only included, as mentioned 
above, foods eaten by 15% or more of the participants in 
each region. We do not include frequency of consumption in 
this study, as the majority of participants (>85%) previously 
reported eating all of these foods once or less per week 
(Laird et al., 2019). The two most commonly eaten foods, 
moose and caribou muscle meat, were eaten by 93% – 94% 
of participants in Old Crow, therefore, the small sample size 
of non-consumers was too small to model (n < 4).

Though commonly eaten traditional food types/species 
were generally similar between regions, the specific herds 
and migration patterns of traditional foods varied between 
communities. For instance, Old Crow community members 
primarily ate caribou from a herd of barren-ground caribou 
called the Porcupine herd, while community members in 
the Sahtú and Dehcho regions harvest both barren-ground 
and woodland caribou from herds that migrate farther east.

In addition to the food frequency questionnaire, we 
administered a survey in Old Crow to identify possible 
risk factors for contaminant exposure. The survey 
included questions regarding drinking water sources, as 
elevated levels of some metal contaminants have been 
identified in local surface waters (Environment Canada, 
2021), as well as about the use of lead ammunition for 
hunting, vitamin consumption, and smoking status. The 
biomonitoring project research team (Ratelle et al, 2018b) 
did not administer the risk factors survey in the reference 
populations in the Northwest Territories.

The researchers involved in both the Old Crow and 
Northwest Territories biomonitoring projects adapted 
both the food frequency questionnaire and the risk factors 
survey in partnership with participating communities to 
ensure that questions were culturally appropriate, relevant, 
and clearly worded. Surveys were written in English, and 
translators were available based on community input 
(Ratelle et al., 2020). Supplementary Table S2 summarizes 
the rationales for each potential determinant of exposure 
selected for these analyses, including demographics, 
traditional foods, and risk factors. 

Statistical Analysis

We treated the majority of the determinants of 
exposure, including traditional food consumption, sex, 
and risk factors for exposure as binary variables, and we 
treated age as a continuous variable. When a participant 
reported that they did not know or could not remember, 
we excluded that data point from the analysis of that 
question. For concentrations of biomarkers that were below 
the limit of detection (LOD), we assigned values equal to 
half the LOD for the purposes of statistical analysis. We 
adjusted urine samples for creatinine levels to account for 
previously identified differences in hydration status among 
participants (O’Brien et al., 2017). Additionally, to account 

for previously identified interindividual variation of lipid 
levels in blood, we normalized POP concentrations to 
plasma lipid levels (O’Brien et al., 2017).

We used Spearman rank correlation coefficient 
(Spearman rho) to determine the strength of associations 
between non-log transformed biomarkers that analyzed 
the same parameter (e.g., blood vs. urinary manganese). 
We compared geometric mean biomarker concentrations 
between males and females using 95% confidence intervals. 
In addition to comparisons using means, we ran generalized 
linear models to identify possible correlations between 
independent variables, including sex, age, traditional 
food consumption, and risk factors, and the dependent 
outcome biomarker levels. We conducted forward 
stepwise regression modelling beginning with age and 
sex, which were retained in all models due to the observed 
differences in age and sex groups for key parameters in 
biomonitoring studies (Supplementary Table S3). We 
considered determinants significant if the p value for the 
regression coefficient was below 0.05, and the coefficient 
of determination (adjusted r2) value increased with the 
addition of the variable to the model. All significant 
associations represent possible sources, as this study 
analyzes associations not causal relationships. To normalize 
their distributions for modeling, we log-transformed 
biological sample results of key parameters. 

We ran separate models for each participant group, 
including Old Crow, the two reference populations, and 
the pooled dataset for all three groups. Due to the log-
transformation of the outcome variable, regression 
coefficients are presented as log-transformed difference 
in biomarker concentrations between those who did, and 
did not, consume the identified traditional food or have the 
identified lifestyle factor. For the purposes of discussion in the 
text and supplementary tables, we also converted regression 
coefficients to percent change for the non-log transformed 
outcome. In cases where there were multiple determinants 
significantly associated with the outcome variable, we 
used Chi-square testing to assess associations between 
independent variables. When the regression coefficient 
for a determinant of biomarker levels was significant (p < 
0.05), we reported the model’s adjusted r2. In many of these 
cases, some category combinations included zero or only 
one participant, and therefore models include only sex, age, 
and one other independent variable (e.g., traditional food 
consumption, risk factor) each. We conducted analysis 
using SAS software version 9.4 (SAS Institute Inc., 2016). 
We checked residuals after each analysis to confirm the 
assumptions of linearity and homoscedasticity.

RESULTS AND DISCUSSION

Study Population

Table 1 presents characteristics of the participating adult 
population in this study. Old Crow and the two reference 
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populations had between 45% and 52% female participants. 
Old Crow had the lowest participation levels for participants 
over 60 years old (19% – 20% of participants who submitted 
biological samples) compared to the Dehcho (23% – 27%) 
and Sahtú (26% – 32%). Additionally, Old Crow had the 
highest participation levels for adult participants under 
40 years (45% – 48%) compared to Dehcho (25% – 30%) 
and Sahtú (29% – 38%), despite similar age distributions 
between the three regions (Statistics Canada, 2016a, b, c). 

Survey 

Table 1 includes risk factors for exposure that have 
been included as independent variables in the analysis. 
Two thirds of participants who submitted urine samples 
in the Dehcho reported smoking in the previous 24 hours; 
however, between 40% and 54% of participants submitting 
all other sample types in all regions were smokers. These 
smoking proportions are higher than those observed in the 
general Canadian population (10% to 15%), and similar to 
the proportions observed in other First Nations populations 
(40% to 54%) (Canadian Public Health Association, 2021). 
The numbers for some risk factor groups, including those 

who did not drink untreated water sometimes or often 
and those who did not eat game hunted with lead shot 
sometimes or often were small (n < 10 out of 44). Nearly 
one third of participants (n = 13 out of 44) reported that 
they did not know what kind of ammunition was used for 
the game meat they consumed. 

Table 2 shows the proportions of respondents consuming 
traditional foods for all foods selected for analysis. 
Generally, a higher percentage of Old Crow participants 
consumed caribou organs and wild berries compared to 
the two reference populations. Consumption of some foods 
in Old Crow, including some moose organs and whitefish, 
were within 5% of those observed in the reference 
populations, with the exception of moose bone marrow 
and liver in the Dehcho region (8% and 13% higher, 
respectively) and moose liver in the Sahtú region (8% 
higher). Consumption of game birds was also lower in Old 
Crow (58%) compared to both reference populations (71% 
in Dehcho, 73% in Sahtú). The most commonly eaten birds 
included Canada Goose (Branta canadensis) (34%), White-
winged Scoter (Melanitta deglandi) (32%), and Ptarmigan 
(Lagopus sp.) (20%) in Old Crow; Canada Goose (55%), 
Mallard (Anas platyrhynchos) (51%), and Spruce Grouse 

TABLE 1. Number of participants and demographics by type of sample.

Demographics and participation in surveys by sample type
					    Reference populations
		  Old Crow			   Dehcho 			   Sahtú 
	 Blood	 Urine	 Blood	 Urine	 Blood	 Urine
	 (n = 54)	  (n = 44)	 (n = 122)	 (n = 78)	 (n = 123)	 (n = 100)
Sex						    
	 Female	 28 (52%)	 23 (52%)	 61 (50%)	 35 (45%)	 60 (49%)	 52 (52%)
	 Male	 26 (48%)	 21 (48%)	 61 (50%)	 43 (55%)	 63 (51%)	 48 (48%)
	Age (Years)						    
	 20–39	 26 (48%)	 20 (45%)	 35 (29%)	 19 (24%) 	 46 (37%)	 29 (29%)
	 40–59	 18 (33%)	 15 (34%)	 54 (44%)	 36 (46%)	 43 (35%)	 39 (39%)
	 60+	 10 (19%)	 9 (20%)	 27 (22%)	 21 (27%)	 31 (25%)	 32 (32%)

Surveys						    
	 Food frequency questionnaire	 48 (89%)	 40 (91%)	 74 (61%)	 50 (64%)	 51 (41%)	 42 (42%)
	 Risk factors survey	 44 (81%)	 36 (82%)	 –	 –	 –	 –

Responses to risk factor questions by sample type
		  Blood	 Urine	 Blood	 Urine	 Blood	 Urine
		  (n = 44)	 (n = 36)	 (n = 122)	 (n = 78)	 (n = 123)	 (n = 100)

Smoking status (has smoked in the previous 24 hours)
	 Yes	 22 (50%)	 18 (50%)	 49 (40%)	 52 (67%)	 66 (54%)	 45 (45%)
	 No	 21 (47%)	 17 (47%)	 73 (60%)	 26 (33%)	 59 (48%)	 55 (55%)

Vitamin usage (has taken a vitamin in the previous 24 hours)
	 Yes	 32 (73%)	 25 (69%)	 –	 –	 –	 –
	 No	 12 (27%)	 11 (31%)	 –	 –	 –	 –

Drinking water (drinks untreated water sometimes or often)
	 Yes	 37 (84%)	 29 (81%)	 –	 –	 –	 –
	 No	 7 (16%)	 7 (19%)	 –	 –	 –	 –

Lead ammunition usage (eats game hunted with lead shot sometimes or often)
	 Yes	 24 (54%)	 19 (53%)	 –	 –	 –	 –
	 No	 7 (16%)	 4 (11%)	 –	 –	 –	 –

Don’t know/prefer not to say	 13 (30%)	 13 (36%)	 –	 –	 –	 –

	 –	Not available: risk factors survey not conducted in reference populations.
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(Falcipennis canadensis) (31%) in the Dehcho region; 
and Canada Goose (63%), Ptarmigan (35%), and Black 
Scoter (Melanitta americana) and Black Duck (Anas 
rubripes) (35%), grouped because their names are used 
interchangeably in some communities in the Sahtú region. 

Baseline Key Parameters 

The concentrations of key parameters, including 
lead, cobalt, manganese, and HCB in Old Crow and both 
reference populations, are shown in Supplementary Table 
3 and also compares results to two national studies, the 
Canadian Health Measures Survey (CHMS) and the First 
Nations Biomonitoring Initiative (FNBI) (Assembly of 
First Nations, 2013; Health Canada, 2013a, 2013b, 2015, 
2017, 2019). Generally, blood lead levels did not differ 
significantly among the three regions (overlapping 95% 
confidence intervals of the geometric mean and 95th 
percentile), though blood lead levels were lower in the 
Dehcho region than in the Sahtú region and in Old Crow. 
Mean urinary lead levels in all three regions were not 
significantly different from those observed in the general 
Canadian population (CHMS) and other First Nations 

communities (FNBI). All three populations had higher 
blood lead levels than those observed in the general 
Canadian population (CHMS). Blood lead levels in Old 
Crow and the Sahtú reference populations were also higher 
than those observed in other First Nations communities 
(FNBI). However, the majority of adult participants in Old 
Crow, the Dehcho, and Sahtú regions (> 95%) had lead 
levels below health-based guidance values of 10 µg/dL (100 
µg/L) (for women 50 and older and men) and 5 µg/dL (for 
children and women of child-bearing age) in blood and 7 
µg/L in urine (Haines et al., 2011; Health Canada, 2013b; 
World Health Organization, 2021). Blood lead levels above 
this threshold have been associated with adverse health 
effects, including cognitive impairment and hypertension 
(Navas-Acien et al., 2007; Sanders et al., 2009). However, 
adverse health effects, including cognitive impairment in 
both children and adults, have been observed at blood lead 
levels below the health-based guidance values (Lanphear et 
al., 2005; Sanders et al., 2009).  

The majority of samples (95%) were below the analytical 
detection limit for blood cobalt (0.15 µg/L) in the reference 
populations (Drysdale et al. 2021). Therefore, we reported 
only urinary cobalt levels for these groups. Generally, 
urinary cobalt levels were similar or lower in both the 
Dehcho and Sahtú compared to Old Crow, and mean urinary 
cobalt levels were elevated in both Old Crow and the Dehcho 
region in comparison to the general Canadian population. 
The majority of participants in all three regions (>95%) had 
cobalt levels below values reflecting excessive exposure 
(1 µg/L in blood, 1.7 µg/g creatine in urine) (Drysdale et al., 
2021; Mayo Clinic Laboratories, 2023). There is no health-
based guidance value for cobalt. However, a review of the 
epidemiological literature and biokinetic modeling found 
that blood cobalt levels below 300 µg/L have not been 
associated with adverse health effects in humans (Finley 
et al., 2012). Similarly, a clinical study involving cobalt 
supplementation found that no adverse health effects were 
detected at blood cobalt levels up to the maximum detected 
value of 117 µg/L (Tvermoes et al., 2015).

Urinary and blood manganese levels were similar among 
the three regions (Old Crow, Dehcho, and Sahtú), with the 
exception of elevated mean manganese concentrations 
in urine observed in the Dehcho region (Supplementary 
Table 3). Manganese is an essential nutrient. However, 
psychomotor development impairment has been 
observed in children born from mothers with manganese 
concentrations > 30 µg/L in blood (Chung et al., 2015). 
No women of child-bearing age in any of the three regions 
had manganese levels above this effect threshold. Yet, the 
threshold for manganese sufficiency vs. toxicity has not 
been consistently described in the literature. Some adverse 
health effects, including impairment to motor function, 
have been observed at blood manganese levels above the 
median observed level of 15 µg/L in blood, with more 
visible effects, including tremors, observed above 25 µg/L 
in blood (Santos-Burgoa et al., 2001). A study of infants 
found that cognitive development indices peaked at blood 

TABLE 2. Proportion of adult respondents in a food frequency 
questionnaire who reported consuming selected traditional foods 
in the previous year.

	 Reference	 Pooled
	 populations	 dataset
		  Old Crow	 Dehcho	 Sahtú
		  n = 69	 n = 123	 n = 71	 n = 263
		   (%)	  (%)	  (%)	  (%)

Game birds	 58	 71	 73	 68
Berries		  84	 67	 55	 68
Moose		
	 Bones in soup/stew	 43	 30	 41	 36
	 Fat 	 43	 37	 38	 39
	 Kidneys	 35	 37	 27	 34
	 Bone marrow	 38	 46	 38	 41
	 Liver	 16	 29	 18	 23
Caribou	
	 Barren-ground/Porcupine
		  Bones in soup/stew	 62	 2*	 24	 23
		  Fat	 65	 2*	 15	 23
		  Kidneys	 51	 2*	 14*	 18
		  Bone marrow	 71	 3*	 20	 25
		  Liver	 30	 3*	 11*	 12
	 Woodland
	 Bones in soup/stew	 –	 11*	 37	 21
	 Fat	 –	 11*	 30	 18
	 Kidneys	 –	 13*	 25	 18
	 Bone marrow	 –	 16	 28	 21
	 Liver	 –	 15	 13*	 14
Fish	 Chinook salmon	 90	 –	 –	 –
	 Whitefish	 83	 92	 80	 87
	 Lake trout	 14*	 57	 79	 51

	 *	Foods eaten by less than 15% of the population within a region 
were excluded in the analysis for this region.

	 –	Food was not eaten or included in the food frequency 
questionnaire for this region, as these foods are not harvested 
in the region.
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manganese levels of approximately 24 µg/L, decreasing 
when biomarker levels were lower or higher than this level 
(Roels et al., 2012). 

Similar to Old Crow, HCB levels were elevated in the 
Sahtú relative to the general Canadian population and other 
First Nations populations. Both of these groups also had 
elevated HCB levels compared to the Dehcho region. There 
is no health-based guidance value for HCB. However, 
reference values and biomonitoring equivalents can 
indicate elevated exposure levels compared to the Canadian 
population. Using biomonitoring data collected in 2011, 
Haines et al. (2017) calculated a reference value of 23 µg 
HCB/kg lipids in plasma using Canadian biomonitoring 
data for the general Canadian population. This value 
represents the upper margin of exposure for the population, 
but does not indicate the level of health risk, as it is not 
based on toxicological data. Similarly, Health Canada 
has developed a biomonitoring equivalent for HCB of 25 
µg HCB/kg lipids based on neoplastic effects to the liver 
(Aylward et al., 2010). The majority of participants in Old 
Crow (>80%), Dehcho (>95%), and Sahtú (>75%) had HCB 
levels below these values. In epidemiological studies, HCB 
levels exceeding 1.0 to 1.5 µg/L in children and pregnant 
mothers have been associated with decreased behavioural 
competence and increased BMI in children (Ribas-Fito 
et al., 2007, Smink et al., 2008). However, in our study all 
participants had HCB levels below this threshold. 

Manganese: Blood and urinary manganese were posi-
tively correlated in Old Crow (Spearman ρ = 0.44, p <0.01). 
However, we observed no significant association between 
the two in the two reference populations or the pooled data-
set. This may indicate the presence of a local source, or 
sources, driving manganese exposure in Old Crow. Mean 
blood manganese levels were not significantly different 

between females and males in Old Crow or in the reference 
populations (p > 0.05, Table 3). However, mean urinary 
manganese levels were higher in females than in males in 
all three groups. Higher manganese levels in women have 
been observed in the CHMS in Canada and National Health 
and Nutrition Examination Survey in the US, attributed to 
sex-related differences in manganese metabolism (Health 
Canada, 2013b; Oulhote et al., 2014). We observed no asso-
ciation between mean blood or urinary manganese levels 
and age in Old Crow (p = 0.95 and 0.55, respectively). How-
ever, urinary levels increased with age in the Dehcho ref-
erence population (Spearman ρ = 0.31, p < 0.001) and the 
pooled dataset (Spearman ρ = 0.20, p = 0.002). 

For each determinant of exposure, Figures 2a and 
2b show the regression coefficient and 95% confidence 
intervals for log-transformed blood and urinary manganese 
levels between those with and without the determinant, 
adjusting for age and sex. Confidence intervals for the 
regression coefficient that do not cross zero were also 
significant based on p < 0.05. Supplementary Tables 4 – 7 
summarize these results using a percent difference. A 
positive percent difference indicates that the participants 
who ate the specified food, smoked, took a vitamin, or 
drank untreated water, as indicated, had higher average 
biomarker levels, by the percentage indicated, than those 
who did not. A negative value indicates that the participant 
who ate the specified food, smoked, took a vitamin, or drank 
untreated water, as indicated, had lower average biomarker 
levels, by the percentage indicated, than those who did 
not. In Old Crow, traditional food determinants associated 
with increased manganese biomarker concentrations, while 
adjusting for age and sex, included eating caribou kidneys 
(22% higher average blood manganese levels, adjusted 
r2 = 0.44) and eating soup or broth made from moose 

TABLE 3. Concentrations of key biomarkers for males and females.
	
	 Geometric mean concentration (95% CI)
		  Blood			   Urine		  Plasma
		  (µg/L)			   (µg/g creatinine)		  (µg/kg lipids)
	 Mn	 Co	 Pb	 Mn	 Co	 Pb	 HCB

Old Crow		  n = 54			   n = 44		  n = 54	
Female	 13	 0.32	 19	 0.26	 0.51	 0.26	 12
	 (12 – 16)	 (0.29 – 0.35)	 (16 – 24)	 (0.17 – 0.31)	 (0.37 – 0.62)	 (0.11 – 0.40)	 (10 – 15)
Male	
	 11	 0.29	 31	 0.067	 0.26	 0.75	 18
	 (10 – 12)	 (0.26 – 0.33)	 (26 – 35)	 (0.055 – 0.08)	 (0.22 – 0.31)	 (0.63 – 0.83)	 (15 – 21)

Dehcho		  n = 122			   n = 78		  n = 122	
Female	 13	

< 0.075
	 9.4	 0.53	 0.58	 0.57	 8.5

	 (12 – 14)		  (7.8 – 11)	 (0.39 – 0.72)	 (0.47 – 0.71)	 (0.46 – 0.69)	 (7.4 – 9.8)
Male
	 9.4	

< 0.075
	 15	 0.30	 0.31	 0.57	 9.0

	 (8.7 – 10)		  (13 – 18)	 (0.23 – 0.39)	 (0.26 – 0.37)	 (0.44 – 0.74)	 (7.9 – 10)

Sahtú		  n = 123			   n = 100		  n = 123	
Female	 10	

< 0.075
	 24	 0.21	 0.48	 0.90	 16

	 (9.8 – 12)		  (20 – 29)	 (0.16 – 0.28)	 (0.40 – 0.61)	 (0.56 – 1.4)	 (14 – 20)
Male	
	 9.2	

< 0.075
	 28	 0.14	 0.28	 0.81	 15

	 (8.5 – 9.9)		  (23 – 33)	 (0.11 – 0.17)	 (0.24 – 0.32)	 (0.63 – 1.1)	 (12 – 18)
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FIG. 2a. Regression coefficients and 95% confidence intervals for log-transformed blood manganese concentrations in a model including sex, age, and the 
identified determinant.

FIG. 2b. Regression coefficients and 95% confidence intervals for log-transformed, creatinine-adjusted urinary manganese concentrations in a model including 
sex, age, and the identified determinant.

bones (86% higher average creatinine-adjusted urinary 
manganese levels, adjusted model r2 = 0.51). 

We did not observe these associations in the reference 
populations. However, in the pooled dataset, participants 
who ate caribou fat and bones had urinary manganese 
levels that were 38% and 31% lower, on average, compared 

to those who did not eat caribou fat (adjusted model r2 = 
0.18 and 0.20, respectively). The reliability of urinary 
manganese as a biomarker has been debated in the literature 
(Smith et al., 2007; Hassani et al., 2016), and therefore 
these trends may not represent manganese exposure levels 
for participants. The association between increased blood 
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manganese and the consumption of caribou kidneys in 
Old Crow is supported by literature documenting the 
accumulation of manganese in bones, kidneys, and livers of 
mammals (Budis et al., 2013; O’Neal and Zheng 2015). 

In addition to caribou kidney consumption, Old Crow 
participants who drank untreated water often or sometimes 
in the past year had blood manganese levels that were 29% 
higher, on average, than those who drank untreated water 
rarely or never, adjusting for age and sex (adjusted r2 = 
0.20). Old Crow community drinking water is sourced from 
a local well, where it is treated using both 1) disinfectant, 
and 2) removal of iron and manganese (because of elevated 
levels of these metals in the local groundwater). However, 
the majority of community members (81% – 84%) drank 
untreated surface water sometimes or often, generally in 
the form of ice collected from the nearby Porcupine River. 
The proportion of community members drinking untreated 
water sometimes to often (as compared to those who do not 
drink untreated water in the previous year) in Old Crow was 
higher than the proportion drinking untreated water rarely 
to often in the Sahtú region, the latter finding reported 
in Ratelle et al., (2022). Untreated groundwater analysis 
during well installation in Old Crow reported manganese 
levels exceeding the Guidelines for Canadian Drinking 
Water Quality of 0.12 mg/L in all samples, indicating 
possible manganese enrichment in local soil (TetraTech 
Inc. 2017). The majority (90%) of surface water samples 
collected from the nearby Porcupine River in the five 
years previous to the biomonitoring clinic (2014 – 19) had 
manganese levels below the guideline (0.12 mg/L); however, 
Environment Canada (2021) observed exceedances during 
spring sampling events during this time period.

We observed possible significant associations between 
blood manganese levels and both the consumption of 
caribou kidneys and drinking untreated drinking water. It is 
important to note, though, that all participants who reported 
one of these determinants, also took part in the other; that 
is, people who drank untreated river water also ate caribou 
kidneys. The correlation between these two activities may 
be related to harvesting practices. Community members 
who are harvesters might drink untreated water while on 
the land and also consume animal organs as result of their 
harvests. Due to the near-perfect correlation (Χ2 p < 0.001), 
further environmental sampling and surveying of local 
water sources, particularly where community members 
drink the water, is necessary to determine whether 
manganese levels are truly associated with one or both of 
these determinants. As well, due to the small number of 
participants, it is not possible to control for both of these 
variables in a generalized linear model.

Cobalt: Blood and urinary cobalt were positively cor-
related in Old Crow (Spearman ρ = 0.35, p < 0.05), which 
may indicate more recent exposure, due to the low half-life 
(<12 hours) of cobalt in urine (Leyssens et al., 2017). We 
did not use any blood cobalt results for analysis in the Deh-
cho and Sahtú reference populations or the pooled dataset, 
as most values were below the analytical detection limit 

(0.075 µg/L). Therefore, in the case of blood cobalt levels, we 
could not conduct regional comparisons or use the pooled 
dataset to identify associations with smaller effect sizes. 

In Old Crow, mean blood cobalt levels were similar 
between females and males. However, mean urinary cobalt 
levels were higher in females than in males in all three 
regions (Table 3). High urinary cobalt concentrations in 
women, such as those observed in this study, have been 
detected in other biomonitoring studies (Health Canada, 
2013b). These differences have been hypothesized as being 
linked to lower baseline iron levels or higher levels of iron 
loss in women (Fort et al., 2015), though we did not analyze 
iron status in Old Crow or the reference populations. We 
found no association between mean blood or urinary cobalt 
levels and age in Old Crow (p = 0.32 and 0.22, respectively) 
or urinary cobalt and age in the reference populations 
(p = 0.55 the Dehcho and p = 0.41 in the Sahtú) or the 
pooled dataset (p = 0.15). 

Figures 3a and 3b show the regression coefficient and 
95% confidence intervals for log-transformed blood and 
urinary cobalt levels between those with, and without, the 
determinant, adjusting for age and sex. Supplementary 
Tables 4 – 7 summarize these results using a percent 
difference. We observed no significant associations between 
urinary cobalt levels and eating any traditional foods in Old 
Crow or the reference populations. In Old Crow, the only 
traditional food determinant associated with increased 
cobalt biomarker concentrations, after adjusting for age and 
sex, was eating whitefish (those who ate whitefish had blood 
cobalt levels that were 28% higher, on average, adjusted 
r2 = 0.15). We did not find this association for the reference 
populations or the pooled dataset. A study of the diets of 
Indigenous Peoples from the Nenets Autonomous Okrug in 
northeastern Russia showed mean cobalt levels in whitefish 
more than two times higher than in other fish types that 
are eaten in both Russia and Old Crow, including inconnu, 
salmon, and northern pike (Sobolev et al., 2019). In areas 
where cobalt levels are elevated in the environment, 
dietary consumption of locally harvested foods, including, 
primarily, vegetables, grains, and fish, can result in elevated 
cobalt levels in the population (Leyssens et al., 2017) This 
association can be further examined in the future through 
the analysis of local whitefish samples for cobalt levels. 

In addition to the consumption of whitefish, Old Crow 
participants who reported taking a vitamin in the previous 
24 hours had blood cobalt levels that were 29% higher, 
on average, than those who did not take any vitamins, 
adjusting for age and sex (adjusted r2 = 0.18). We observed 
no association between vitamin consumption and the 
consumption of whitefish (Χ2 p > 0.05). An observed 
association between vitamin intake and cobalt status may 
be related to the inclusion of vitamin B12, a cobalt-bearing 
compound, in many multivitamins. Other biomonitoring 
studies have found that consumption of multivitamins 
containing B12 affects blood cobalt levels (Knoop et al., 
2019). In Old Crow, 27% of respondents who provided blood 
samples took a vitamin that day. This is within the range 
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FIG. 3a. Regression coefficients and 95% confidence intervals for log-transformed blood cobalt concentrations in a model including sex, age, and the identified 
determinant.

FIG. 3b. Regression coefficients and 95% confidence intervals for log-transformed, creatinine-adjusted urinary cobalt concentrations in a model including sex, 
age, and the identified determinant.
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of 23% to 33% observed in national-scale North American 
biomonitoring studies, including the CHMS and National 
Health and Nutrition Examination Survey (Statistics 
Canada, 2017; Mishra et al., 2021). Though cobalt content 
in vitamins may contribute to cobalt exposure, it may not 
explain elevated cobalt levels in Old Crow compared to the 
general Canadian population. Possible sources of cobalt 
exposure that were not included in this study include 
occupational exposure, exposure from surgical implants, 
and household exposure from dusts and soils (Agency for 
Toxic Substances and Disease Registry, 1992). This study 
did not identify a possible source of cobalt exposure with 
a strong association with cobalt biomarker levels in Old 
Crow. 

Lead: Blood and urinary lead were positively correlated 
in Old Crow (Spearman ρ = 0.77, p < 0.001), the Dehcho 
(Spearman ρ = 0.56, p < 0.001) and Sahtú (Spearman 
ρ  = 0.70, p < 0.001) reference populations, and in the pooled 
dataset (Spearman ρ = 0.67, p <0.001). Mean concentrations 
of blood lead were lower in females than males in Old Crow, 
but this was not the case in either the Dehcho or Sahtú 
(Table 3). Higher urinary and blood lead levels in men, such 
as those we observed in Old Crow, have been observed in 
other biomonitoring studies, including the National Health 
and Nutrition Examination Survey (Muntner et al., 2005). 
Some hypotheses for this trend include the biological, such 
as sex-specific differences in blood erythrocyte volume 
resulting in additional lead-bonding sites in males, or the 
social, including possible population-level, lifestyle-based 
differences between genders, including occupational 
exposure (Counter et al., 2001). Mean lead levels in 
biomarkers increased with age in Old Crow, the reference 
populations, and the pooled dataset for both blood lead 
(Spearman ρ = 0.41 – 0.49, p < 0.001) and urinary lead 
(Spearman ρ = 0.39 – 0.47, p < 0.001). Other large scale 
biomonitoring studies (Muntner et al., 2005) have observed 
an increase in lead with age in adults, attributed to lead 
retention over a lifetime of exposure. 

Figures 4a and 4b show the regression coefficient and 
95% confidence intervals for log-transformed blood and 
urinary lead levels between those with and without the 
determinant, adjusting for age and sex. Supplementary 
Tables 4 – 7 summarize these results using a percent 
difference. After adjusting for age and sex, average blood 
lead levels were higher for Old Crow participants who 
ate Porcupine caribou kidney (blood lead levels that were 
58% higher, on average, adjusted model r2 = 0.29) than 
those who did not. In the Dehcho, we found no association 
between lead levels in blood and urine and consumption 
of moose or caribou organs. In the Sahtú, participants 
who ate woodland caribou bone marrow had 230% higher 
urinary lead levels, on average, compared to those who 
did not, while accounting for age and sex (adjusted model 
r2 = 0.17). In the pooled dataset, participants who ate 
organs, including caribou bones, fat, and bone marrow 
had 38% – 74% higher blood lead levels, on average, than 
those who did not (adjusted model r2 = 0.25, 0.21, and 0.21, 

respectively), and participants who ate moose kidneys and 
caribou bone marrow had 55% – 91% higher urinary lead 
levels, on average, than those who did not (adjusted model 
r2 = 0.12, and 0.16, respectively). Elevated lead levels can 
be found in caribou and moose organs, such as the kidneys 
or liver (Rabinowitz, 1991), as well as in the bones, or 
rumen (O’Hara et al., 2003). However, renal lead levels in 
Porcupine caribou bulls were generally lower than those 
observed in other northern herds, including the Bluenose 
East herd in the Sahtú region (Gamberg, 2016). Notably, 
ongoing caribou monitoring in northern Canada has shown 
decreasing renal lead levels in caribou in both of these 
herds (Gamberg, 2016).  

We identified no association between smoking and 
lead levels in Old Crow. However, smokers in both of the 
reference populations and the pooled dataset had higher 
lead levels, on average, than non-smokers, adjusting for age 
and sex. The lack of significant association may be due to 
the small study population in Old Crow in comparison to 
the other groups, particularly the pooled dataset. Several 
large- and small-scale biomonitoring studies have observed 
elevated lead levels in current and former smokers, as 
lead can be found in tobacco smoke (Caruso et al., 2014; 
Statistics Canada, 2015; Rhee et al., 2021). As part of the 
return of results process for all biomonitoring clinics, 
health promotion materials included recommendations for 
reducing exposure to tobacco smoke to reduce exposure to 
some contaminants. 

Though the majority of participants in the biomonitoring 
project (>75% of participants who knew the type of 
ammunition used in their traditional foods) ate food that 
had been hunted using lead ammunition, we identified 
no significant association between consumption of these 
foods and lead exposure levels. However, approximately 
one third of the participants in Old Crow did not know 
what type of ammunition was used for the game meat 
they consumed (Table 1). The number of participants who 
knew they did not consume game meat or fowl hunted 
using lead ammunition was small (n = 4 – 7) and was not 
sufficient to identify trends in exposure patterns in this 
case. Previous studies evaluating the relationship between 
blood lead levels and ammunition found differences in the 
isotopic footprint of lead in the blood of consumers of food 
hunted using lead shot and bullets, concluding that the use 
of lead ammunition can be a source of lead exposure (Tsuji 
et al., 2008). The small number of participants who did not 
consume any meat hunted using lead ammunition in Old 
Crow may be indicative of widespread use of lead-bearing 
shot or bullets for hunting in the community, resulting in 
elevated lead levels in the population. 

Old Crow participants who often or sometimes drank 
untreated water had average blood lead levels 120% 
higher than those who rarely or never drank untreated 
water, adjusting for age and sex (adjusted model r2 = 0.41). 
In previous studies, elevated lead values relative to the 
Guidelines for Canadian Drinking Water Quality (0.005 
mg/L) have been observed in surface water samples from 
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FIG. 4a. Regression coefficients and 95% confidence intervals for log-transformed blood lead concentrations in a model including sex, age, and the identified 
determinant.

FIG. 4b. Regression coefficients and 95% confidence intervals for log-transformed, creatinine-adjusted urinary lead concentrations in a model including sex, 
age, and the identified determinant.

the nearby Porcupine River during spring sampling events 
between 2014 – 19 (Environment Canada, 2021). The 
Porcupine River may not be the only river community 
members are sourcing for untreated drinking water, and we 
recommend further evaluation of drinking water, including 
source identification, water quality analysis, and intake 

calculation. As discussed in the manganese section, we 
observed possible significant associations between blood 
lead levels and both the consumption of caribou kidneys and 
drinking untreated river water, and all of the participants 
who reported drinking untreated river water also reported 
eating caribou kidneys. Due to small numbers, it was not 
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possible to control for both of these variables in a regression 
model.

This study focuses primarily on traditional foods, with 
some other risk factors for exposure, and does not include 
all possible exposure sources. Notably, a 2021 study 
(Fillion et al., 2014) found that house dust and the use of 
lead ammunition were the primary exposure sources for 
Nunavut residences with elevated blood lead levels. We 
did not include house dusts in this analysis, but further 
investigation into this exposure source is warranted, given 
the elevated lead levels of some community members.

This paper primarily aims to identify determinants with 
positive associations with key parameters. It is noteworthy, 
however, that consumption of some traditional foods was 
negatively associated with lead exposure, adjusting for 
age and sex, including the consumption of whitefish in 
Old Crow (consumers had blood lead levels that were 51% 
lower, on average, adjusted model r2 = 0.30), lake trout in the 
Dehcho reference population (consumers had creatinine-
adjusted urinary lead levels that were 34% lower, on 
average, adjusted model r2 = 0.34), and berries in the Sahtú 
reference population (consumers had creatinine-adjusted 
urinary lead levels that were 59% lower, on average, 
adjusted model r2 = 0.15). In the pooled dataset, consumers 
who ate berries had creatinine-adjusted urinary lead levels 
that were 41% lower, on average (adjusted r2 = 0.13), and 
consumers who ate whitefish had blood lead levels that 
were 52% lower, on average (adjusted model r2 = 0.13). 
Negative associations may be relevant when identifying 
possible protective factors for exposure. These traditional 
foods are high in nutrients, including vitamin C (in the 

case of berries) and zinc (in the case of whitefish), which 
act as antioxidant defense mechanisms to reduce oxidative 
stress following lead exposure (Kuhnlein et al., 1995; 
Fediuk et al., 2002; Bashandy 2006; Prasanthi et al., 2010). 
In addition to the traditional food determinants, Old Crow 
participants who reported taking a vitamin in the previous 
24 hours had creatinine-adjusted urinary lead levels that 
were 56% lower, on average (adjusted model r2 = 0.33) than 
those who did not, adjusting for age and sex. This result 
is consistent with the literature, where it noted that some 
vitamins, including vitamin C, vitamin E, calcium, and 
zinc might have protective properties against the adverse 
health effects of lead following exposure (Bashandy 2006; 
Prasanthi et al., 2010). Additionally, it is possible that 
broader behavioural differences, such as the replacement of 
higher contaminant – level foods with whitefish or berries, 
may account for these differences in biomarker levels. 

Hexachlorobenzene (HCB): Mean concentrations of 
lipid-normalized HCB were lower in females than males in 
Old Crow, but this was not the case in either the Dehcho 
or Sahtú (Table 3). Generally, lipid-normalized HCB levels 
increased with age in Old Crow, both reference populations, 
and the pooled dataset (Spearman ρ = 0.63 – 0.76, p <0.001). 

Figure 5 shows the regression coefficient and 95% 
confidence intervals for log-transformed, lipid-adjusted 
plasma HCB levels between those with, and without, the 
determinant, adjusting for age and sex. Supplementary Tables 
4 – 7 summarize these results using a percent difference. 
HCB is a lipophilic contaminant and is most likely to be 
found in the fatty tissues of long-lived biota (Mrema et al., 
2013). We found some associations between HCB levels 

FIG. 5. Regression coefficients and 95% confidence intervals for log-transformed, lipid-adjusted plasma HCB concentrations in a model including sex, age, and 
the identified determinant. 
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and consumption of key traditional foods, particularly those 
high in fat, in several of the population groups, including the 
Dehcho, Sahtú, and the pooled population. However, in Old 
Crow, none of the selected determinants of exposure had 
significant associations with HCB levels. This may suggest 
the presence of multiple local exposure sources contributing 
to elevated average levels, or it could be a result of a low 
effect level that cannot be detected in this group due to the 
small sample size. The higher sample size of the pooled 
dataset allows for the identification of possible significant 
trends with smaller effect sizes, which may be the case with 
HCB. In the pooled dataset, participants who ate organs, 
including moose bones, caribou bones, fat, kidneys, and bone 
marrow, had 23% – 58% higher blood HCB levels, on average 
(adjusted model r2 ranged from 0.39 to 0.48), than those 
who did not. In the reference groups, we observed  higher 
average HCB levels in Dehcho participants who ate moose 
kidneys, and, in the Sahtú, we observed higher average HCB 
levels for those who ate birds and woodland caribou fat 
and bone marrow. We found the most associations between 
traditional food consumption and HCB in the pooled 
dataset. In all regions, the consumption of most individual 
moose and caribou organs was positively associated with 
the consumption of all other individual moose and caribou 
organs (Χ2 p < 0.001). Due to these near-perfect correlations, 
future studies should focus on HCB analysis and intake 
estimation for these foods. Previous work evaluating the 
HCB content of some traditional foods in northern British 
Columbia found elevated HCB concentrations in some of 
the types of fish that are also eaten in Old Crow, including 
whitefish and chinook salmon, as well as in some game birds 
also hunted and consumed in Old Crow (Chan et al., 2011; 
Kelly et al., 2011). Generally, concentrations of HCB are 
low in caribou muscle tissue, but have been found in higher 
concentrations in kidneys, liver, and fat (Braune et al., 1999; 
Polder et al., 2010; Chan et al., 2011; Hassan et al., 2013;). 
Further studies could be conducted to estimate exposure 
from all these sources to determine whether intake exceeds 
toxicological recommendations. 

We observed no association between smoking status 
and HCB levels in Old Crow or the reference communities. 
Several large- and small-scale biomonitoring studies have 
observed elevated HCB and lead levels in current and 
former smokers, as both contaminants can be found in 
tobacco smoke (Lackmann et al., 2000; Caruso et al., 2014; 
Statistics Canada 2015; Rhee et al., 2021). 

Health Promotion

In Old Crow and the reference populations, consumption 
of some traditional foods, including caribou and moose 
organs was associated with elevated levels of some of 
the key parameters of this study. Despite these possibly 
elevated levels, traditional foods are an important source 
of nutrients for members in all three regions, and provide 
other important health and wellness benefits, including 
increased physical activity during harvesting, cultural 

benefits, and improvements in mental health (Receveur 
et al., 1998). During the return of results process for each 
of the biomonitoring clinics, community members heard 
from researchers who validated previously held community 
priorities regarding the importance and benefits of these 
traditional foods. Community members had several 
occasions, including during community presentations and 
individual meetings, as well as through media outreach, 
posters, brochures, and written reports, to consider the 
message delivered by researchers, which was that the health 
benefits of eating traditional foods continue to outweigh 
the risks (Ratelle et al., 2018a; Drysdale et al., 2021). 
Community partners also collaborated with the researchers 
to co-develop other health promotion materials related to 
contaminant exposure. In particular, both parties made 
recommendations to reduce exposure to tobacco smoke and 
the use of lead-bearing ammunition in hunting. This study 
does not change any existing dietary recommendations in 
any of the participating regions. 

Study Limitations

This study examined associations but does not 
reflect causal relationships between determinants and 
biomarker levels. Our study can be used to inform further 
assessment of risk for key parameters but should not be 
the sole factor used to issue consumption notices or health 
recommendations for traditional food consumption. This 
study drew on data from small biomonitoring projects 
carried out in northern communities. Although the study 
participants represented 44% of the population of Old 
Crow, and 12% to 40% of the populations of the reference 
populations, the numbers are not sufficient to allow analytic 
control for all possible factors that may impact results. 
Additionally, due to the nature of the recruitment process 
in small, community-focused biomonitoring projects, a 
random sample is often not possible (Ratelle et al., 2018a). 
Therefore, study recruitment might not reach certain 
members of the population, including those without phones, 
or those who work seasonally outside the community. This 
study does not include some of the most commonly eaten 
foods, such as moose and caribou muscle meat, as they are 
eaten by more than 95% of community members in Old 
Crow. Further study is warranted to estimate the level of 
contaminant exposure from these sources using modelling 
of intake of each contaminant through dietary and other 
sources at the individual and population level. 

These results are intended to guide and refine future 
research in the North in an effort to identify determinants 
of exposure for contaminants found at elevated levels in 
humans. Any recommendations regarding changes to 
consumption of specific traditional foods must be done in 
co-development with the affected communities and taking 
into account their needs and experiences (Gyapay et al., 
2022). These recommendations should also be informed by 
environmental monitoring, as well as risk assessments, in 
order to estimate contaminant exposure.
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CONCLUSIONS

Animal bones and organs can accumulate high 
concentrations of metals, and fatty tissue and organs can 
accumulate lipophilic compounds, such as HCB (Chan 
et al., 2011; O’Hara et al., 2005; Robillard et al., 2002). 
Informed by community concerns about the relationship 
between traditional foods and potentially elevated exposure 
to these contaminants, this study aimed to identify possible 
determinants of exposure. We sought to complement 
sampling of local traditional foods in Old Crow and to 
inform risk assessments in the community based on their 
level of intake of these foods. We found that consumption of 
some traditional foods in Old Crow was positively associated 
with biomarker levels to some contaminants and nutrients, 
including manganese, cobalt, and lead. Members of our 
research team are now engaged with community partners 
in further HCB analysis in traditional food samples in Old 
Crow in an effort to estimate intake and identify possible 
driver(s) for elevated levels in community members. 

In addition to the consumption of some traditional foods, 
several other determinants of exposure were associated 
with elevated levels of key parameters. These included 
the consumption of untreated river water, vitamins, and 
smoking. The federal government monitors local surface 
water in Old Crow and has found elevated levels of some 
metals, including manganese and lead during spring 
runoff (Environment Canada, 2012). However, based 
on our results, we recommend additional monitoring in 
locations where the local community consumes untreated 
water. Smoking rates in northern communities are higher 
than those in the general Canadian population, and this 

may contribute to elevated levels of some contaminants, 
including lead, in these populations.

Traditional foods remain an important source of 
nutrients in the diets of community members in Old Crow 
and the reference populations and confer other benefits, 
including toward maintaining spiritual wellness (Receveur 
et al., 1998; Kuhnlein and Receveur, 2007). Given the 
importance to the communities of these traditional foods, 
future efforts should focus on monitoring the levels of 
contaminants they contain followed by generating exposure 
estimates to further increase understanding of the benefits 
and risks of their consumption.
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