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Abstract 
This project studies contaminant levels in caribou in the Canadian Arctic to determine if these populations 
remain healthy (in terms of contaminant loads), whether these important resources remain safe and healthy 
food choices for northerners and if contaminant levels are changing over time. In 2019/20 samples were 
collected from 20 Qamanirjuaq and 28 Porcupine caribou. We also received 17 liver samples from the Leaf 
River caribou collected in 2013. These samples are currently being analyzed. Samples collected in 2018/19 
(Porcupine, Qamanirjuaq, Forty-Mile, Bathurst and Lorillard caribou and Sanikiluaq reindeer) have been 
analyzed, and results are presented in this report. Renal cadmium increased with age, as is common in many 
ungulate species. The Forty-Mile caribou had notably low levels of arsenic, lead, mercury and selenium while 
the Sanikiluaq reindeer had high concentrations of these elements, but still in a similar range as the other herds. 
Most elements in the Porcupine herd have been stable since about 2005, with the exception of mercury which 
varies in a cyclic pattern. Lead continues to decline in the Qamanirjuaq herd. Although mercury shows an 
increase over time in the Bathurst and Qamanirjuaq caribou, the changes are likely to be cyclic. Perfluorinated 
sulfonic acids are declining over time in caribou liver (largely due to PFOS, which has been banned). Per- and 
polyfluorinated alkyl substances and polybrominated dipheynyl ethers were present at very low levels in 
caribou liver. Levels of most contaminants measured in caribou kidneys were not of concern toxicologically, 
although renal mercury and cadmium concentrations may cause some concern for human health depending on 
the quantity of organs consumed. Yukon Health has advised restricting intake of kidney and liver from Yukon 
caribou, the recommended maximum varying depending on herd (e.g. a maximum of 25 Porcupine caribou 
kidneys/year). The health advisory confirms that heavy metals are very low in the meat (muscle) from caribou 
and this remains a healthy food choice. There have been no health advisories issued for caribou in NWT or 
Nunavut. 
 
Key Messages 

 Levels of most contaminants measured in caribou tissues are not of concern, although kidney mercury 
and cadmium concentrations may cause some concern for human health depending on the quantity of 
organs consumed. Caribou meat (muscle) does not accumulate high levels of contaminants and is a 
healthy food choice. 

 Mercury concentrations in the Porcupine caribou are stable over the long term, although there is 
considerable annual variation. 

 Mercury concentrations in the Qamanirjuaq and Bathurst caribou herds show an increase, but annual 
variations are likely to be cyclic as seen in the longer-term Porcupine caribou dataset. 

 Concentrations of PFASs and PBDEs are low with respect to potential toxicity to caribou or those 
consuming caribou. 
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 This program will continue to monitor the Porcupine and Qamanirjuaq caribou herds annually to 
maintain confidence in this traditional food and to better understand contaminant (particularly 
mercury) dynamics within these ecosystems. 

 
Objectives 
To determine levels of and temporal trends in contaminants in Arctic caribou to: 

 provide information to Northerners regarding contaminants in this traditional food so that: 
o they can make more informed choices about food consumption. This includes providing 

information for health assessments and/or advisories as required; 
o wildlife managers can assess possible health effects of contaminants on Arctic caribou 

populations;  
 further understand the fate and effects of contaminant deposition and transport to the Canadian Arctic. 

 
Introduction 
Caribou provide an important food resource for Northerners across the Arctic, and the Porcupine and 
Qamanirjuaq caribou herds have been designated in the NCP blueprint for annual monitoring of mercury, 
inorganic elements, PBDEs (polybrominated diphenyl ethers) and PFASs (per- and polyfluoroalkyl 
substances).  In addition, the blueprint specifies that one or two other herds will be monitored each year for the 
same list of contaminants. In 2019-20, those herds were planned to be the Leaf River caribou (QC) and reindeer 
from Inuvik, NWT. 
 
Activities in 2019/20 
In the fall of 2019, samples were collected from 20 
Qamanirjuaq caribou by local hunters in Arviat, NU. 
Samples were taken from 16 Porcupine caribou in the 
late spring and summer and 12 from the fall of 2019. 
The Leaf River herd from northern Quebec was 
sampled in 2013 by the Government of Quebec. We 
obtained 17 of those liver samples to include in our 
project. Unfortunately, only small portions of kidneys 
were available and since we normally homogenize 
entire kidneys before analysis this would not have 
been consistent with our procedures and results would 
not be comparable to our other data. For this reason, 
we only analyzed liver from this herd. Although we 
had planned to sample the reindeer from Inuvik, there 
were some jurisdictional challenges and no reindeer 
were harvested in the fall of 2019, so we have no 
samples from that herd.  
 
Because we had no samples from the Inuvik reindeer, 
we took advantage of the unusual situation of having spring/summer collected Porcupine caribou. Including 
those samples in the analysis will allow a seasonal comparison of contaminant concentrations in this herd. 
Current-year kidney samples and the Leaf River liver samples are being analyzed for a suite of 34 elements 
using ICP-MS by NLET, Environment Canada, Burlington. Ten liver samples from each of Qamanirjuaq and 
Leaf River herds and twenty from the Porcupine herd (ten from spring/summer and ten from the fall) are being 
analyzed for PBDEs (including deca-BDE) and PFASs by a private laboratory (ALS Global). Liver and muscle 
samples will be archived at the National Wildlife Research Centre (Environment Canada). Incisors were used 
to analyze age of the animal using the cementum technique with the assistance of Environment Yukon (A 
Milani).  

Figure 1. Home ranges of the major barren-
ground caribou herds in Canada.  

SANIKILUAQ 
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Capacity Building 
In September 2019, the PI participated in a wildlife contaminants workshop presented to the students of the 
Environmental Technology Program (ETP) of Arctic College in Iqaluit, providing information on 
contaminants in the general environment as well as in caribou specifically. This workshop is planned to be 
offered again in September 2020.  
 
In November 2019, the PI participated in a Caribou Workshop Arviat NU along with a team of researchers and 
the local Aqqiummarvik Society. The workshop was designed to integrate experiences from past workshops, 
open houses and events that incorporate contaminants, wildlife ecology and health, physical processes in the 
Arctic, and climate change to be delivered to a range of community members in Arviat. An open house and 
evening gathering were held in Arviat that featured hands-on activities and presentations on three important 
aspects of caribou: contaminants, health, and management. About 300 students participated in the open house 
while about 200 community members participated in the evening gathering and presentations.  
 
Communications 
In April 2019 the PI travelled to Taloyoak, Kugluktuk and Cambridge Bay, NU and met with the local HTOs 
to present the results of the project. Results were also discussed with researchers at CHARS in Cambridge Bay 
and with the Nunavut Director of Research and Regional Biologist in Kugluktuk. In June 2019 the PI presented 
a summary of the program to a meeting of the Canadian Association of Laboratory Animal Science in Ottawa 
and published an article in their newsletter. In September 2019, the PI had an in-person meeting with the 
Nunavut Environmental Contaminants Committee in Iqaluit, gave them an update on the caribou project and 
discussed future plans for the program. At this time the PI also presented the results of the program to the ETP 
at Arctic College in Iqaluit (more details in the Capacity Building section). Results of the project were 
presented at the NCP Results Workshop in Whitehorse, YT in October 2019, in the ‘Science Fair’ venue with 
posters and hands-on activities, and in presentations by the PI and Derek Muir. Caribou contaminant results 
were highlighted in a Caribou Workshop in Arviat in November 2019 (described in more detail in the Capacity 
Building Section). An update to the caribou contaminant section of the State of the Environment Report 
(Environment Yukon) was provided in November 2019. A trip to Sanikiluaq and Baker Lake was planned for 
spring 2020 but was cancelled due to pandemic-related travel restrictions. This trip will be rescheduled when 
travel is again possible. 
 
A manuscript ‘Renal trace elements in barren-ground caribou subpopulations: temporal trends and differing 
effects of sex, age and season’ was published in Science of the Total Environment in March 2020 (Gamberg 
et al. 2020). Other manuscripts using the caribou data are being prepared. This project will be featured in the 
chapter ‘What are Arctic Indigenous People’s perspectives and contributions to the study of environmental 
mercury contamination in the Arctic?’ in the new AMAP Mercury Report. Caribou contaminant-related 
publications, synopsis reports and plain language summaries were included in a new Arctic Caribou website 
created by Clive Tesar (Ottawa, ON) which should be live by June 2020. The ‘Contaminants in Arctic Caribou’ 
Facebook page is being used to communicate project results and events to a wide northern audience.  
 
Indigenous Knowledge Integration 
This program relies on the Indigenous knowledge when collecting samples from caribou for analysis. Local 
hunters use Indigenous knowledge when hunting caribou and submitting samples as well as providing food for 
their families. Meetings between the PI and local HTOs provide an opportunity for the exchange of Indigenous 
and western knowledge that enhances understanding of contaminants in caribou and facilitates the 
implementation of this project.  
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Results and Discussion 
 
Elements 
Element concentrations are presented for samples collected in the fall of 2018 (Qamanirjuaq, Lorillard, and 
Forty-Mile caribou and the Sanikiluaq reindeer). In addition, two samples from the Porcupine herd from 2014 
were located, analysed and included in the analysis, while 20 kidney samples from the Bathurst caribou 
collected in 2011 were received from GNWT and are also included (Table 1). Although kidneys were analyzed 
for 34 elements, only results for 7 elements of concern were statistically analyzed in detail (arsenic [As], 
cadmium [Cd], copper [Cu], lead [Pb], mercury [Hg], selenium [Se] and zinc [Zn]). Porcupine, Qamanirjuaq, 
and Bathurst results were analyzed for temporal trends.  
 
Table 1. Caribou kidney samples analyzed in 2018/19.  

    
Number of 

samples Age (year) 

Herd Year Males Females Males Females 

Bathurst 2011 20 - 5.4 - 
Forty-Mile 2018 16 2 6.8 5.5 
Lorillard 2018 3 1 7.3 4.0 
Porcupine 2014 2 - - - 
Qamanirjuaq 2018 8 8 5.5 7.0 
Sanikiluaq 2018 3 9 2.7 3.6 

 
 
Renal element concentrations were compared among herds sampled in the fall/winter of 2018, using sex and 
age as covariables. Renal Cd increased significantly with age of the caribou but did not differ among herds. 
The Forty-Mile caribou had notably low levels of As, Pb, Hg and Se while the Sanikiluaq reindeer had high 
concentrations of these elements, but still in a similar range as the other herds (Figure 2).  
 
Temporal trends in renal element concentrations were analyzed using data from the Bathurst (2005-2009, 
2011), Porcupine (1990-2017) and Qamanirjuaq (2006-2018) herds. No significant trends were seen for Cd or 
Cu in any of the herds. As increased over time in the Bathurst herd; the increase was not consistent, and the 
overall increase was slight and likely not of biological concern. As and Pb decreased over time in the Porcupine 
herd, but both elements have been stable since 2005. Although Pb has increased in the Qamanirjuaq herd since 
 

Figure 2. Renal element concentrations in four caribou/reindeer herds collected in the fall/winter of 2018. For 
each element, bars with the same letter are not significantly different (=0.05). 
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Figure 3. Temporal trends in renal mercury concentrations in three caribou herds (bulls only).  
 
 
2016, the overall trend since 2006 is still a declining one. Hg, Se and Zn increased over time in the Bathurst 
and Qamanirjuaq herds while in the Porcupine herd only females show an increase in Hg, there is no trend in 
Se, and although Zn increased from 1990 to 2017, it has been stable since 2005. Se and Zn are not toxic at 
these levels and are not of concern. Although Hg is increasing overall in two of the herds, the changes are 
likely to be cyclic, as demonstrated by the Porcupine herd, for which we have the longest temporal dataset 
(Figure 3).    
 
Levels of most elements measured in these caribou herds were not of concern toxicologically, although renal 
Hg and Cd concentrations may cause some concern for human health depending on the quantity of organs 
consumed. Yukon Health has advised restricting intake of kidney and liver from Yukon caribou, the 
recommended maximum varying depending on herd (e.g. a maximum of 25 Porcupine caribou kidneys/year). 
No health advisories have been issued for caribou in Northwest Territories or Nunavut. Heavy metals are 
exceptionally low in the marrow and meat (muscle) from caribou and these remain healthy food choices.   
 
Fluorinated compounds 
Hepatic concentrations of PFASs are presented for the 2018 collections, along with data from past years 
(Figures 4 &5). Results for the short-chain PFCAs (perfluorinated carboxylic acids) (C4-C7) are not reported 
as they are currently being reanalyzed. Age did not significantly affect PFCA or PFSA concentrations while 
levels were significantly higher in males than females for PFCAs only. PFCA and PFSA concentrations in the 
Sanikiluaq reindeer were significantly higher those in than the Forty-Mile and the Qamanirjuaq herds and in 
the case of PFSAs also higher than the Lorillard herd (Figure 5). Note that the primary reason for the higher 
PFSAs in the Sanikiluaq reindeer was higher concentrations of PFOS (average is 6.1 ng·g wet weight) and 
although this is higher than other caribou from Canada, it is still substantially lower than levels found in two 
caribou herds from Greenland (averaged 14.2 ng·g wet weight; Gamberg et al. 2016). PFCA levels show a 
significant decline in the Porcupine caribou, driven by C9-11 which, together, make up just over 90% of the 
long-chain PFCAs. The Qamanirjuaq herd shows more no significant trend over time (Figure 4).  
Concentrations of PFSAs are declining in both herds, statistically significantly in the Porcupine herd, but not 
in the Qamanirjuaq herd (Figure 5). This is likely due to the implementation of international controls. 
Concentrations of all PFASs are low with respect to potential toxicity to caribou or those consuming caribou. 
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Figure 4. PFCAs in Arctic caribou liver (C8-C14). 
 

 
Figure 5. PFSAs in Arctic caribou liver (C6-C12). 
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Brominated compounds 
PBDE results are presented for the 2018 collections 
of the Qamanirjuaq, Forty-Mile and Lorillard herds, 
along with data from past years (Figure 6). Liver 
samples from the Sanikiluaq reindeer are still being 
analyzed.  There are no clear trends in total PBDEs, 
but with so few years, any trend would be difficult to 
discern. PBDE concentrations did not differ 
significantly among herds. Concentrations of PBDEs 
are low with respect to potential toxicity to caribou 
or those consuming caribou. 
 
Data collected from this program continue to  
provide baseline data for contaminants in Arctic 
caribou as well as a valuable tissue archive for legacy 
and emerging contaminants. The ongoing nature of 
this program provides security and confidence for 
northerners using caribou as a food source and acts 
as an early warning system for wildlife managers. 
The length and consistency of this program also provides a valuable database for exploring the dynamics of 
contaminants of concern (e.g. Hg) within the terrestrial ecosystem. This program will continue to collect and 
analyze samples from the Porcupine and Qamanirjuaq caribou herds (20 animals from each) as well as two 
additional herds in the coming fiscal year. 
 
Expected Project Completion Date: This program is ongoing. 
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Project Statistics and Information:  April 1, 2019 – March 31, 2020 

Engagement & 
Communication 

Indicators 

Description Date 
 

Location 
 

Number 
of people 

of materials 

Details 
How were they involved? 

 
Northerners engaged in your 
project  
 

Workshops  Sept 
2019 
 
Nov 
2019 
 

Iqaluit, NU 
 
 
Arviat, NU 
 
 

25 
 
 
300 
 

Nunavut Arctic College: 
Presentation and Discussion 
 
Caribou Workshop 
 
 

School visits Nov 
2019 
 

Arviat 60 High School presentations 

Meetings April 
2019 
 
 
 
 
 
 
June 
2019 

Taloyoak, NU 
 
 
Cambridge Bay, 
NU 
 
Kugluktuk, NU 
 
 
Ottawa 
 

14 
 
 
5 
 
 
5 
 
 
35 
 
 

Public meeting with local 
biologists and HTO 
 
Meeting with HTO and 
CHARS 
 
Meeting with local 
biologists and HTO 
 
CALAS meeting (Canadian 
Association for Laboratory 
Animal Science) 
 
 

Consultations Nov, 
Dec   
2019 

Old Crow, 
Dawson, Mayo, 
Whitehorse YT; 
Inuvik, Fort 
Macpherson, 
Aklavik, 
Tsiighetchic, 
Tuktoyuktuk, 
Yellowknife NT; 
Arviat, Whale 
Cove, 
Chesterfield 
Inlet, Rankin 
Inlet, Baker 
Lake, Iqaluit NU 

105 Consultation with local 
HTOs, Renewable Resource 
Councils and Boards, First 
Nations, Regional 
contaminant committees, 
local and federal 
government agencies and 
Wildlife Management  

Part of your 
project team  

ongoing YT, NU 
 
 
YT, NU 
 
 
YT, NU 

4 
 
 
4 
 
 
12 

Biologists assisting with 
sampling 
 
Renewable Resource Board 
and HTO coordinators 
 
Hunters 

Hired     
Other     

Students involved in your NCP Northern     
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project Southern     
Distribution of project 
materials/ information and 
results 

Reports to Hunters     
Newsletters     
Posters     
Other  Ongoin

g 
 

 
Whitehorse, YT 
 

 
 
 

 
Facebook Page 

Publication & Data Indicators  Details  
Including references and links 

Citable publications Journal articles Gamberg M, Pratte I, Brammer J, Cuyler C, Elkin B, Gurney K, Kutz S, 
Larter NC, Muir D, Wang X, Provencher JF. 2020. Renal trace 
elements in barren-ground caribou subpopulations: Temporal trends 
and differing effects of sex, age and season. Sci Total Environ 
724:138305. https://doi.org/10.1016/j.scitotenv.2020.138305 

 
Conference 
presentations 

 

Other Contaminants in Artic Caribou: What we’re doing in other parts of the 
country has an impact! In Canadian Association for Laboratory Animal 
Science Newsletter. 
 

Media articles (print/ online) 
related to your project 

Radio  

Knowledge Integration 
Indicators 

 Details 

How are your project results, 
data, and information used, 
and by whom?   
(i.e., names/types of 
assessments, initiatives, 
etc, that will use your 
project results) 

Local State of the Environment Report, Yukon Environment 

Regional/ National CACAR Hg Assessment; Canadian Hg Science Assessment 

International Risk profile of PFHxS under Stockholm Convention; AMAP Hg Assessment 
 

Access to Data Meta Data in Polar 
Data Catalogue 

PDC Record # 12007 

 
 
 


