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Abstract	
 
Traditional country food is vital to Inuit culture and it has provided high-quality diet for 
millennia. With the event of industrial development, natural contaminants concentration (e.g. 
mercury) has constantly increased in the Atmosphere and Oceans and have accumulated in 
ecosystems and living organisms to reach the most remote Arctic regions, and many adverse 
effects of contaminants on animal and human health have been identified. Balancing the benefits 
that country food brings to Arctic residents (body health, mental health, and culture) with the 
risks associated with the utilization of country food that contains contaminants is not an easy 
task.  
In this 2018-19 NCP project, we: 
 

1) monitored contaminants (mercury and trace metals) and stable isotopes in different 
tissues collected on ringed seals in the spring (n=14) and fall (n=13) of 2018; 

2) ran statistical analyses on the 2017-2018 contaminants data (mercury and trace metals) 
collected on ringed seals; 

3) determined the nutritional content of ringed seals based from the 2017-18 data. 
 

 
Results for trace metals and stable isotopes on the 2018-19 data are not yet available and pending 
at the laboratory. Arctic char could not be sampled this year. POPs analysis will be performed on 
the last year of the project (2020-21). 
 
In addition to the NCP objectives, in partnership with Dr. Pierre-Yves Daoust from UPEI, we 
determined the occurrence of infectious pathogens in ringed seals from the 2017-2018 data (see 
Appendix).  
 
2018-19 was the conclusion of our ringed seal monitoring. Based on the success of this baseline 
study and local capacity developed, we intend to pursue this project in 2019-20 for the 
monitoring of narwhals. Consequently, we request for the unspent funds from 2018-19 to be 
carried over to 2019-20. 
 
This community-based project was led by James Simonee, with the support from 
ARCTIConnexion, the Mittimatalik HTO, and team members. Synopsis report was prepared by 
ARCTIConnexion, with the contribution of James Simonee. 
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Key	messages	

 
1) The advancement of a community-based project on ringed seals led by local researchers 

and supported by mentors and NCP researchers; 
2) Higher Hg concentration in liver than muscle; 
3) Liver concentrations above recommended threshold for Hg, Ar, and Cd. Positive 

correlation between Hg concentration and age in liver. Higher Hg concentration in the 
spring than fall; 

4) Concentration of methyl mercury (toxic) averaged 35% of Total mercury concentration; 
5) Temporal and spatial variation in food use. 

Objectives		
 

1) Portray seasonal/spatial variation in mercury and trace metals concentration in ringed seal 
and Arctic char of the Eclipse Sound; 

2) Establish a baseline on POPs (legacy and newer concern POPs) for ringed seals; 

Introduction	
 
In the early 2000s, mercury concentrations in ringed seal liver and kidney were well above 
Health Canada guidelines (0.5 mg/kg weight tissue) in Pond Inlet (Mittimatalik) as determined 
by other NCP scientists (Braune et al. 2015). Some POPs (e.g. bromure derives utilized as flame 
retardants) concentrations have recently increased in marine mammals tissues in other Arctic 
regions as well as in human biomarkers (Rotander et al. 2012, Hoguet et al. 2013), yet no data is 
available in Pond Inlet.  
 
In 2017-18, our NCP project was the first to contribute to contaminants knowledge since the 
2000s, and the first to integrate local observations and knowledge to contaminant science in the 
region. However, results from contaminants analyses were not yet available and hence not 
included in our previous Synopsis Report.  
 
In this 2018-19 NCP project, we harvested additional ringed seals to increase or sample size 
which will allow us to identify the factors that influence the concentration of mercury and trace 
metals in ringed seals. We also ran statistical analyses based on the 2017-18 results which 
provide us with a good starting point.   
 
Local research capacity in the field of contaminants science is still very limited in Arctic 
communities and our project has shown in the past that local support and promotion of 
contaminant research can lead to very interesting community-based initiatives. In 2018-19, 
James Simonee still played an active role and showed leadership in all aspects of the research. 
Because of his involvement, the project objectives, progress, and results are continually shared 
and promoted in the community, which enables a more actual and adapted outreach. 
Again this year, we involved a team of mentors to support James, including high-profile NCP 
researchers.   
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Activities	conducted	in	2018-2019		
 
Obj.	1	and	2	(Mercury	and	trace	metals	concentrations,	and	POPs)	
 
 
Seal	
 
In order to determine seasonal variation in the concentration levels of ringed seals, we harvested 
seals in the spring (ice season) and fall (ice-free season) of 2018. Most of the seals were sampled 
from the Emerson Island area in the spring (Fig. 1), and from across Pond Inlet up to Bylot 
Island in the fall.  However, we were not able to harvest seals in the Milne Inlet area as planned 
due to early ice forming in the fall.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1- Regional map of the study area. Pale and dark brown ellipses represent ringed seal harvest 
areas in spring and fall of 2018, respectively. 
 
 
On-site, we recorded body measurements and collected and stored specific animal tissue (meat, 
liver, blubber, fur, blood) utilized for contaminants analysis, isotope analysis, and serology for 
infectious pathogens analysis. Samples were shipped to Environment Canada’s Burlington lab, U 
of New Brunswick’s Sinlab, and U of Prince Edward Island for processing. Blubber and liver 
samples were stored for future analysis of POPs levels. 
 
In the fall of 2018, contaminants and stable isotopes results from 2017 were obtained and 
analyzed. We ran statistics models (linear regressions and ANOVAs) to determine seasonal and 
spatial variation in the contaminant levels found in ringed seals. We also addressed the 
contribution of other factors such as the age of the seal and tissue type to contaminant levels. We 
ran similar analyses on the stable isotopes data to address variation in diet use. Results from 
2018 are pending. 
 
In the winter of 2019, we compiled contaminants and infectious pathogens results into an easy-
to-read pamphlet designed for community members and local organizations (see Appendix). A 
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copy of the pamphlet content was shared with Nunavut Dep. of Health, and comments were 
accounted, for prior to release.  
 
Arctic	char	
 
No anadromous Arctic char were sampled in 2018 as planned. Project leader James Simonee 
reevaluated the Arctic char objective along with the Mittimatalik HTO and, since Arctic char 
were already monitored in 2015-2016, priorities we reframed and put on the incoming narwhal 
monitoring. HTO still has interest to deepen the research on Arctic char in the Qurluktuk lake 
area nearby the Mine port, and this component will be re-evaluated in the future. 
 
 
 

Community	Engagement	
 

o Project leader James Simonee is based in Pond Inlet and benefits from daily and 
continuous support from community members, hunters fellow, family, and local 
HTO. For example, during the fall sampling, James requested the help of local 
hunters for the harvesting of ringed seals and the hunter's community answered 
immediately, allowing the project to fulfill its objectives;  

o 3 assistants (Andrew Jaworenko, Jassie Simonee, and Ivan Koonoo) participated 
to the project. They provided help during hunting trips and the sampling ringed 
seals; 

o Local elders and hunters provided help and guidance along the project. 
 

 
Capacity	Building	and	Training	
 

o Veterinarian from UPEI, Pierre-Yves Daoust, travelled to Pond Inlet at spring to 
provide field work training to James Simonee and assistants for serology 
sampling; 

o Research mentor Vincent L’Hérault travelled to Pond Inlet at fall to provide 
support and training during the field work; 

o James Simonee could not travel to Ottawa for presentation at the Arctic Net 
conference due to work duty; 

o James Simonee travelled to Québec City in February 2019 for a one-week data 
analysis and report writing training at ARCTIConnexion, along with mentor 
Pierre-Yves Daoust; 

o James Simonee could not travel to the Water Science and Technology Directorate 
lab in Burlington, Ontario, in March 2019 for a training of lab analysis, due to 
work duty. This activity is postponed to 2019-20. 
 

Communications	and	Outreach	
 
Local	

 
o Project progresses were shared along the way with community members and the 
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Mittimatalik Hunters & Trappers Organization (HTO); especially during field 
works period; 

o A pamphlet showing results highlights (see Appendix) was released in March 
2019. 

o James Simonee presented an update of the project and the pamphlet to the HTO in 
March 2019. 

 
National	
 

o General project progresses were discussed with funders and partners at the 2018 
ArcticNet conference held in Ottawa. Oral and poster presentation could not be 
presented; 

o Communications with a large public, academics and media were ensured through 
the ARCTIConnexion’s Web Site (www.arcticonnexion.ca) and Facebook page 
(www.facebook.com/ArctiConnexion); 

o Metadata records were submitted to the Polar Data Catalogue in March 2019 
https://www.polardata.ca/pdcinput/metadata/display?ccinRefNumber=13059 

 
 

Indigenous	Knowledge	
 

o Indigenous knowledge was embedded in all aspects of this research project 
because it was led by a local hunter and supported by the hunters’ community; 

o The scientific design of the project (sampling areas/sites and seasons) was 
inspired by the knowledge of James Simonee and other hunters. 

 
 

Results	and	Outputs/Deliverables	
 
2018	
  
We harvested a total of 27 ringed seals in 2018, for a total of 57 seals in this project. We 
harvested 13 and 14 ringed seals in the spring and in the fall, respectively. Figure 2 shows the 
sex ratio for each season. At the moment of this reporting, lab analysis of mercury and trace 
metals, stable isotopes, and aging are on the way.  
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Figure 2- Summary of the 2018 ringed seal harvest by season and gender.   
 
	
	
2017	
 
To address the potential impact of metal concentration on human health, we compared our 
results to the thresholds determined by different international organizations (Table 1). In 
Canada, tolerable upper intake levels have been established for mercury but not for arsenic, lead 
and cadmium (Health Canada, 2009). 
 
Table 1. Tolerable metal concentration thresholds recommended for consumption determined by 
different organizations 
Contaminant Threshold  Source 

Arsenic 0.2 mg/kg European 
Commission, 2016 

Cadmium 0.025 (Provisional 
Tolerable Weekly 
Intake)   

World Health 
Organization, 2017 

Lead Not available - 

Mercury 0.5 mg/kg Health Canada, 2009 
*All thresholds are for adults. 
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2017-	Among-tissue	comparison	
 
Muscle of ringed seal contained !̅ = 0.38 ± 0.06 mg/kg (n=26; Fig. 2), which is below the 
acceptable level for consumption (Table 1). The liver of ringed seals contained !̅ = 7.34 ± 3.97 
mg/kg (n = 26; Fig. 2) which was significantly higher than the muscle (F1,24=7.09, p=0.001, 
n=26), and well above the recommended threshold for consumption (Table 1).  
 

 
 
Figure 2- Among-tissue comparison of mercury concentration in ringed seals. Averages and 
standard deviations (bars) are shown. Letters over the bars indicate statistical difference. Dashed 
line indicates the acceptable level for consumption. 
 
 
2017-	Among-season	
 
Mercury levels were significantly higher in the spring (!̅ = 10.71 ± 5.50 mg/kg, n=10) than in the 
fall (!̅ = 4,87± 1.64 mg/kg, n=14) (F1,24=7.32, p=0.01; Fig. 3). However, spring and fall samples 
were not sampled at the same location, which implies that some of the among season variation 
observed in mercury levels could be attributed, at least partly, to spatial variation. All other trace 
metals were not different among season. 
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Figure 3- Among-season comparison of mercury concentration in the liver of ringed seals. 
Average and standard deviation (bars) are shown. Letters over the bars indicate statistical 
difference. Dashed line indicates the acceptable level for consumption. 
 
 
 
2017-	Contaminants	vs	Age	
 
Mercury and cadmium concentration in liver were positively correlated to the age of the seal 
(p=0.04, R2=0.16; Fig. 4.A, and p=0.002, R2=0.33; Fig. 4.B, respectively). Liver of ringed seal 
contained other contaminants such as arsenic (!̅ = 1.04 ± 0.15 mg/kg, n=26) and lead (!̅ = 0.007 
± 0.003 mg/kg, n=26), which were not correlated to age. All liver samples were above the 
recommended threshold for mercury, cadmium and arsenic (Table 1). 
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Fig. 4- Linear regression (black dashed line) of the mercury (A) and cadmium (B) concentration 
in liver as a function of the age of the ringed seal. Dashed blue line indicates the acceptable level 
for consumption. 
 
2017-	Methyl	mercury	
 
The mercury concentrations measured in ringed seal livers correspond to Total mercury, which 
contains both nontoxic inorganic Hg selenides, and toxic methyl mercury (MeHg) compounds 
(Wagemann et al. 2000). To quantify the proportion of toxic mercury in the liver and how it 
relates to total mercury, we ran MeHg analysis on 10 ringed seal livers (samples balanced 
between season, age, and sex). MeHg concentration averaged 2.57 ± 0.40 mg/kg), which 
corresponds to ~35% of the Total mercury average. We ran a linear regression of MeHg as a 
function of Total Hg in order to develop algorithms to predict MeHg concentration in future 
work. The regression was not significant, possibly due to our small sample size. In future work, 
it will be important to run MeHg/ THg regression for different seasons and age class. 
 
 
2017-	Nutritional	fact	of	liver	
 
Despite its load of mercury and other metals, our results show that liver still remains a valuable 
source of essential elements for human diet, such as iron (Table 2). 
 
 
Table 2. Nutritional facts for 100 g of ringed seal liver, based on Health Canada dietary 
recommendations (Health Canada, 2019). % were calculated using the average value (n=26 
ringed seals)  
   

Elements 
% of the Recommended 

Dietary Daily Allowance* 
% of the Tolerable Upper 
Intake Level (UL)** 

Calcium 0.5 0.2 
Chromium 52 - 
Iron  677 120 
Magnesium 5 - 
Manganese 16 3 
Phosphorus 42 7.3 
Potassium 6 - 
Selenium 1.0 0.1 
Zinc 44 12 

* % are for male between 19-30 years old. 
**The tolerable upper intake level (UL) is the maximum usual daily intake level at which no risk 
of adverse health effects is expected for most of the individuals. The risk of adverse effects 
increases as intake exceeds the UL (Health Canada, 2017) 
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2017-	Stable	isotopes	
 
We detected among-tissue variation in the isotopic ratios of ringed seals. Muscle ratios ranged 
from -20.8 to -18.4 ‰ in carbon (d13C) (!̅ = -19.3 ± 0.3 ‰), and from 15.4 to 17.6‰ in nitrogen 
(d15N) (!̅ = 16.2 ± 0.2 ‰) (Fig. 5). Liver ranged from -21.1 to -19.2 ‰ for d13C (!̅ = -20.6 ± 0.3 
‰) and from 15.0 to 19.1‰ for d15N (!̅ = 17.0 ± 0.4 ‰; Fig. 5). The relatively high variability in 
both d13C and d15N ratios suggest variability in food use. The elevated d15N ratios in ringed seal is 
typical of animals with high trophic level (top predators). 
 

 
 
Figure 5- Variation in the isotopic ratios of carbon (d13C) and nitrogen (d15N) of ringed seals 
(n=26). Mean value ± standard deviation is provided for muscle and liver 
 
 
δ13C and d15N varied significantly among tissue (F1,54=59.49, p < 0.0001, F1,54 = 29.96, p < 
0.0001, n=26, respectively)  and season (F1,54=35.17, p < 0.0001, F1,54 = 22.71, p < 0.0001, n=26, 
respectively) (Fig. 6 A, B). The interaction between tissue and season was also tested, and was 
not significant for δ13C, but was significant for d15N (F1,54 = 29.96, p < 0.0001, n=26). This result 
suggests that the liver and muscle samples were significantly different from each other during a 
particular season. 
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Figure 6- Variation of d13C (A) and d15N (B) in ringed seals as a function of tissue and season. 
Dark line represents the median, box and arrow represent the 50% and 95% confidence interval, 
respectively.  
 
 
Yet preliminary, our results reveal that ringed seals are not homogenous but quite variable in 
their isotopic ratios, which reflects variation in food use. Our results suggest that food use is 
influenced by season, and can also vary at finer time scale as revealed by the among tissue 
differences in isotopic ratios. The different turnover rate of the liver and muscle determined the 
rate at which the carbon and nitrogen are being assimilated. Here, the liver tissue provided an 
indication of the diet assimilated by the animal during the past week, and the muscle provided 
the diet assimilated during the past month (Hobson et al. 1996; Sinisalo et al. 2008). Importantly, 
spring and fall samples were collected at different locations (Fig.1), which implies that isotopic 
variation (and variability in food use) could be attributed, at least partly, to spatial differences in 
prey sources. 
 
In the context of this report, it is important to note that these results are preliminary and were 
conducted on raw isotopic values. Corrections for isotopic discrimination and lipid contents are 
typically applied to raw isotopic value, which were not performed here. In addition, further 
analyses involving the isotopic ratios of prey species are required to further our understanding of 
food use in ringed seal. 
 
 
 
	 	

A 
 

B 
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Discussion	and	Conclusions	
 
During the second year (2018-19) of our seal monitoring project, our team was able to complete 
the collection of ringed seal samples in the Eclipse sound. Although the samples are currently 
being processed in the lab, we were able to conduct data analyses on the 2017 data, and provide 
preliminary results that are very informative: 
 

1) The muscle samples of ringed seals were relatively low in mercury levels and below the 
recommended threshold provided by Health Canada, and poses no apparent risk for 
consumption; 

2) The liver samples of ringed seals were above the recommended threshold for mercury, 
arsenic, and cadmium, and increased with age for mercury and cadmium. Methyl 
mercury concentration corresponded to ~35% of the Total mercury concentration. 
Consumption of livers may pose a risk to human health;   

3) The liver of ringed seal is a valuable source of essential nutrients, but its iron level was 
20 % over the recommended Tolerable Upper Intake Level (UL), which may increase 
health risk. However, iron absorption depends on multiple factors (e.g. vitamin intake and 
interaction with food type) that need to be accounted for in further studies. 

4) Ringed seal can use a variety of food sources in time (and space) as revealed by 
preliminary results stable isotopes analyses. Variation in food sources can lead to 
differences in contaminant levels.  
 

 
Despite the preliminary nature of our results, our study revealed important trends than can be 
used for prevention. As confirmed by the isotopic results, the ringed seal is a top predator with a 
greater ability to bioaccumulate contaminants, particularly in liver. To mitigate the risks 
associated with the consumption of liver, we recommend to preferably use young ringed seals 
and during the fall season. The consumption of ringed seal meat is also recommended. 
However, these recommendations need to be taken with caution, as we still require to run more 
analyses in the future, including Methyl mercury and POPs concentration. 
 
Future work  
 

1) Run mercury, methyl mercury, trace metals, POPs, and stable isotope analyses on the 
2018 samples; 

2) Combine 2017-2018 in statistical analyses;  
3) Run stable isotopes mixed model accounting for prey signatures, test for sex 

(reproduction status), age, and location; 
4) Bridge scientific results with local knowledge documented earlier in this project 

 
 
Expected	Project	Completion	Date			
 
The ringed seal sub-project will be completed by winter 2020.  
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Project	website	
 
Facebook pages:   
www.facebook.com/Contaminants-monitoring-in-marine-country-food-in-Pond-Inlet   
 
www.facebook.com/ArctiConnexion 
 
 
Website:  
www.arcticonnexion.ca  
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Project	Metrics	and	Information	April	1,	2018	–	March	31,	2019	
 
 
 
 
 
 
 

Northern Engagement  
Indicators 

Type of 
Engagement 

Date 
 

Location 
 

Number 
of Northerners 

engaged 

Details 
How were they involved? 

 
Northerners engaged in your 
project  
 

Workshops Juin 2018 Pond Inlet 3 Necropsy and sampling work 
training 

Workshops October 
2018 

Pond Inlet 3 Necropsy and sampling work 
training 

Workshops  February 
2019 

Québec 1 Communication (Pamphlet), 
Data analysis with PY Daoust 

School visits To come Pond Inlet ~40 Once results known 
Meetings --    
Consultations --    
Part of your 
project team  

June and  
August 
2018 

Pond Inlet 4 Project leader and research 
assistants 

Hired June and  
August 
2018 

Pond Inlet 3 Project leaders and research 
assistants 

Other --    
Students actively involved in 
your NCP project  

Northern --    

Southern --    
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Communication and Outreach  
Indicators 

 

Description Date 
 

Location 
 

Number of  
Materials 

distributed 
 

Details 
What materials were 

distributed? To whom were 
they delivered/presented? 

 
Include links to the materials 

if available.  
 
Distribution of project materials/ 
information and results to the 
general public and Northerners 

Fact Sheets February 
2019 

Pamphlet on 
research 
results 

> 100 Community members and 
organizations, HTO 

Newsletters --    
Posters --    
Presentations Mars 2019 Pond Inlet 1 Pond Inlet HTO 
Online (websites, 
videos) 

May and 
July 2018 

Online 3 Web Site Arcticonnexion.ca – 
Update of the project and 
pictures 
Facebook posts- 
ARCTIConnexion page  
 

Other  May 30th 
2019 

Iqaluit 2 CBC North radio- interview 
with James Simonee 

Publications Indicators Description 
Details 

Including references and links 

Citable publications 

Journal articles -- 
Conference 
presentations 

-- 

Other -- 
 
Media articles related to your 
project 
 
 

Print / Online 

CBC Online: Baffinland must clarify effects on narwhal before expansion of 
Nunavut iron ore mine 
https://www.cbc.ca/news/canada/north/second-technical-meeting-for-baffinland-
1.5111345 
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Data Management Indicators Description Details 

Data Management Plan Plan completed 
Provided to NCP Secretariat: May 2017 
 

Discoverable Data 
Metadata In Polar 
Data Catalogue 

PDC Record # 13059- Mercury and trace metals concentrations in Arctic char and 
Ringed seal from the Eclipse Sound near Pond Inlet, Nunavut (2016-2019) 

Preservation and Access to Data Data Repository 
ARCTIConnexion- private access, to be uploaded at Library of Pond Inlet 
Archives and Hunters and Trappers Organization 

Knowledge Integration 
Indicators 

Description Details Details 

How are/will 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 Hunters and Trappers Organization 
Local use, planning and management, 
local hearings with industry and 
negotiations 

Regional/ 
National 

-Government of Nunavut Health 
Department 
-Polar Data Catalogue, academic 
partners and NCP researchers 

-Update of public messaging with regards 
to country food and contaminants. 
-Publication partnership with NCP 
scientists  

International -- 
-Publication partnership with NCP 
scientists 
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Annual	review	of	Revenue	and	Expenditures	2018-2019	
 
 

Eligible Activities/ Expenditures Maximum Funding Spent Difference 
Fiscal Year 2018-19     
  67833 53512 14321 
Eligible Expenditures       

Professional Fees and Services 41985 29138 12847 
Equipment and Facilities 5000 2838 2162 

Travel 12000 12688 -688 
Administration Fee (15%) 8848 8848 0 

Maximum Funding for Fiscal Year 2018-19 67833 53512 14321 
 
 
 
An amount of 14 321$ is left from the 2018-2019 budget. We request that this amount be transferred to the 2019-2020 budget according to 
the NCP flexible agreement. 
 
 



21 
NCP SYNOPSIS REPORT 2018-19  |  Simonee et al. 2019 

APPENDIX	–	Seal	results	Pamphlet	
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