


Environmental Risk from Ionising Contaminants:
Assessment and Management — ERICA

e The ERICA Integrated Approach and the ERICA Tool
were outputs from an FP6 EURATOM funded project (2004-2007)

- Project partners:

SSI, SKB, SUC, Facilia, GSF, CIEMAT, IRSN, EDF, EA, WSC, UniLiv, CEH, UMB, STUK
& NRPA (now DSA)
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ERICA

« Approach for performing environmental assessments for radioactivity
that includes impact assessment, risk characterisation and environmental
management considerations*®

« The ERICA Tool guides the user through the assessment process, recording
information and decisions and allowing the necessary calculations to be
performed to estimate risks to selected animals and plants

*Larsson, C. M. (2008). An overview of the ERICA Integrated Approach to the assessment and management of environmental risks from ionising contaminants.
Journal of Environmental Radioactivity, 99, 1364—1370.
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Assessment components

» Modelling transfer through the environment

» Estimating doses to biota from internal and
external distributions of radionuclides

» Establishing the significance of the dose-rates
received by organisms
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Tiered approach

e Tier 1 using pre-calculated Environmental
Media Concentration Limits (EMCLs) to
estimate risk quotients

« Tier 2 calculates dose rates but allows the user
to examine and edit most of the parameters used
in the calculation, including additional
radionuclides and user-defined representative
species

 Tier 3 allows the option to run the assessment
probabilistically if the underlying parameter
probability distribution functions are defined




ERICA Consortium & working partnerships

e Since initial development, DSA* has led a group of partners to support
maintenance and development of the tool

- ARPANSA, CIEMAT, Environment Agency, IRSN, SSM
- UK CEH,University of Stirling & ... incl. personal contributions

« New contribution agreements and memoranda of understanding being
established to ensure continuing support

 Software development by Facilia**/AFRY
- Updates in: 2011, 2012, 2014 (Version 1.2), 2016 and 2019 (version 1.3)

*Justin Brown (DSA) & **Boris Alfonso (Facilia)
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ERICA Tool: previous versions

» Key developments (Version 1.2)

- New default radionuclides added (consistency with ICRP RAP approach)
- Updates to assessment parameters (CRs) and EMCLs

- Rationalisation of reference organisms (consistency with ICRP RAPs and addressing
organism gaps)

» Key developments (Version 1.3)
- Multiple series data functionality, including MS Excel import function

Temporal and spatial options

O Single point

O Spatial series of data (multi-site assessment in the same ecosystem)
O Temporal series of data (times series assessment for a single site)

@ Combination of spatial and temporal series
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Software system with tiered structure of the ERICA Integrated Approach for
assessing the radiological risk to terrestrial, freshwater and marine biota

What has changed?

e New dosimetry

« Updated CRs
ERICA v

ANSSESSMENT TOOL « Recalculated EMCLs

5 0 » Inclusion of noble gases, incl. Radon

» Add multiple-organisms function
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- Move down decay-chain

- Truncate when T, <10 days

New dosimetry — decay chains

- Assume secular equilibrium

- Combine DCCs of parents
+ progeny

e Original DCC calculations in ERICA were
well elaborated and adopted by the ICRP
(Publication 108) and tested in numerous

IAEA intercomparison programimes
(EMRAS etc.)

» Recognised that dealing with decay chains

could be improved
- Identified mismatch of DCCs with other models
(Vives 1 Batlle et al. 2007) u
- Not representative of some cases, e.g. transient e rides | ' Stable
equilibrium | Moo Gaces

Vives 1 Batlle, J. et al. (2007). Inter-comparison of absorbed dose rates for non-human biota.
Radiat Environ Biophys 46, 349-373.
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NeW dOSimetry II : | biotadcicrp.org
+ ICRP-136 methodology adopted

- Collaboration between Facilia/AFRY Ecosystem O aqutc. ® frestal
and ICRP BiOta'DC dEVelopeI‘ Type of terrestrial organism e fauna () flora
(Alexander UlanOVSkY) Exposure Pathway  internal v
. . . Mass of organism Mass [kg] 1.0 [10% ... 10]
e Integration time over which decay
. Shape of organism Shape 1: 1.0 s 1.0 [0..1]
and in-growth accounted for
_ ICRP _ th e iIlt e gr ati on tim e can b e Radionuclide Element v Mass number v
SeleCted tO be pertinent t() the SpeCifiC Effect of radioactive progeny Method  fime-integral activities ratio v Time[d] = 365.2425

assessment task
- ERICA - simplification where
integration period taken to be 1 year in

all c a S eS ICRP, 2017. Dose coefficients for nonhuman biota environmentally exposed to radiation.
ICRP Publication 136. Ann. ICRP 46(2).
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New dosimetry II1

» Some slight reconfiguration of DCCs required

- e.g. ‘on soil’ as opposed to external low-f3 and B-y
on soil

« In practice all radionuclide DCCs, including
for short-lived progeny, need to be included
explicitly

- requires inclusion of other parameters (CRs and
K;s for these short-lived radionuclides)

» Media average activity correction factor

- to account for decay for the ‘unsupported’
component over the integration period for short-
lived radionuclides
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Pareme ters
Press any letter to start searching. Use up/down arrow key for navigation and ESC to stop searching

D Terrestrial A

= [ bcc
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Dose Conversion Coefficient of external radiation in air
@ Dose Conversion Coefficient of external radiation in soil
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@ Dose Conversion Coefficient of immersion external radiation in air
@ Dose Conversion Coefficient of internal alpha radiation
@ Dose Conversion Coefficient of internal alpha radiation for Radon
@ Dose Conversion Coefficient of internal beta gamma radiation
- @ Dose Conversion Coefficient of internal low beta radiation %
=M nre
< lPnrcm nuclide Daughter nuclides considered to be mn equilibrium with parent nuclide
5t-90 ——————» 64 hrs
Ru-106 Rh-106
Cs-137 Ba-137mf——®» 2 5 min
Pb-210 Bi-210
a-226 At-218 Po-218 Bi-214 Pb-214 Rn-222 Po-214
Th-228 Po-216 T1-208 Bi-212 Pb-212 Rn-220 Po-212 Ra-224
Th-234 Pa-234m*
U235 Th-231
a Database
— (3 Parameter  py-241 U-237
= D Commor

@ Radionuclide Decay Constant {lambda)
@ Equilibrium correction factor

LM edia average activity cotrection factor
@ Weighting Factor of internal alpha

@ Weighting Factor of internal beta gamma
9 Weighting Factor of internal low beta

v
—-D Dosimetry

< >
Value(s) of selected parameter

Isotope Value PDF Comment Reference Author
-Default- 1.00E0 Media average activity correction factor
Ac-228 1.01E-3
Ag-110m
Am-241
Ar-41
At-218 1.37E-11
Ba-137m 6.65E-6




Biological transter — use of CRs

» A problem previously identified in applying
CRs, based on stable elements and long- lived
radionuclides, to radionuclides with short
physical half-lives

» Adjustment is required to account for lower steady
state activity concentrations in organisms occuring
due to radioactive decay

» Addressed through application of an equilibrium

correction factor
- Based on solution for freshwater organisms in IAEA
TRS-472, expanded to all ecosystems
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Pareme ters
Press any letter to start searching. Use up/down arrow key for navigation and ESC to stop searching

B Database
= (O Parameter
- D Common
° Radionuclide Decay Constant (lambda)

© Media average activity correction factor
@ Weighting Factor of internal alpha
@ Weighting Factor of internal beta gamma
© Weighting Factor of internal low beta

= [ Dosimetry

< >

Value(s) of selected parameter

A

lsotope Specimen Value PDF Comment Reference Author

-Default- -Default- 1.00€0
Ac-228 Animal 8A47E-3
Ag-110m  Animal 8.93E-1
Am-241 Animal 1.00€0

Ar-41 Animal 1.00€0

IAEA, 2010. Handbook of Parameter Values for the Prediction of RadionuclideTransfer
in Terrestrial and Freshwater Environments. IAEA Technical Report Series No. 472.

International Atomic Energy Agency, Vienna.
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CRs update

e Collaboration with UK CEH to extract data from the Wildlife transfer database

» Discussed in the next presentation (Nick Beresford)

{2 Wildlife Transfer Parameter Database - Windows Internet Explorer .- . .
. = Statistical data for organism of interest
G@ ® Ig] FEbp: (oo wildlifetransferdatabase.org/ panel asp | ‘8‘ eallad |7:“3:‘33:’: “P ) Surrogate Approach
File Edit View Favorites Tools Help Me an SD dataset
X Goglc' vI-_',’-i-More» N
¢ Favorites :eWildlife Transfer Parameter Database [7. ﬁ Z = ‘F;" v Page~ Safety v Tools » 0' = A A A Semi — ConjUQate (non_informative)
- - — A A NA™ Using data as it is (assume lognormal
International Atomic Energy Agency & Wildlife Transfer Parameter Database PDF)
International Union of Radioecologists
Using ratio of SD to mean for the
A NA A surrogate to derive the missing SD from
the data mean
Please select one of the
following activities:
Using mean and assume exponential
A NA NA g P
. PDF
Add new data.

“A —available; "NA - not available.
. View Summary results.

Il view e cota Step 1 — Consider small datasets

. Suggest improvements for the website by emailing the website developers.

. Download summary tables. Step 2 — Apply BayeSian rules
. Exit/log out.

Step 3 — Apply extrapolation approaches
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CR — data gap filling methodology

 Revised the data-gap filling methods

to distinguish between
- approaches that partly used empirical
data for the given organism in
combination with a surrogate (A) and
- those that used a surrogate only

 The highest transition metal CR
was often an appropriate method
for addressing data gaps
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Select ERICA default CR values
Method used to derive ERICA default CR value when no empirical data:

/ﬁ Bayesian approach or methods to derive a missing SD value®

\empirical datasets

[ 11 [ Similar reference organism

[ ]2 [0 From published review
[:] 3 [ Modelling approaches

E] 4 [J Element of similar biogeochemistry for reference organism

[ 15 O Element of similar bi istry for similar reference organism
/
. [ ]e& [@ Highest transition metal for reference organism

: [ 17 OO Estuarine data

|:] g8 [ Highest animal value
[:I 9 [@ Highest plant/algae value

D 10 @ Combined methods*
D Select/Unselect all check boxes

*Using a combination of the above approaches.




K, updating

 New freshwater data collated
by IAEA MODARIA working group

 Data presented as GMs and GSDs so

statistical changes required to derived AMs
and AMSDs

- Order of preference established for selection of

data for application in ERICA, e.g.:
- Field and Deposited sediment (DS)
- Adsorption and DS (the rationale being that adsorption
best represents a prospective planned release)
- Desorption and DS...

« Some flexibility / judgement necessary to
account for data coverage

i DSA

Journal of Eavironmental Radinactivity 192 (2018) 128-142

Contents lists available at ScienceDirect

Journal of Environmental Radioactivity

FI SFVIER journal homepage: www.elsevier.com/locata/jenvrad

Extended K, distributions for freshwater environment
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Patrick Boyer™, Claire Wells”, Brenda Howard”
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Derivation of EMCL

 Essentially this is the activity
concentration of a given radionuclide
in media (soil, sediment water) that
will result in a dose-rate to the most
exposed reference organism equal to
the screening dose-rate.

« Updated to reflect changes to dosimetry
and parameter values
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Where:

F is the dose rate that an organism will

receive for the case of a unit concentration in
environmental media (in uGy/h per Bq/L or kg
of medium). ‘exp’ = most exposed

D, is the screening dose-rate or PNEDR
(default = 10 uGy/h (ERICA D5); tool allows 40;
400 uGy/h (IAEA conclusions) or custom to be
selected)

‘F” depends upon reference organism type
(affects the DCC values, CRs and position within
habitat) and radionuclide (affects the DCC
values, CRs and Ks).




Quality Assurance of EMCLs

1.008 «08
1.008-0%
1. 00804
1.008+05%
1.008+02
1.002+01
1008 «00
Brd Mammat - g Mammal - lwgm =» Amph tan Mammml - begme =» Grassss & Groames & Herbs == Lichen &
Het bu Bryophytes
B 140 P-32 p-33 =-3% Th-231

M New m Vi3

Terrestrial Cases where New EMCLs > 10 x higher than V1.3 (Old) EMCLs.

b

b1

8

« For Ba-140, this is accounted for by order of
magnitude decrease in CR for bird

e For P-32, P-33, S-35 the EMCLSs now relate to soil not
air

« Th-231t,, ~ 1 day
Change in Th-231 value due to application of
equilibrium correction factor.

i DSA

1006000

10000

1000

100

Tree=>Amphbian Lichen & Bryophytes Lichen & Bryophytes

ir-192 Pb-210 Rz228

B New N Vi3

Terrestrial Cases where New EMCLs > 10 x lower than V1.3 (Old) EMCLs.

« Many of the new Iridium CRs show > a factor of 100

Increase.

« EMCL decrease for Pb-210 accounted for by the new

dosimetry which includes substantial internal alpha
component associated with Po-210 ingrowth over the
integration period (the old version set the internal alpha
component to 0). Similar situation for Ra-228.




Noble gases

» A suite of noble gases is now included as default (Tier 2 only):
- Ar-41,
- Kr-85, Kr-85m, Kr-87, Kr-88
- Xe-131m, Xe-133m, Xe-133, Xe-135, Xe-138
- Rn-220, Rn-222

 Concentration ratios (for all ecosystems) and distribution coefficients
(freshwater and marine only) are set to 0 by default in the underlying system of

equations.
- Assuming that noble gases neither interact with ambient media, such as sediment,
nor with biological material. Transfer to organisms can reasonably be assumed to be
negligible.
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Noble gases 11
» Immersion DCCs from ICRP-136

(BiOta_DC) haVe been used Ecosystem (O aquatic @ terrestrial
Type of terrestrial organism @ fauna O flora
o It is assumed that the organism Exposure  Pattway exemal v
iS 100 0/0 Of the tlme present in Mass of organism  Mass[kg] 1.0 [10° . 107
Contaminated air (irrespeCtive Of External exposure of terrestrial Source above-soil, subme¢ v Height[m] 1.0
whether the organism is above or e
Radionuclide Element  Ar v Mass number 41 v
below ground)
Effect of radioactive progeny Method time-integral activities ratio v Time [d] 365.2425
» Occupancy factors can be

ignored (simplifying the relevant
calculation)
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Radon and thoron

« For Radon and thoron (222Rn and 22°Rn), the contribution of these radionuclides
(and more importantly their progeny) to dose rates arising from inhalation and
deposition in the lung is taken into account - in consultation with Jordi Vives i
Batlle

Parameters for calculation and values of aggregated unweighted DCs for internal exposure
of animals due to progeny of radon isotopes ***?*’Rn,

or quantity (ICRP frog)” ?E.‘iié'f)i S",S;ET?C'R., (KD deer) g.‘é‘fﬁ») - This component of dose is treated as an ‘internal’
snake)* rat uck)® . .

e ——— o contribution to exposure and uses values based

gm)  d @2 B 1 3 on the methodology of Vives i Batlle et al. (2017).

¢(m) 0.025 0.035 0.05 0.6 0.08

B(m*h ') 21x10 7 0023 0.012 2.5 0.034 . . .

DCspe it concentation of 20 Gy 1B m) N - For Rn-222 and Rn-220 in decay chains, emanation

DCw 015 020 018 04 02 coefficients are applied to derive soil air

DC, 0.032 0.014 0.017 41x10° 0.012 o . o

DG 38x1071 17x107% 21x10°¢ 58x10°  15x10- concentration from parent radionuclide

e e T W 0 concentrations in soil (e.g. Ra-226 — Rn-222)

DCyy 24 3.0 2.8 7.0 3.2

DC; 0.49 0.21 0.26 0.062 0.18

DCws 50x10°% 26x107* 32x10? 89x10* 24x10°?

* DC for non-mammals are shown for illustrative purposes only.

Vives 1 Batlle, J., Ulanovsky, A., Copplestone, D. (2017). A method for assessing exposure of terrestrial wildlife to
environmental radon (??2Rn) and thoron (?2°Rn). Science of The Total Environment, 605—606, pp. 569-577.
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Add organism wizard

« New function to allow multiple new
representative organisms to be added at

one time

- Export/import function creates structured
MS Excel file for user-defined organisms to be
uploaded

- Assigning new organisms to specific wildlife
groups (e.g. Bird, Aquatic Plant) allows CRs
for short-lived progeny in decay series to be
automatically assigned

- Wizard Help file to guide users on data

entry

 Function also supports sharing of user-
defined organisms between assessors
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] Parameters r@ Radicnuclides” &2 QOrganisms

Qrganisms

&= Organisms

+ D Freshwater
+ D Marine
+ D Terrestrial

Selected organism data

MName
Ecosystemn
Wildlife group
Specimen
Mass (Kg)

Ksi

Chi
Height over ground (m)

Comment:

Add Organism

To create your own geometry for an organism, press the Add button located underneath the list of organisms tree box.

You can also import several organisms into ERICA database following these instructions:

Import organisms data

Open a help document that describes how to fill in terplate file with your organism data.

Open guidance N
Read before using the template.

Click to open a formatted Excel file in which you can fill in your erganism data.
You will first be prompted to select a convenient folder to save the Excel file (xIs);
review the file name and click on Save. ERICA will automatically cpen the template
after you have clicked on Save.

Open template

Import erganisms | Click to import the organisms data from a convenient formatted Excel file,




Next steps

« Ongoing development plans:
- Further analysis of ERICA End-users questionnaire responses to identify additional
end user needs/aspirations
- Further development of website to provide more user-interface and feedback on needs
and aspirations and to inform users of ongoing developments
- Ideas bank of prioritised areas for development maintained

- Update of summary effects table & help file for link to FREDERICA database
- Implementation of dynamic model functionality

e Training courses
- Full training courses for those new to ERICA
- Update/refresher courses to introduce the new features of the tool
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