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How well do ERICA e
extrapolation approaches work?
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»STAR Concentration ratios are generic (e.g. Cs)

_ Activity concentration in organism (or meat)(Bq kg~ FM)

Activity concentration in diet(Bq kg=* DM)
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~STAR Concentration ratios are generic (e.g. Cs)
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STAR _ 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 = aMP

where a and b are constants

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



STAR _ Allometry in Radioecology

b most often = ‘quartile values’:

 mammals & birds metabolic rates scale as M%7
(Kleiber’s Law 1932)

»MO-7> is often referred to as metabolic live-weight
* life-span scales as M%-2>
 food, water and inhalation rates scale as M° 7>

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



STAR _ Allometry in Radioecology

b most often = ‘quartile values’:

 mammals & birds metabolic rates scale as M%7
(Kleiber’s Law 1932)

»MO-7> is often referred to as metabolic live-weight
* life-span scales as M%-2>
 food, water and inhalation rates scale as M?-7°

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

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



STAR _ Allometry in Radioecology
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STAR  Allometry in Radioecology

b most often = ‘quartile values’:

‘metabolic rates scale as M%7/ (Kleiber’s Law 1932)
*MO-75 js often referred to as metabolic live-weight

*life-span scales as M9%2°

food, water and inhalation rates scale as M°-7°

All potential useful for radioecological models, but:

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



>TAR Allometry In Radioecology

 For (some) radionuclides the biological half-life
(often c. M%2°) scales allometrically

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



5STAR Allometry in Radioecology

 For (some) radionuclides the biological half-life
(often c. M%2°) scales allometrically

B RESRAD-BIOTA

Op'uon to model EEI ————
terrestrial/riparian 5

birds/mammals in "~ e f
RESRAD-BIOTA ; e mET———

Model performed
comparable to CR
model in inter-
comparisons www.star-radioecology.org

www.radioecology-exchange.org
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STAR  Allometry in Radioecology

* Ty, Scaling to M%2> (for mammals & birds) makes

Sense.
T

_ Min2
Bl/2 gaBr

Kleiber’s law (B, = aM® "), so:

~In2

T —=M0.25
BL/2 e

B, = metabolic rate (kg d?); &, is a proportionality constant between the
rate of biological loss of a radionuclide from the organism and the
metabolic rate of the organism

a

www.star-radioecology.org
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STAR  Estimating ‘ay’ s

If Tg,», Scales to M%2° then just need an estimate of
ag (Tgyp=agMY2°) (after Sheppard 2001)

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



>TAR  Estimating ‘a;’ i

If Tg,», Scales to M%2° then just need an estimate of
ag (Tgyp=agMY2°) (after Sheppard 2001)

GREAT!

But how do you estimate a,?

www.star-radioecology.org
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>TAR - The answeris: .. s e

easy
...... after four pages of algebra



#STAR  The answer is: WIMAAA44

_In2
a‘I 1:1

CR

aB org—diet

f, = gastrointestinal absorption coefficient
a, = constant on allometric relationship describing dry matter intake

CRyrg-giet @nd f; generally available & a, values are
documented for different animal types (e.g. Nagy
2001)



#STAR . The answer is: WIMAAA44

_In2
aI 1:1

CR

aB org—diet

_ 0.25
and Toy, =M

f, = gastrointestinal absorption coefficient
a, = constant on allometric relationship describing dry matter intake

CRorq-diet 2nd T, generally available & a, values are
documented for different animal types (e.g. Nagy
2001)



#STAR . The answer is: i o

~_In2
(a, f, C@

and TBl/2 :@M 0.25

__In2 0.25
SO TB]./Z — a| fl CRorg—dietI\/I

f, = gastrointestinal absorption coefficient
a, = constant on allometric relationship describing dry matter intake

CRorq-diet 2nd T, generally available & a, values are
documented for different animal types (e.g. Nagy
2001)



STAR |5 it any good? il

* AEA MODARIA WG produced a database of c.
1900 Tg,/, 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, |, Na, Nb, Ru, Se, Sr & Zn

Radionuclide biological half-life values for terrestrial and aquatic wildlife

Submitted J. Environ. Radioact.

N.A. Beresford'* . K. Beaugelin-Seillerj, J. Bm‘gos4, M. Cujicﬁ, S. Fesenkoﬁ, A. Kryshev?_., N.
Pachalg, A. Realg, B.S. Sug, K. Tagamim, J. Vives1 Batlle“, S. Vives—Lynchl‘, C. Wellsl,
M.D. Wood®
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#sTAR  Measured v’s predicted T/,
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B ut HE B EEEEE EUROPEAN RADIOECOLOGY ALLIANCE

*In USDoOE five elements have Tg,,, relationships
which do not scale to c. 0.25 butto c. 0.8

» Am, Ce, Eu, Pu& Th
» Why?
» None have biological role??

www.star-radioecology.org
www.radioecology-exchange.org
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Alternative to CR
approach for wildlife
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#STAR CRwo-media approach NWW\AW

* Simple
 Widely adopted

Activity concentration in biota whole body (Bg kg™ fresh weight)

CR =
Activity concentration media ((filtered water (Bq ™) or soil (Bq kg™ dry weight))
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Sr CRs IAEA TRS479 Max:Min

10000.0

* Highly variable 10000
* No data for many
wildlife-radionuclide I

o

.0
combinations &L & & g & F &
& & ©) & S
v.@ vﬁ’\' @

Table A.4. Bee (Apidea): concentration ratio values (units of Bg/kg fresh weight per Bg/kg dry weight).

No empirical data.

Table A.5. Frog (Ranidae): concentration ratio values (units of Bg/kg fresh weight per Bg/kg dry weight).

Element Arithmetic Arithmetic Geometric Geometric n Ref ID
mean standard mean standard
deviation deviation
Am 1.0E—01 26E-02 1.0E-01 1.3E+00 7 486
Cd 1.5E-02 TOE-03 1.3E-02 1.7E+00 5 213
Cs 5.5E-01 0.0E-01 2. 8E-01 3.2E+00 105 188, 205, 256,
486
Pb 3.1E-03 2.2E-03 2.6E-03 1.9E+00 6 213

Sr LLSE+00 1L4E+00 1LL1E+00 2.2E+00 14 188, 486 ICRP Pu b'114




sstarR IS there an alternative?




staR  |S there an alternative?

Radiat Environ Biophys (2010) 49:613-623
DOI 10.1007/s00411-010-0320-2

ORIGINAL PAPER

Phylogeny can be used to make useful predictions
of soil-to-plant transfer factors for radionuclides

Neil J. Willey

=
=
—
S
= —e— Chlorine
S
= 014 s e i
g »--- Ruthenium
g —&— Strontium
Q
Qo ---4--- Caesium
=
.g —>— Cobalt
K=)
o
é& 0.01

0.001

1 2 3 4
Phylogentic group



ASTAR An alternative to the CR

Radiat Environ Biophys (2010) 49:613-623
DOI 10.1007/s00411-010-0320-2

wo-media

ORIGINAL PAPER

Phylogeny can be used to make useful predictions
of soil-to-plant transfer factors for radionuclides

Neil J. Willey

« Can we use this approach for other organisms
 STAR - example freshwater fish and Cs

Journal of Environmental Radioactivity 126 (2013) 299-313

Contents lists available at SciVerse ScienceDirect

o . .. [ R |
; Journal of Environmental Radioactivity TECHNICAL REPORTS SERIES NO. | (
L
ELSEVIER journal homepage: www.elsevier.com/locate/jenvrad
Handbook of
Establishing a database of radionuclide transfer parameters for @Cmmk Parameter Values
freshwater wildlife for the Prediction of
T. Yankovich®*, N.A. Beresford ", S. Fesenko®, J. Fesenko d, M. Phaneuf®, E. Dagher r‘ Radionuclide Transfer
1. Outola®, P. Andersson ", K. Thiessen', ]. Ryan!, M.D. Wood ¥, A. Bollhéfer', to Wildlife
C.L. Barnett®, D. Copplestone ™

www.star-radioecology.org
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STAR  An alternative to the CR

wo-media

» Adapted approach used by Willey for plants
»Residual Maximum Likelihood (REML)

»Generates an adjusted mean (or relative value)
taking into account inter-site variability

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



STAR _ An alternative to the CR,,.nedia

» Adapted approach used by Willey for plants
»Residual Maximum Likelihood (REML)
»Generates an adjusted mean (or relative value)
taking into account inter-site variability

* |nitial 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

www.star-radioecology.org
www.radioecology-exchange.org
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#sTAaR  Output

Generates adjusted mean (or
relative value) — taking into
account Inter-site variabllity

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



S
#s1AR  Qutput (by order)  MlInAAge

c
o}
o
£
o
o
o
(]
=
=
i)
<

)
(&0
0
o
Qe‘

5 o o 5 o o o o
@ \{\o&\e ‘{‘0(((\0 ‘{&06(\6 \@6‘0 ‘{&0&\0 ‘{\0(((\6 ‘go‘(oe

A 2 { \ O A A
ROMIC I A

D

Ignore the number ...... it’s all relative
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sstaR 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

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



PSTAR Does it work?

STUK had made data ., -

Search
Home OurScience  Information Exchange  News  View  Edt

available from lakes

Information Exchange = Data from the STAR NoE

Our Data
STAR is committed to making il of the Gata we generate during the course of the

n [
SHBRIO o science activiies of the NOE available.
EURATOM Project Outputs
Other datasets heid by STAR partners have been made availabie and information
Links 10 other websites
on these can be found from the links beiow

Interactive Links
View data by topic

» Chernobyl
» Freshwaters
» Foodstuffs and crops Chemoby! reactor number 4

Beresford, NERC-CEH)

wember 2013. photo Nick
» Eukushima
» Eungl

» Marine

Not used within REML =
analyses

X Caesum-137 in freshmater . % | 4

€ & cehacuk -8

Used data from 1988 to 5STAR

Search
Home OurScience  Information Exchange  News  View  Edt

STAR Radioecology  Our Data

n — -
te St Cs-137 in freshwater fish in Finland after the Chernobyl accident
Information Exchange
n

Our Data

fish in Fin

STAR Publications
Abstract More than 9200 freshwater fish samples from 500 different lakes in Finiand have been analysed for '*'Cs after the

EURATOM Project Outputs
Links 10 other websites
Interactve Links
[] Chemobyl accident by STUK (Radiation and Nuclear Safety Authorty, Finiand). For each sampling site the foliowing
parameters have been recorded: the amount of '*'Cs deposition in the area, size of the take. fish type. The most common
fish species sampled Include perch. pike and vendace. In 1987 135 concentrations In freshwater fish were highest ranging
from 20 1o 33 000 Bq kg™ fresh weight. Currently (2007-2010) ''Cs concentrations in fish varies from 2 0 4000 Ba kg

Prior 10 the Chemobyl accident ''Cs concentration in fish varied from 2 to 64 Bq kg™ resh weight

STAR partner STUK

Typeofdata  Monitoring and Research

Sample 1000
number
Quality Data have been collected as a part of STUK's environmental monioring program since 1986, Since 1999, radioactiity

hitps//wik.ceh ac.ukdisplay s

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

+Finlands sftersthe-C

wiann .~ been carmied out using an accredited method with regular quasty control through intercomparisons,



STAR  Approach MM A e

OOOOOOOOOOOOOOOOOOOOOOOOOOO

 Perca fluviatilis present at all 27 sites
* Assumed to be the ‘known’ species

« Concentrations in all other species estimated as:

REML value species X
REML value perch

Cs137 activity conc.in perch X

www.star-radioecology.org
www.radioecology-exchange.org
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>STAR Result WWMNANA e

A Abramis brama Esox lucius x Rutilus rutilus
Salmo trutta B Sander lucioperca O Coregonus albula
A Coregonus lavaretus ¢ Other Cyprinidae

R2=0.83; slope=0.98+0.04
10000 : P . /
=]
9
(9
2
o
Q.
~ 1000
3
L
2
~
(=2
2]
N 100
L |
)
O
10 . . :
10 100 1000 10000

Cs-137 Bq/kg (FW) measured



STAR  Result MWW A& e

UROPEAN RADIOECOLOGY ALLIANCE

A Abramis brama Esox lucius x Rutilus rutilus
Salmo trutta B Sander lucioperca O Coregonus albula
A Coregonus lavaretus ¢ Other Cyprinidae

R2=0.83; slope=0.98+0.04

10000

1000 o AX

100

Cs-137 Bq/kg (FW) predicted
[ >5%
qQ
>
\5
>
X
[ |

If use IAEA CR values to predict

activity concentrations slope = 0.31

10
10 100 1000 10000
Cs-137 Bq/kg (FW) measured



2staR Stable Cs English lakes

2 —

1.0E-01 - R°=0.6
s
w 8.0E-02 -
(=)
L~
°
£ 4
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'-g Ven=<:|ace (Lake 2.)
whd
c
Y 4.0E-02 -
c
8 ake 1)
8 ; Ruffe (Lake 2)
3 2.0E-02 - o Northern pike (Lake 3)
.ba Brown Tro ake 3)
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a

0-0E+OO | | | | T T T

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

Measured Cs concentration (mg/kg FW)
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»stAR  Disclaimer

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

 Reference assumed = site
* Maybe some data to remove

TI\I_E-

Transfer - Exposure - Effects: integrat underpin radioactivity assessments for humans and wildlife

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

Genus

Species




‘Cladistic’ system

e.g. Angiosperm

e.g. Eudicot

Species

o




Cs by genus

Example output

REML adjusted mean

STAR

U

p

Top 25

1.00E+01

-

Bottom 25

1.00E+00

1.00E-01

1.00E-02

-03

1.00E

-04

1.00E

sa|ejjAydoAie)
piig
S9|eJ21SY
sajepuides
s9lesoy
S9|eJa1sy
S9|eJa1sy
ssedn
sa|eMAN
S9|eJ21SY
piid
S9|eJa1sy
s9|eol]
piig
S9|eJ21SY
sseln
s9jeuenuan
S9leJise|a)
S9EUA
sselo
sa|ejjAydoAie)
sseun
S9|eJ21SY
sajelydidie|n
s9|esoy
S9|eJa1sy
uaydr]
SSOIAl
sseun
1uspoy
SSOIAl
SSOIAl
a|nday
18un4
aeaoedly
plue)
uayaI
18un4
aeadedl]
J93pulay
SSOIAl
SSOIAl
SSOIAl
SSOIAl
SSOIAl
SSOIAl
SSOIAl
18uny
SSOIAl
SSOIAl

202 Genus



55TeR Sr at Family level: ICRP RAPs

0.9
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#STAR  Predictions v measurements
CEMET

DOT 101007 /50041 1-013-0493-6

ORIGINAL PAPER COwordination and iMplamentation

of a pan Eurapean InstrumenT for Radioecology

Transfer parameters for ICRP reference animals and plants
collected from a forest ecosystem

C. L. Barnett - N. A, Beresford - L. A. Walker -
M. Baxter - C. Wells - D. Copplestone

Pine trees
“~ Sampling points

. :
Grass sampling

/

Googleearth
C

icoTel 118k
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»sTAR  Chernobyl: TREE-COMET site

Predicted:Measured mSr-90 mCs-137

10

Cs known = Myodes (genus level)
Sr known = Cricetidae (family level)
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#5TAR UK Barnett et al. site Cs

Predicted:Measured
100

Known = Muridae (family level)
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Jondi Vives i Batlle, Belgian Nudear Research Cantre, SCK«CEN, Mol, Belgium, E-mail: ]
N.A, Beresford, NERC Centre for Ecology & Hydrology, CEH Lancaster, UK, E-mail: n

ELRATOM

Intreduction

rate and bioaccumulation of radionudides in biota are reprasentad
hialf-ife of dimination (Tyg) and the concentration ratic (CR). This study presents an
parameters for radionuclides in marine bicta basad on allometnic sealing.

by twas simple parameters: the
interpelation methed ko calolate these

Objective
Investigate the hypotesls Nad, far manne Dok, & woukd be Gos 10 Me S0pe of <% Taquenty found In 3lmein: raiatensnips n
bloingy. and that 5 would depend on the IndiWidual properties of compounds formed by radionuciises In the marine environmant.

Materials and methods

Pawer relationships of the bype ¥ = a »x M® were fitted b0 & CR and Ty database for Te, I, Cs, Pu and Am in fish, crustaceans,
molluscs, plants and plankion reported in Vives | Batlle & &0 (2007). To this was added data for 29 additional dements. To
discriminate potentially significant relationships, we used the criteria /@ > (L7, p-value of 2-taied Student T-test < 005 and N = 2.

Results

For CR, the meaan vakie of b for statistically valid relationships was -0.J6 =+ 0.09. For those rackanuiclides we alsa found a sighificant
linear relationship between log,la) and log){F.) (Figure 1}, showing particle-reactive (or sediment sesking) radionudides to have the
highest log,.(a) values, These relationships present an opportunity to estimate CR when data are lacking, from M and K. The mean
value of b for the 4 elements with valid T, reiaticnships (RF value = 0.7) was 0.15 = 003,

) =TT T o TR T
B G Bu e | dm dn s Beis e TR Gm e B B e

R N O T

B [Es aiF G Gah |49 A e ad ET T T e e

® [em asr ew en e ew S AR am

B [em ase en s |as s e ase asm

R ™ ..lq g, 408
REOAT, = D

An anomaly for the allcmetric relaionships for manne organisms wih respect o ihoss far temeEkial organisms & $hat the acinides
and lantanides scale WEN an exponent similar ta ofher elements for manne arganisme, unilke ME case for temestral hiota.

Conclusions

The obssrved scaling of the CR to M93% & 0% s compatible with metabolic theory s:uqulnt: 1%, given that the CR is an activity
conoeniralion relative o mas and to adivity in the medium. The observed scaling of Ty to M * 222 g glightly culside theory
predictions that turnaver rabes scale with M=% memuwmﬁmm"ﬁwhmmj_mm
Far which the CR scales allametrically are mostly larthanides and actinides, Assaciaticn of & with the A & strangest for partide-
seeking ebements, most Tkely binding & biclogical | organic matter [e.q. food). As food ingestion relates bo metabolism, and hence,
Lo body mass via Klaber's law, the resubant CRL will scale allometrically {Beresford et al., 2015).
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