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Hazard identification
Exposure assessment
Dose-response modelling
Risk Characterization
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First Nations communities near Fort 
Saint James, BC
Resident fish in local lakes: lake trout, 
whitefish, red sucker, sturgeon
Salmon (Stuart River run)
Are the fish safe for people to eat?  
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Natural deposits in rocks and soil
Emissions from mercury mining and 
refining operations (1960s to 1970s)
Continuing soil and water pollution from 
mine waste piles
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Organic alkyl compounds of mercury
Formed by the action of aquatic bacteria
Accumulates and becomes more 
concentrated as it passes up the food 
chain to fish and to people
Fish at the top of food chain, larger and 
older fish have the highest levels
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Fish species Average

Hg (ug/g)

Sharks 1.33
Swordfish 0.95
Walleye 0.52
Bass, freshwater 0.38
Northern pike 0.31
Halibut 0.25
Snapper 0.25
Tuna 0.21
Pollock 0.15
Trout 0.15
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Fish species Average
Hg (ug/g)

Cod 0.12
Perch, ocean 0.12
Perch, freshwater 0.11
Sardines 0.10
Carp, common 0.09
Flounders 0.09
Haddock 0.09
Mackerel 0.08
Salmon 0.04
Herring 0.01
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All effects are a matter of degree and 
dose 
Severe cases: noticeably ill or disabled
Mild cases: feels OK, but doesn’t 
perform as well on tests
All effects have other possible causes 
besides methylmercury poisoning
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Tremor (shakiness)
Incoordination (hands, speech, walking)
Impaired vision (tunnel vision, blindness)
Impaired hearing (tone and speech discrimination, 
deafness)
Numbness, weakness/paralysis of limbs
Irritability, shyness, depression, memory loss, 
confusion
Subtle developmental effects on young children 
(reduced scores on tests)
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Protein in the urine
Reduced kidney function
Kidney failure
Seen in severe cases of mercury 
poisoning
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Health Canada guideline:
Intended to protect against subtle effects on 
nervous system
Maximum of 0.5 ug/g (total Hg) in food
Higher levels (e.g., shark, swordfish, tuna 
steaks) permissible, with a warning to limit 
consumption
“Limited” consumption means no more than 
one meal per month for children and women 
of childbearing age, or one meal per week for 
everyone else 
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Mercury in lake trout
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Mercury in whitefish
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In some lakes, mercury levels high 
enough that people should limit their 
consumption of large lake trout
“Limited” consumption means no more 
than one meal per month for children and 
women of childbearing age, or one meal 
per week for everyone else 
Consumption above these limits is not 
common
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Lake Fish length Mercury level 
expected

Advice

Pinchi > 65 cm > 1.5 ppm Don’t eat

Pinchi 40 to 65 cm 0.5 to 1.5 ppm Limit intake

Tezzeron > 60 cm 0.5 to 1.5 ppm Limit intake

Stuart >70 cm 0.5 to 1.5 ppm Limit intake

Trembleur > 70 cm 0.5 to 1.5 ppm Limit intake
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Mercury levels below the Health 
Canada guideline (0.5 ppm)
No need to restrict consumption of 
whitefish, red sucker or salmon
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On July 31, 2006, a train derailed from a 
bridge near Lytton, BC
800 tonnes of coal dumped into the 
Thompson River, where it meets the Fraser 
River
Aboriginal and sport salmon fishing was in 
progress
Are the salmon safe for people to eat?
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100+ different chemicals, found naturally in 
coal, oil, tar, creosote
Also formed by burning organic materials: 
coal, oil, gas, wood, garbage, etc.
Present in tobacco smoke
BBQ, charbroiling, smoking add PAHs to 
food
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Dispersed by natural fires and industrial activity
Found widely in air, water, soil, dust, sediment
PAHs in air break down in days to weeks, by 
reacting with sunlight and other chemicals
PAHs in soil and water break down in weeks to 
months, by the action of micro-organisms
Can be taken up and accumulated by plants and 
animals
Estimated total exposure to PAHs for average 
person in the USA: 3 mg/day (ATSDR, 1995)




����
��		�!����	�&�
�

Cause cancer
Cancer of lung, nose, larynx, mouth, lip, 
tongue, throat, esophagus, stomach, bladder 
in cigarette smokers
Lung cancer in coke oven workers
Bladder cancer in aluminum smelter workers
Increased risk of stomach cancer in people 
who eat a lot of smoked or pickled fish
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Fraser River (downstream from coal spill), 
August 1-3 (after spill), 22 fish

Comparison to fish not exposed to coal spill
Fraser River (downstream from coal spill), 
July 29-31 (before spill), 4 fish
Middle River (800 km upstream), August 4-8 
(passed through before spill), 20 fish



�����	���



-������$��������	�&�
�����
������

Fraser River (downstream from coal spill), 
August 1-3 (after spill), 22 fish

Comparison to fish not exposed to coal spill
Fraser River (downstream from coal spill), 
July 29-31 (before spill), 4 fish
Middle River (800 km upstream), August 4-8 
(passed through before spill), 20 fish
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mean SD U95CL RfD TDI fish
ug/kg ug/kg ug/kg ug/kg/d kg/day

Naphthalene 2.8 9.8 6.9 20 202
Acenaphthylene 16.0 24.8 26.6 . .
Acenaphthene 0.5 0.0 0.5 60 8,400
Fluorene 0.5 0.0 0.5 40 5,600
Phenanthrene 0.5 0.0 0.5 . .
Anthracene 0.5 0.0 0.5 300 42,000
Fluoranthene 0.5 0.0 0.5 40 5,600
Pyrene 0.9 1.8 1.6 30 1,294
Benzo(a)anthracene 0.5 0.0 0.5 . .
Chrysene 0.5 0.0 0.5 . .
Benzo(b)fluoranthene 0.5 0.0 0.5 . .
Benzo(k)fluoranthene 0.9 2.0 1.8 . .
Benzo(a)pyrene 1.0 0.0 1.0 7,300 511,000
Indeno(1,2,3-c,d)pyrene 1.0 0.0 1.0 . .
Dibenz(a,h)anthracene 1.0 0.0 1.0 . .
Benzo(g,h,i)perylene 1.5 0.0 1.5 . .
Total 29.1 26.6 40.4
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Total measured amount of PAHs in 1 kg of 
salmon (0.029 mg) was very small compared 
to average person’s estimated total daily 
intake of PAHs from all sources (3 mg).
A person would have to eat impossibly large 
amounts of contaminated salmon to exceed 
Reference Doses of specific PAHs
We don’t know the source of the 
contamination.



���
�� �����!�.���$����
��.�,/��



��������0�
������!����1������$�)����

First Nation community gets water piped 
from Lillooet, BC
Lillooet supply is a mixture of ground water 
(wells) and surface water (creeks)
Arsenic in ground water
Is the community water supply safe to 
drink?
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Long-term intake of Arsenic in drinking 
water increases risk of cancer of skin, lung, 
liver, bladder
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Guidelines for Canadian Drinking Water 
Quality:
Maximum acceptable is 0.010 mg/L 
Based on municipal- and residential-scale 
treatment achievability
At MAC, estimated excess lifetime risk of 
cancer is 3 to 39 per 100,000 persons
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Location and depth of well
Seasonal rise and fall of water table 
Growth of arsenate-, iron- or sulfate-
reducing bacteria underground
Mineral scale deposition within the 
distribution system
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Surface water from Town Creek and Dickie 
Creek

Supplemented intermittently (summer, high 
demand, high turbidity) by wells
Conway 1 (too much arsenic)
Conway 2 (too much arsenic)
Rec Centre A (low flow)



As levels in Lillooet 
wells.

Arsenic levels in Lillooet Wells
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Objectives:
Measure arsenic levels in the community 
water supply, at the point of use
Assess the seasonal and the house-to-
house variability of arsenic levels

Method:
Collect water samples from on-reserve 
houses (from the main kitchen tap), 4 times 
over a one year period (spring 2010, 
summer 2010, fall 2010 and winter 2011) 



As levels in Lillooet 
wells.

Arsenic levels in Lillooet Wells
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April 2010: new well (Rec Centre B) brought 
on-line
Arsenic levels below MAC
Flow sufficient, Conway wells no longer 
needed
Community loses interest in exposure 
assessment project



Thank you.


