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Making the most of what we have: 

application of extrapolation 

approaches in radiological 

transfer models

...... because we will never have everything we want

Why?



•How well do ERICA 

extrapolation approaches work?

•Bayesian statistics

•Stoichiometry

•Transfer coefficient v’s

concentration ratio

•Allometry

•An alternative approach to CR 

for wildlife
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Concentration ratios are generic (e.g. Cs)

0.23±0.17 0.64±1.0 0.10±0.10 0.70
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Allometry in Radioecology

•Size affects rates of all biological processes from 

cellular metabolism to population dynamics

•The dependence of a biological variable Y on a body 

mass M is typically characterised by an allometric 

scaling law of the form:

Y = aMb

where a and b are constants
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Allometry in Radioecology

b most often = ‘quartile values’:

• mammals & birds metabolic rates scale as M0.75 

(Kleiber’s Law 1932)

M0.75 is often referred to as metabolic live-weight

• life-span scales as M0.25

• food, water and inhalation rates scale as M0.75
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Allometry in Radioecology

b most often = ‘quartile values’:

• mammals & birds metabolic rates scale as M0.75 

(Kleiber’s Law 1932)

M0.75 is often referred to as metabolic live-weight

• life-span scales as M0.25

• food, water and inhalation rates scale as M0.75

Much debate re if b is quartiles or tertiles (thirds)

BUT:
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Allometry in Radioecology
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Allometry in Radioecology

b most often = ‘quartile values’:

•metabolic rates scale as M0.75 (Kleiber’s Law 1932)

•M0.75 is often referred to as metabolic live-weight

•life-span scales as M0.25

•food, water and inhalation rates scale as M0.75

All potential useful for radioecological models, but:
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Allometry in Radioecology

• For (some) radionuclides the biological half-life 

(often c. M0.25) scales allometrically 
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Allometry in Radioecology

• For (some) radionuclides the biological half-life 

(often c. M0.25) scales allometrically 

Option to model  

terrestrial/riparian 

birds/mammals in 

RESRAD-BIOTA

Model performed 

comparable to CR 

model in inter-

comparisons
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Allometry in Radioecology

• TB1/2 scaling to M0.25 (for mammals & birds) makes 

sense:

•Kleiber’s law (Br = aM0.75), so:

Br = metabolic rate (kg d-1); a is a proportionality constant between the 

rate of biological loss of a radionuclide from the organism and the 

metabolic rate of the organism
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Estimating ‘aB’

If TB1/2 scales to M0.25 then just need an estimate of 

aB (TB1/2=aBM0.25) (after Sheppard 2001)
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Estimating ‘aB’

If TB1/2 scales to M0.25 then just need an estimate of 

aB (TB1/2=aBM0.25) (after Sheppard 2001)

GREAT!

But how do you estimate aB?



The answer is:

easy

…… after four pages of algebra



The answer is:

1

ln 2
B org diet

I

a CR
a f



CRorg-diet and f1 generally available & aI values are 

documented for different animal types (e.g. Nagy 

2001)

f1 = gastrointestinal absorption coefficient

aI = constant on allometric relationship describing dry matter intake
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Is it any good?

• IAEA MODARIA WG produced a database of c. 

1900 TB1/2 values 

STAR partners led development for each ecosystem

•123 values for mammals and birds used as  

blind test 

Body mass 8 g to 70 kg

Ag, Co, Cs, I, Na, Nb, Ru, Se, Sr & Zn

Submitted J. Environ. Radioact.
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Measured v’s predicted TB1/2

1.E-02

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+00 1.E+01 1.E+02 1.E+03

Using aI most appropriate 

to each animal type



www.star-radioecology.org 
www.radioecology-exchange.org

But …….

• In USDoE five elements have TB1/2 relationships 

which do not scale to c. 0.25 but to c. 0.8

 Am, Ce, Eu, Pu & Th

Why?

None have biological role??

•Reptiles (Br = aM0.80-0.92)
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Alternative to CR 

approach for wildlife



CRwo-media approach

• Simple

• Widely adopted
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But ……

• Highly variable

• No data  for many 
wildlife-radionuclide 
combinations
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Is there an alternative?



Is there an alternative?
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An alternative to  the CRwo-media

• Can we use this approach for other organisms

• STAR - example freshwater fish and Cs
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• Adapted approach used by Willey for plants

Residual Maximum Likelihood (REML)

Generates an adjusted mean (or relative value) 

taking into account inter-site variability

An alternative to  the CRwo-media
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• Adapted approach used by Willey for plants

Residual Maximum Likelihood (REML)

Generates an adjusted mean (or relative value) 

taking into account inter-site variability

• Initial data source Yankovich et al (2013)

REML requires site/study contains more than one 

species (one of which must occur at another site)

Supplemented with additional data (can mix CR 

and activity concentration data)

597 data entries including 10 orders, 14 families, 

33 genera & 53 species

An alternative to  the CRwo-media
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Generates adjusted mean (or 

relative value) – taking into 

account inter-site variability

Output
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Output (by order)
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A hypothesis!

The REML model outputs can be used to 
predict the radionuclide (Cs) activity 

concentrations in unknown species from 
the results of a species which has been 

sampled at a specific site
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Does it work? 

STUK had made data 

available from lakes 

monitoring programme 

through STAR

Not used within REML 

analyses

Used data from 1988 to 

test:

 27 lakes

 11 species
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Approach

• Perca fluviatilis present at all 27 sites 

• Assumed to be the ‘known’ species

• Concentrations in all other species estimated as:



Result
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R2=0.83; slope=0.98±0.04
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0.0E+00

2.0E-02

4.0E-02

6.0E-02

8.0E-02

1.0E-01

0.0E+00 2.0E-02 4.0E-02 6.0E-02 8.0E-02 1.0E-01 1.2E-01 1.4E-01

P
re

d
ic

te
d

 C
s
 c

o
n

c
e

n
tr

a
ti

o
n

 (
m

g
/
k

g
 F

W
)

Measured Cs concentration (mg/kg FW)

Roach (Lake 2)

Ruffe (Lake 2)

Northern pike (Lake 3)

Roach (Lake 1)

Vendace (Lake 2)

Ruffe (Lake 1)Roach (Lake 3)

Brown Trout (Lake 3)

www.star-radioecology.org 
www.radioecology-exchange.org

R2=0.6

Stable Cs English lakes



Terrestrial?



Disclaimer

We’ve tried it, but
all that follows is provisional!

• Reference assumed = site
• Maybe some data to remove

http://www.ceh.ac.uk/tree



Terrestrial



Terrestrial - plants

‘Cladistic’ system

e.g. Angiosperm

e.g. Eudicot



Example output: Cs by genus
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Sr at Family level: ICRP RAPs
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Predictions v measurements



Chernobyl: TREE-COMET site
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Cs known = Myodes (genus level)

Sr known = Cricetidae (family level)



UK Barnett et al. site Cs
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UK Barnett et al. site Cs
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Photos: http://www.ceh.ac.uk/tree
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