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OutlineOutline

What was proposed?
Who were involved? 
Exercise I results: focus on Lake 
Whitefish and Pisidium sp. For Ra-226, 
Po-210 and U-238
Path forward

Dose calculation at all sites
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Exercise objectivesExercise objectives

CNSC provided Pb-210, Po-210, Ra-
226, Th-230, U-238 concentrations in 
water and sediment.
EMRAS II participants were asked to 
estimate output activity concentration in 
chironomids, Pisidium sp and Lake 
Whitefish and White Sucker. 
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Who were involved: Thanks!Who were involved: Thanks!

Laura Newsome & David Copplestone (UK) ERICA & 
RD128
Mike Wood (UK) RESRAD (?)
Keum Dong-Kwon (Korea) KBiota
Ali Hosseini & Justin Brown (Norway) ERICA+NKS
Katerina Maroudi (Greece) ERICA
Jan Horyna (Czech Republic) ERICA
Matthew Johansen & John Twining (Australia) 
RESRAD & ERICA
Hildegarde Vandenhove (Belgium) ERICA+
Nick Beresford (CEH) ERICA
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Ex. I: Proposed scenariosEx. I: Proposed scenarios

Sites: 11 exposed sites, 4 control sites

Media: water and sediment

Species: bottom-feeding fish, Pisidium 
sp. and Chironomus sp.
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Overview of ResultsOverview of Results

Focus on Ra-226 and Po-210
One exposure site (Greer Lake)
One control site (Fulton Lake)
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Benthic foraging fish: Ra-226Benthic foraging fish: Ra-226

Variability in Ra-226 
activity of fish of Greer 
Lake is mainly related to 
the choice of the CR 
values but not always.
RESRAD (UK) results 
show high activity 
despite choosing similar 
Cr values. 
What explains the 
variability in the Ra-226 
activity in fish whole 
body activity? 
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Benthic foraging fish: Po-210Benthic foraging fish: Po-210

Variability in Po-210 
activity is mainly 
related to the choice 
of the CR values.
Is Cr value really a 
good predictor of 
Po-210?
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Benthic foraging fish: Th-230Benthic foraging fish: Th-230

Variability in Th-230 
activity is mainly 
related to the choice 
of CR values.
RESRAD (UK) 
results suggest that 
CR value was not 
the only variable 
impacting the 
predictions. 
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Benthic foraging fish: Pb-210Benthic foraging fish: Pb-210

Variability in Pb-210 
activity is mainly related 
to the choice of the CR 
values but not always.
Need to understand why 
some modellers obtain 
different results and why 
the relationship of Cr to 
activity in fish is not 
simply linear. 
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Path ForwardPath Forward

Workshop members first need to clarify 
if their activity predictions for fish 
wholebody differed in some way from 
other modellers.
If yes, there the explanation and 
implications need to be understood.
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Model validation using fish dataModel validation using fish data

Whole body Ra-226 in lake whitefish 
was calculated using activity in bone 
and flesh:

Best data are from Lake Athabasca 
where fish were collected along with 
water and sediment (CanNorth 2006)

[ ] [ ] [ ] %85%15 226226226 ⋅+⋅= FleshboneFishwhole RaRaRa
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Validation of models: Ra-226Validation of models: Ra-226

Dixon Bay, Back Bay, Langley 
Bay, St Marys Channel, Keddy 
Bay, Dubyna and Verna Lake 
Very variable predictions from 
one modeller to the other for 
each measured concentrations 
at each study site considered. 
KBiota and RESRAD gave 
conservative estimates
The variability in CR used may 
be the cause of variability in 
radionuclide activity in the 
predictions.
Better predictions may be 
obtained by considering 
speciation or differences in 
organism physiology in different 
environments. 
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Measured {Po-210}fish (Bq/Kg)
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Validation of models: Po-210Validation of models: Po-210

Dixon Bay, Back Bay, 
Langley Bay, St Marys 
Channel, Keddy Bay and 
Dubyna Lake
Adequate prediction of 
activity although there is a 
tendency to underpredict at 
high measured activity
The variability in CR used 
may be the cause of 
variability in radionuclide 
activity in the predictions.
Better predictions may be 
obtained by considering 
speciation or differences in 
organism physiology in 
different environments. 

RESRAD
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Validation of models: Pb-210Validation of models: Pb-210

Dixon Bay, Back Bay, 
Langley Bay, St Marys 
Channel, Keddy Bay and 
Dubyna Lake and Verna 
Lake
Conservative predictions 
which can be explained by 
the consistently high CR 
used by modellers. 
Some modellers made 
adequate predictions (e.g. 
UK-RESRAD in Dixon Bay). 
Better activity predictions 
may be obtained by 
considering speciation or 
differences in organism 
physiology in different 
environments.  
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Validation of models: Th-230Validation of models: Th-230

Dixon Bay, Back Bay, Langley Bay, 
St Marys Channel,  and Dubyna 
Lake
Predictions of Th-230 in fish appear 
adequate. 
At low concentrations, issues with 
Th-230 detection limit added 
uncertainty to the predictions. 
Korea and UK RESRAD obtain very 
conservative predictions. Can it be 
explained by the CR?  
Better Th-230 activity predictions 
may be obtained by considering Th-
230 speciation or differences in 
organism physiology in different 
environments.
More diverse data on this and 
subsequent graphs, many pike 
included Measured {Th-230}fish (Bq/Kg)
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Validation of models: U-238Validation of models: U-238

Dixon Bay, Back Bay, Langley Bay, 
St Marys Channel, Keddy Bay, 
Dubyna Lake and Verna Lake
Predictions of U-238 in fish are quite 
variable but on the conservative side 
at high concentrations. At Langley 
Bay, most modellers underpredicted 
uranium activity. 
RESRAD produces very 
conservative predictions. Can it be 
explained by the choice of CR?  
Better activity predictions may be 
obtained by considering speciation 
or differences in organism 
physiology (e.g. uptake rates and 
efflux rates) in different 
environments. 
Northern Pike and lake whitefish 
may have different mechanisms to 
take up and store uranium?
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Path forwardPath forward

Why so much variability in predictions of 
the activities of Pb-210 and U-238?
Wholebody fish activities were not 
always measured in the same fish 
species: benthic fish vs. predatory fish. 
Do their accumulation patterns differ?
Next step is to calculate dose to fish?
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Path forward: Dose calculation Path forward: Dose calculation 

The objective is to understand differences in 
model outputs from Exercise I  
Proposed factors to consider:

Dose to whole animal vs to critical organ/tissue
Transfer factors
Dose conversion factors
Occupancy factors
Radon retention in tissue
Secular equilibrium for missing radionuclides

Do other factors need to be considered?
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2003 Radiological assessments2003 Radiological assessments

SENES (2003) and CNSC both did some calculations
What would be the dose using today’s approaches? 

Lake Radiation Dose (Gy·y-1) Risk Quotient

Fookes Lake 146 73

Marie Lake Station 1 118 59

Marie Lake Station 2 136 68

Greer Lake 12 6

Ace Bay 6.6 3.3

Fulton Bay 2 1

Keddy Bay 0.5 0.26

Verna Lake 12 6

Benthos using PSL2 methods & sediment concentrations
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Ex. II Proposed model output dose
to benthos from water? and sediments
Ex. II Proposed model output dose
to benthos from water? and sediments

Dose from Sediment 
(uGy/hr)

Dose from Water 
(uGy/hr)

Total dose

internal external internal external
U-238

Th-234

U-234

Th-230

Ra-226

Rn-222

Pb-210

Bi-210

Po-210

Total dose
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Ex. II: Proposed model output dose 
to fish from water and sediments
Ex. II: Proposed model output dose 
to fish from water and sediments

Dose from Sediment 
(uGy/hr)

Dose from Water 
(uGy/hr)

Total dose

internal external internal external
U-238

Th-234

U-234

Th-230

Ra-226

Rn-222

Pb-210

Bi-210

Po-210

Total dose
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Ex. II: Proposed model outputs 
Characterization of hazard
Ex. II: Proposed model outputs 
Characterization of hazard

Organism Total dose 
(uGy/hr)

Effect 
benchmark 
(uGy/hr)

Hazard 
quotient

Possibility of 
harm
+= yes
-=no 
?= uncertain

Piscivorous 
fish

Bottom-
feeding fish

Chironomid

Bivalve
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ConclusionConclusion

Measured Pb-210, Ra-226, Th-230 and 
Po-210 in fish whole body indicate that 
model predictions are “adequate”, but 
this cannot be said for U-238.
When model predictions are poor, it is 
likely because the chosen CR is not 
appropriate for site-specific speciation of 
radionuclides, or for the physiology of 
the organisms studied. 
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Next stepsNext steps

Each modeller to clearly indicate how activity 
concentrations were calculated
Then, confirm that concentration ratios used 
and activities predicted are correct.
Is it worth pursuing the validation exercise 
with other uranium mine sites? Is this useful?
Then, modellers are invited to calculate dose 
rates to benthic fish and invertebrates.



• nuclearsafety.gc.ca• nuclearsafety.gc.ca

Thank you !
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Pisidium sp. (Clam) U-238 ResultsPisidium sp. (Clam) U-238 Results

Greer LakeFulton Lake
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Pisidium sp. (Clam) Po-210 ResultsPisidium sp. (Clam) Po-210 Results

Greer LakeFulton Lake
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Pisidium sp. (Clam) Ra-226 ResultsPisidium sp. (Clam) Ra-226 Results

Greer LakeFulton Lake
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Pisidium sp.: Path forwardPisidium sp.: Path forward

Although modelling 
predictions are in 
general in 
agreement, there 
needs to be 
validation with 
measured 
tissue/shell data


