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Review of ethics and principles, recommending that 
the System for Environmental Protection should
� focus on biota;
� consider adequate protection on the basis of 

understanding of effects;
� identify reference animals and plants (RAPs); and 
� let the RAPs guide the derivation of

� exposure scenarios (CFs and DCFs)
� effects data
� dose rates benchmarks 







(30) ….aim is…preventing and reducing the 
frequency of deleterious radiation effects to a 
level where they would have negligible impact 
on the maintenance of biological diversity, 
the conservation of species, or the health 
and status of natural habitats, communities
and ecosystems.

(366) .....Reference Animals and Plants.......
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There	is	ONE system	of	
radiological	protection



� Why do I say this?

� Does it work?

� What the similarities and differences in application for 
humans and the environment?
� Absence of humans from some environments
� Protection goals etc.

� Assessments…

� What remains to be done/challenges?



Planned, emergency, and existing exposure situations

Environmental radionuclide concentrations

Dose limits, constraints 
and reference levels

Decisions regarding protection of public health and the environment 
for the same exposure situation by way of representative individuals 

and representative organisms

Reference Male & Female, 
Representative Person

Derived Consideration 
Reference Levels

Reference Animals and 
Plants

[Publication 108]



WILDLIFE	GROUP RAP
Large	terrestrial	mammals Deer
Small	terrestrial	mammals Rat
Aquatic	birds Duck
Amphibians Frog
Freshwater	pelagic	fish Trout
Marine	fish Flatfish
Terrestrial	insects Bee
Marine	crustaceans Crab
Terrestrial	annelids Earthworm
Large	terrestrial	plants Pine	tree
Small	terrestrial	plants Wild	grass
Seaweeds Brown	seaweed



ICRP 108 reviews biological characteristics

� Occurrence
� Taxonomy
� Life cycle and life span
� Reproductive strategy
� Physiology
� Ecology
� .....other factors.....



� Pragmatic
� Covering different ecosystems
� Example animals/plants
� Considering application as species of conservation 

interest
� Where possible geographic spread
� Allowing for transboundary (e.g. birds)
� Different lifestages
� Amount of available information
� Potential for future studies
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1) SOURCE TERM: used 
maximum release as a mean
for calculations

2) EXPOSURE: assumed fish
were living at point of discharge

3) ABSORPTION: assumed all
fish were 30 cm in diameter
which maximized absorbed dose

4) IRRADIATION: behavior of
fish ignored, assumed they
spent 100% of time bottom
sediments where > 90% of
radionuclides are locatedCONTAMINATED

SEDIMENTS
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Human	assessment	(overview)

HABITS DATA

REFERENCE 
PERSON

RADIONUCLIDE 
SOURCE

IMPACT

TOTAL 
ABSORBED DOSE

PATHWAY OF 
EXPOSURE

Application of a 
weighting factors for 

RBE & different tissues

Compare predicted dose to 
known biological effects & dose 

limits



Non-human	species	assessment	
(overview)

ECOLOGICAL 
PARAMETERS

REFERENCE 
ORGANISM

RADIONUCLIDE 
SOURCE

IMPACT

TOTAL 
ABSORBED DOSE

PATHWAY OF 
EXPOSURE

Application of a 
weighting factor for 

RBE

Compare predicted dose to 
known biological or ecological 

effects & guideline values





� Site specific models
� Used for human dose assessments
� Take into account local features
� Etc.

� But seen wildlife dose assessments that, because a 
different tool used, and tick box approach…..





� Different source terms being used for wildlife and 
humans…..

� Leads to discrepancies between human and wildlife dose 
assessments

� Leads to communication issues
� Etc.



Pathways of exposure
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Concentration Ratios for 39 elements and 12 RAPs
� with associated statistics;
� based on existing field and laboratory data;
� using new methodology to derive data (‘surrogate data’) where 

such are missing;
� taking in to account life cycle stages and habitats, when 

possible; and
� discussing the robustness of the data



≠



� Not integrated
� Underpinning databases 

are different
� Noting that in many cases 

(as ICRP) it is generally 
about protection of 
biodiversity although IAEA 
consider the importance of 
environmental resources

� Things to consider
� Livestock are not generally 

considered within 
environmental protection 
assessments (are they 
protected by the human 
assessments?)

� Potential issues
� Non equilibrium situations



Trunk and branch 

DCCs for simple geometries
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Higley et al. Ann ICRP 44 (2015) pp 313-330



� Level of complexity?

� Pragmatic and ease to use?

� Needed for whole body dosimetry as required for wildlife 
from regulatory perspective?

� Good for testing whether the simple ellipsoid is sufficient 
for our modelling for wildlife?

� And may help with interpreting field effects data
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� Based on expert judgement
� All documented in Publication 108

� UNSCEAR reports and FREDERICA as sources of 
information
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� Based on expert judgement
� All documented in Publication 108

� UNSCEAR reports and FREDERICA as sources of 
information

� Again focused on RAPs at Family level where possible

� Endpoints: mortality, morbidity, reduced reproductive 
success, chromosomal aberrations and mutations
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Application in planned exposure situations







Application in emergency exposure situations



Application in existing exposure situations



� New Task Group planned (under 
consideration within ICRP)

� Specific task to look at radiological v 
non-radiological impacts of 
remediation option using examples

� E.g. Little Forest Burial Ground, Australia
� All human exposure scenarios below 1 mSv
� Reference values not required to be set
� Wildlife considered with most being below relevant 

DCRL
� But… frog larvae and tree assessments highlighted 

potential to exceed the relevant DCRL
� Spatial and temporal extent may need to be 

considered
� Long term management needs to consider wildlife….



� The nature of the exposure situation – normal, existing, or 
emergency; 

� the area or zone (km2) within which such dose rates were 
assessed to occur; 

� the time period predicted for such dose rates; 
� the principal reason for the assessment being made, such 

as the need to comply 
� with some form of existing legislation; 
� the type of managerial interest, such as fisheries 

management, agriculture, nature conservation, habitat 
protection, etc.;
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� The presence, or expected presence, of additional 
sources of chemicals, or other 

� forms of environmental stress, in the same area; 
� whether or not the assessment related to actual species, 

or simply to generalised animal or plant types; and 
� the degree of precaution considered necessary for 

various purposes. 

43



� Ecological offsetting (a common mitigation measure)

� Post accident – communication issues and the emphasis will 
always remain on human radiological protection 

� Existing exposure - the aim is to try to ensure that any 
remediation/optimisation has a positive effect on both wildlife 
and humans e.g.
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Reference	Animal:
A	numerical	approximation	of	
organisms	within	a	certain	
group	of	wildlife	(large	
herbivorous	mammal)

Representative	Organism:
A	typical	organism	
representative	of	its	

environment	(kangaroo).

[ARPANSA Safety Guide SG-1(draft 2015)]
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v’s

BBC website
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Moller & Mousseau 2013

(p < 0.0001; R2=0.31)

Dose meter measurement at ground level 
(2-3 measurements per transect?)

12 species
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Moller & Mousseau 2013

Red Forest?

Dose meter measurement at ground level 
(2-3 measurements per transect?)

(p < 0.0001; R2=0.31)









1986:
Pine forest 3 km from NPP
� 30-fold reduction soil dwelling mites (29 Gy)
� Larvae/nymphs of many species absent
Agricultural soils 3-7 km from NPP
� Lower abundance of young earthworms
1988/89:
� Mesofauna population size restored 
Mid-1990’s:
� Changes in species composition as consequence of 

changing ecosystems
� Reduced mesofauna diversity

Geras’kin et al. 2008. Environment International



Chernobyl
Møller & Mousseau 2009 

Biol. Lett.





ERICA ‘no effect level’



ERICA ‘no effect level’

ICRP ‘expect 
effects’



ERICA ‘no effect level’

UK natural 
background

ICRP ‘expect 
effects’
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Population impact on barn 
swallows
Scientific American Feb 2015

Loss of leader shoot in Japanese fir trees
Sci. Rep. 5, 13232; DOI: 10.1038/srep13232 (2015)

Phenotypic modification in 
butterflies
Hiyama et al, Sci. Rep. 2, 570; 
DOI:10.1038/srep00570 (2012)



� Butterfly larvae fed plants harvested from Fukushima 
evacuated area

� LD50 = 1.9 Bq

Hiyama et al. 2014, Scientific Reports



� Butterfly larvae fed plants harvested from Fukushima 
evacuated area

� LD50 = 1.9 Bq
� LD50 equates to a maximum of c. 8µGy/h

� Below ‘no-effect’ and in natural background range?

Comment by Copplestone & Beresford, 2014, The 
Conversation



� Butterfly larvae fed plants harvested from Fukushima 
evacuated area

� LD50 = 1.9 Bq
� LD50 equates to a maximum of c. 8µGy/h

� Below ‘no-effect’ and in natural background range?
� From previous studies LD50

for sub-adults ≥ 1 Gy



[UNSCEAR 2013, Vol I, Scientific Annex A] 65

RAP

Dose-rate 
estimate

Lower end 
DCRL Ratio of estimate to 

benchmark
µGy/h

Bee 18 400 0.04

Deer 71 4 17.8

Duck 21 4 5.3

Earthworm 46 400 0.11

Frog 18 40 0.45

Pine tree 17 4 4.3

Rat 46 4 11.5

Wildgrass 26 40 0.65



� A robust system has evolved that is for humans and the 
environment 

� There are differences and similarities when actually 
undertaking assessments

� Considering the environment in its own right is 
appropriate and facilitates communication

� Further advice and recommendations are still being 
developed but there is enough information to apply the 
one system of radiological protection now



www.icrp.org


