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Six Topics

 Overview of mercury issues

 Basic concept of toxicology and risk 
assessment

 Health Canada Guideline levels

 WHO/FAO Risk-Benefit Assessment

 Previous work 

 Inuit Health Survey

 First Nation Food Nutrition and Environment 
Study

 Comments on 2 monitoring results and 
future scenario
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1. Mercury – some background
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New problems arise from an old toxin

 Mined for over 2000 years

 Known neurotoxicant since the 

18th century

 Public health concern started 

since poisoning in Minamata
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Why care about Hg?

 potent neurotoxicant

 levels  3 - 6x pre-industry

 2 - 8 kilotons released per year

 biomagnification factor: up to 1 million

Add global distribution map

(Dastoor et al, 2004)

Anthropogenic Hg Emissions (1990)
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Natural vs Anthropogenic sources 

of Hg globally

Durnford et al. 2010008
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Global emission of Hg will 

increase by 50% in 2050 

Streets DG, Zhang Q, Wu Y. Environ Sci Technol. 2009 

Apr 15;43(8):2983-8.
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Prosperity needs more power

China has been

building about two 

power stations every 

week in the last 2 

decades
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Oceanic transport of Hg in the 

Pacific

Sunderland et al GLOBAL BIOGEOCHEMICAL CYCLES,

VOL. 23, GB2010, 14 PP., 2009 012



Mercury from Asia reaching Canada 

and the Arctic by air currents

Durnford et al. Atmos Chem Phys 10:6063-6086, 2010
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Mercury in sediment slices from two northern lakes
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2. Basic concept of toxicology and 

risk assessment
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Toxicology

The study how chemicals alter the 
structure and response (function) in 
living organisms
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What is not a poison?

All things are poisons, and nothing is 
without toxicity.  Only the dose permits 
anything not to be poisonous.  

Paracelsus (1493-1541)020



Valid Endpoints 

 Threshold

 for a given adverse health effect, 
there is a level (concentration, body 
burden) below which no effect can be 
detected

Biological effects:
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Dose (mg/Kg)

100%

No Observable Effect Level (NOEL)
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NOEL & TRV, TDI, ADI 

 WHO/FAO established NOEL in 1983

 Highest dose that produce no observable 
effect in the most sensitive species

 LOEL - lowest dose that produce 
observable effect

 Animal data versus human data

 Safety factor
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Factors affecting toxicity

 Age

 Body composition

 Sex

 Genetic Factors

 Presence of pathology

 Nutritional Factors
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Relationship between signs/symptoms and estimated body 

burden of MeHg (Iraq)

(Bakir et al. 1973)
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Dose-response analysis of the relationship between CNS signs and 

maternal-hair concentrations during gestation 

(Cox et al. 1989)
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Bayley Developmental Test

Age 1 – 42 months
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Prenatal Hg Exposure levels of Faroese children with Neuropsychological 

Test Scores in Lowest Quartile

(Grandjean et al. 1997)031



Hg Model (Basic)
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 An average BMDL/NOEL of 14mg/kg (14 µg/g) was derived 
for concentrations of mercury in maternal hair in the 
studies of neurodevelopmental effects, which was 
calculated to arise from a daily Hg intake of 1.5 µg/kg bw. 
The PTWI was derived by dividing this intake by a total 
uncertainty factor of 6.4 to give a value of 1.6 µg/kgbw.

034



3. Health Canada Guideline
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Health Canada Guidelines

 blood 

 <20 ppb (ug/L) normal range

 20-100 ppb increasing risk

 >100 at risk

hair
 <6 ppm (mg/Kg or ug/g) normal range

 6-30 increasing risk

 >30 ppm
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4. WHO/FAO Risk Benefit 

Assessment
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About 20% of the world’s population derives at 

least one-fifth of its animal protein intake from fish 
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27.7% of women of child bearing age (20-

49 y) had Hg conc higher than the US EPA 

reference dose

040



N-3 Polyunsaturated Fatty 

Acids (PUFAs)

Docosahexaenoic acid (DHA)Eicosapentaenoic acid (EPA) 
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Two populations at risk

 Women with high mercury intake

 Women with insufficient intake of n-
3 PUFAs

To promote intake of fish types low in 
mercury and high in n-3 PUFA!
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The Seafood Dilemma: 
Health Benefits vs. Biological and 

Chemical Contaminants

What and how do we 

communicate?
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Joint FAO/WHO Expert 

Consultation on the Risks and 

Benefits of Fish Consumption
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Key messages
 The committee finds the evidence convincing that maternal 

fish consumption significantly contributes to optimal 
neurodevelopment in their offspring.

 Optimal health benefits of fish consumption can be achieved 
by maximizing LC-PUFA intake and minimizing contaminant 
intake.

 Fatty fish has higher levels of LC-PUFA.

 Contaminants (e.g. DLCs and MeHg) can have large regional 
difference.  Therefore, it is critical that regional authorities 
have information on contaminants in fish from their region.

 Because contaminants and LC-PUFA concentrations differ in 
different fish species, the choice of fish species consumption is 
therefore important in determining the optimal benefits. 

 In most cases, one to two servings per week of fish, the 
benefits will outweigh the risks.

 Neurodevelopmental benefits of fish consumption are reduced 
by MeHg contamination , and reducing MeHg contamination in 
fish would result in even greater neurodevelopmental benefits 
of fish consumption 046



5. Results of our previous studies
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Inuit Health Survey

Canadian Icebreaker:   

Amundsen 
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Inuit Health Survey 2007 and 2008

34 communities participated

2200 participants 049



Nunatsiavut

 A total of 239 households and 310 
individuals from Nain, Hopedale, 
Postville, Makkovik, and Rigolet
participated in the survey
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Laird et al. 2013 055
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Funding for this study is provided by Health Canada.

The information and opinions expressed in this presentation are those of the 
authors/researchers and do not necessarily reflect the official views of Health Canada.

First Nations Food, 

Nutrition and 

Environment Study

Atlantic Region
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First Nations Food, 

Nutrition and Environment Study

First Nations Food, 

Nutrition and 

Environment 

Study

(FNFNES)

1. Household

Questionnaire

2. Food Sampling for 

a Suite of 

Contaminants

3. Water Sampling for

Trace Metals

5. Hair sampling 

for Mercury

4. Surface water 

Sampling for

Pharmaceuticals
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First Nations Food,

Nutrition and Environment Study

 100 communities from 
2008-2018

 ~8 - 12 communities per 
year

 Systematic Random 
Sampling by region and 
ecozone
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2014 
Partner

First Nations
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Quebec

Ecozones
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62

1025 adults in the Atlantic

670    355    

Average age of 42 for females and 40
for males. 

The participation rate in the Atlantic was 
90% (1025/1139 eligible households).

Who participated?
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On days when 
Traditional Food is 
eaten

On days when 
only market food 
is eaten

The intake of many nutrients is 
higher including: 

Protein
Zinc 
Iron
Vitamin D
Vitamin B12

Vitamin B6

Intake of saturated fat is higher

Intake of sodium is higher 

Traditional Food and Diet Quality
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In the Atlantic, both moderately food insecure 

(22%) and severely food insecure households 

(9%) are common and much higher than the 

Canadian average 

In the rest of FNFNES regions: in BC 41% are 

food insecure; 38% in MB; 29% in ON; 

47% in AB compared to 8% in rest of Canada

Food Security
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 632 hair samples were collected from 
adults. 

 Mercury levels were within Health 
Canada’s guideline normal acceptable 
range for all participants. 

Mercury Levels in Hair
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Thank you

For more information, email
fnfnes@uottawa.ca

Or phone 613-562-5800 ext. 7214
Please visit our website at www.fnfnes.ca
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6. Local Monitoring Results
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Golder Biomonitoring Results
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Calder 2016 Biomonitoring

Results
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Final Note
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Market

Food
Traditional

Food

Total Diet
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Decrease availability of nutritious 

country foods and high cost but 

often poor quality of market food  
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↑ concern of 

environmental 

contaminants
↓ density 

of species

↓ harvesting

↑ sedentary 

life
↓ dietary 

diversity

↓ cultural moral
↓ culture 

specific food 

activities

OBESITY, DIABETES, ALCOHOLISM, GALL BLADDER 

DISEASE, HEART DISEASE, ANEMIA, TOOTH LOSS, 

INFECTIONS, CANCER

Loss of Traditional 

Food Systems

Socio-cultural and 

economic changes
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Eat more fish!

 Not all fish is the same
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Questions?
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