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A dose rate assessment for operational
nuclear facilities in Sweden 

• Protection principles
• How we calculate dose rate to NHB
• How we include all kinds of biota

• What is possible with the data we have?
• What is lacking?
• How can we fill these gaps?



What do we protect?
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Principles of protection
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• Ecosystem function

• Biodiversity

• Resilience



Principles of protection
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Individual Population



Principles of protection
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None
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How do we calculate dose rate?
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Dose rate assessment - ERICA tool
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Modelling approach
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FREDERICA – Effects database
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Are all biota protected?
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Different types of animals and plants

TREE PHYTOPLANKTON
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DEER RAT

LICHEN SEAWEED CRAB FISH

BEE

EARTHWORM



Whicker & Schultz, 1982
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RELATIVE RADIOSENSITIVITY

Radiosensitivity



Vast difference in size
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E. COLI : 9.5×10−16 KILOGRAMS BLUE WHALE : 1.4×105 KILOGRAMS



And shapes…
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Complex inside
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Location
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Life history
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Short-lived

Few offspring

Long-lived

Many offspring



Some organisms just aren’t as you
would expect…
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We need to simplify

20DOSE RATE TO NHB



Reference organisms
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Ecosystem

Marine Freshwater Terrestrial

Benthic fish Amphibian Amphibian

Bird Benthic fish Annelid

Crustacean Bird Arthropod - detritivorous

Macroalgae Crustacean Bird

Mammal Insect larvae Flying insects

Mollusc - bivalve Mammal Grasses & Herbs

Pelagic fish Mollusc - bivalve Lichen & Bryophytes

Phytoplankton Mollusc - gastropod Mammal - large

Polychaete worm Pelagic fish Mammal - small-burrowing

Reptile Phytoplankton Mollusc - gastropod

Sea anemones & True coral Reptile Reptile

Vascular plant Vascular plant Shrub

Zooplankton Zooplankton Tree



Simplified geometry
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Fish
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Ksi: Length to width ratio
Smaller value = thinner
0.625 is slightly elongated

Chi: Length to depth ratio
Smaller value = flatter
0.063 is very flat (like a plate)
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Simplified occupancy
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Simplified occupancy
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Whicker & Schultz, 1982
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RELATIVE RADIOSENSITIVITY

Simplification: radiosensitivity



What data do we have?
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Environmental sampling
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N

Activity concentration in:

- Biota

- Sediment / soil

- Water / seawater



Environmental sampling
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Organisms measured
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Ecosystem

Marine Freshwater Terrestrial

Benthic fish Amphibian Amphibian

Bird Benthic fish Annelid

Crustacean Bird Arthropod - detritivorous

Macroalgae Crustacean Bird

Mammal Insect larvae Flying insects

Mollusc - bivalve Mammal Grasses & Herbs

Pelagic fish Mollusc - bivalve Lichen & Bryophytes

Phytoplankton Mollusc - gastropod Mammal - large

Polychaete worm Pelagic fish Mammal - small-burrowing

Reptile Phytoplankton Mollusc - gastropod

Sea anemones & True coral Reptile Reptile

Vascular plant Vascular plant Shrub

Zooplankton Zooplankton Tree
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Environmental media measured
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Marine sediment

Seawater

Terrestrial
- No soil

Freshwater
- No water
- No sediment
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Dose assessment possible

32DOSE RATE TO NHB

Screening 
dose rate



Solution?
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Organisms measured
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Ecosystem

Marine Freshwater Terrestrial

Benthic fish Amphibian Amphibian

Bird Benthic fish Annelid

Crustacean Bird Arthropod - detritivorous

Macroalgae Crustacean Bird

Mammal Insect larvae Flying insects

Mollusc - bivalve Mammal Grasses & Herbs

Pelagic fish Mollusc - bivalve Lichen & Bryophytes

Phytoplankton Mollusc - gastropod Mammal - large

Polychaete worm Pelagic fish Mammal - small-burrowing

Reptile Phytoplankton Mollusc - gastropod

Sea anemones & True coral Reptile Reptile

Vascular plant Vascular plant Shrub

Zooplankton Zooplankton Tree



More sampling…
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Modelling approach
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The ERICA tool parameter database
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Seawater (Ringhals) Sediment (Ringhals) Bladderwrack (Ringhals)
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Seawater (Ringhals) Sediment (Ringhals) Bladderwrack (Ringhals)





Alternatives
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Transport modelling of radioactive
releases
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Predict activity concentrations in 
water, sediment and soil, based on 
the release term

These can be used to more
accurately determine ACs in all 
biota

e.g.
PREDO – PREdiction of DOses from 
normal releases of radionuclides to 
the environment



REstricted Maximum Likelihood (REML) 
approach (in development)
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Thank you
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