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“C5 is concerned with radiological 
protection of the environment. It will 
aim to ensure that the development and 
application of approaches to 
environmental protection are compatible 
with those for radiological protection of 
man, and with those for protection of the 
environment from other hazards” 
 





 What are the protection objectives? 

 Which exposure situation? 

 What animals and plants are of interest? 

 What biological effects of radiation are of relevance? 

 What dose do they receive? 

 What is the relationship between dose and effect on 

these animals and plants; 

 How do we know that the original protection 

objectives have been met? 

 



(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. 

 





 Early mortality; 

  

 Some forms of morbidity;  

 

 Impairment of reproductive capacity by either 

reduced fertility or fecundity; and  

 

 Induction of chromosomal damage 
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Planned, emergency, and existing exposure situations 

Environmental radionuclide concentrations 

Dose limits, constraints 

and reference levels 

Derived Consideration 

Reference Levels 

Decision-making regarding public health and environmental 

protection for the same environmental exposure situation by way      

of representative individuals and representative organisms 

Reference Male & Female, 

and Reference Person 

Reference Animals and 

Plants 



Terrestrial Freshwater Marine 

Pine tree 
 

Frog  (adult, egg, 
egg mass, 
tadpole) 

Flatfish (egg, 
adult) 

Bee (adult, 
colony) 
 

Trout (adult, 
egg) 

Crab (adult, egg 
mass, larvae) 

Earthworm (egg, 
adult) 

Duck (adult, 
eggs) 

Seaweed 

Grass (meristem, 
grass spike) 

Deer (calf, adult) 

Rat 







Deer Rat Duck 

Frog Trout Flatfish 

Bee Crab Earthworm 

Pine tree 

Grass Seaweed 

m
G

y/
d

 

Generic benchmark 

Plant benchmark 

Vertebrate benchmark 

Invertebrate benchmark 

Background level 

Benchmarks from other studies/systems 
 



Dose rate 
(mGy d-1) 

Reference Deer Reference Flatfish 

100 - 1000 Reduction in lifespan due to 
various causes. 

Some mortality expected in 
larvae and hatchlings 

 

10 - 100 Increased morbidity.  
Possible reduced lifespan.  

Reduced reproductive success. 

 

Reduced reproductive success 

1 - 10 

 

Potential for reduced 
reproductive success   

Possible reduced reproductive 
success due to reduced fertility 

 

0.1 - 1 

 

Very low probability of various 
effects 

 

No information 

0.01 – 0.1 No observed effects. 

 

No information 

< 0.01 Natural background Natural background 

 Selection of DCRLs 



Dose rate 
(mGy d-1) 

Reference Deer Reference Flatfish 

100 - 1000 Reduction in lifespan due to 
various causes. 

Some mortality expected in 
larvae and hatchlings 

 

10 - 100 Increased morbidity.  
Possible reduced lifespan.  

Reduced reproductive success. 

 

Reduced reproductive success 

1 - 10 

 

Potential for reduced 
reproductive success   

Possible reduced reproductive 
success due to reduced fertility 

 

0.1 - 1 

 

Very low probability of various 
effects 

 

No information 

0.01 – 0.1 No observed effects. 

 

No information 

< 0.01 Natural background Natural background 

 Planned exposures 



Application in existing exposure situations 



Dose rate 
(mGy d-1) 

Reference Deer Reference Flatfish 

100 - 1000 Reduction in lifespan due to 
various causes. 

Some mortality expected in larvae 
and hatchlings 

 

10 - 100 Increased morbidity.  
Possible reduced lifespan.  

Reduced reproductive success. 

 

Reduced reproductive success 

1 - 10 

 

Potential for reduced 
reproductive success   

Possible reduced reproductive 
success due to reduced fertility 

 

0.1 - 1 

 

Very low probability of various 
effects 

 

No information 

0.01 – 0.1 No observed effects. 

 

No information 

< 0.01 Natural background Natural background 

Accidents and emergencies 



Application in emergency exposure situations 



Source term 

Dispersion 

Transfer 

CR 

RAP DCC 

Dose/Effect/Response 

RAP 

Organism biology and ecology 

DCRL 

Application 

Broader 
context 

RP and EP 

RAP 

Dose 
rate 

Decision P108 

P114 

P124 

C5 

Outside of scope 
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 TG 72 on RBE for RAPs. Useful survey of 
general interest – data for many RAPs 
scarce or inexistent. Sign-off for 
discussion with C1 and C2 and then to MC 

 

 TG 74 on more realistic dosimetry. 
Finalisation of the work of the TG. 
Potential development of a stand-alone 
software tool (or a web-based application) 
capable of deriving DCC for arbitrary 
organisms based on the new ICRP 
radionuclide database (P107) 



Data on: 

• biology, 

• life cycle,  

• stable element ratios,  

• exposure scenarios (including 
background),  

• transfer factors,  

• effects,  

• models 



Trunk and 
branch  

DCFs for simple 
geometries 
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Reference Animals and Plants 

 
‘Derived Consideration Reference Levels’ 

 

Representative organisms 

Radionuclide intake and external exposure 

Planned, existing & emergency exposure situations 



 Representative Organisms (ROs) need to be 

identified to serve as representatives of a particular 

species, or a group of organisms, in relation to a 

site-specific assessment, taking account of their 

assumed location with respect to the source 







 Uranium mining 

 Nuclear power plant 

 Reprocessing 

 Hospital 

 Etc. 
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Max. concentrations of radionuclides in air, water and ‘soil’ 

 

Authorised Release Rates 

Representative Persons 

Dose constraints 

Representative 
organisms 

DCRLs 

Planned situations 





0 0 … fp fp+1 … fmax-1 fmax

S1 0 0 0 0 0 0 0

0 S2 0 0 0 0 0 0

0 0 … 0 0 0 0 0

0 0 0 Sp 0 0 0 0

0 0 0 0 Sp+1 0 0 0

0 0 0 0 0 … 0 0

0 0 0 0 0 0 Smax-1 Smax

A terrestrial mammal Mus musculus 

Unisexual 

Gestation  time 0.6 months 

Lifespan 28 months 

5.4  litters/y of 7 young  EDR10= 980 µGy/h 

EDR10= 2200 µGy/h 

EDR10= 2800 µGy/h 

EDR10= 26 µGy/h 

Ex1: The most radiosensitive individual endpoint is an overestimation of the population radiosensitivity 

Combined consequences for 

individual R0 and population λ 

R0-loEDR= 340 µGy/h 

l-loEDR= 140 µGy/h 

Effect on fecundity 

Effect on hatching 

Effect on survival 

STAR D5.2 2012 



0 0 … fp fp+1 … fmax-1 fmax

S1 0 0 0 0 0 0 0

0 S2 0 0 0 0 0 0

0 0 … 0 0 0 0 0

0 0 0 Sp 0 0 0 0

0 0 0 0 Sp+1 0 0 0

0 0 0 0 0 … 0 0

0 0 0 0 0 0 Smax-1 Smax

A terrestrial mammal Mus musculus 

Unisexual 

Gestation  time 0.6 months 

Lifespan 28 months 

5.4  litters/y of 7 young  EDR10= 980 µGy/h 

EDR10= 2200 µGy/h 

EDR10= 2800 µGy/h 

EDR10= 26 µGy/h 

Ex1: The most radiosensitive individual endpoint is an overestimation of the population radiosensitivity 

Combined consequences for 

individual R0 and population λ 

R0-loEDR= 340 µGy/h 

l-loEDR= 140 µGy/h 

Effect on fecundity 

Effect on hatching 

Effect on survival 

Lowest significant changes in R0 and 

l are higher than the lowest 

individual EDR10 by a factor ca. 13 

and 5 respectively. 

 

 

Population is protected when 

individuals are protected 

 

 

    ICRP DRCL Reference rat 

 

0.1-1 mGy/d or 4-40 µGy/h 

is appropriate for individual level 

 

1-10 mGy/d or 40-400 µGy/h 

is appropriate for population level 

  



A terrestrial invertebrate  

Eisenia fetida 
Hermaphroditic 

Continuous breeder with 2-5 cocoons/worm/week 

Hatching 1 month 

Maturity 3 months 

Lifespan 20 months 

EDR10= 5500 µGy/h 

Ex2: The most radiosensitive individual endpoint is an underestimation of the population radiosensitivity 

Combined consequences for 

individual R0 and population λ 

R0-loEDR= 2610 µGy/h 

l-loEDR= 2600 µGy/h 

0 0 … fp fp+1 … fmax-1 fmax

S1 0 0 0 0 0 0 0

0 S2 0 0 0 0 0 0

0 0 … 0 0 0 0 0

0 0 0 Sp 0 0 0 0

0 0 0 0 Sp+1 0 0 0

0 0 0 0 0 … 0 0

0 0 0 0 0 0 Smax-1 Smax

Effect on fecundity 

Effect on hatching 

Effect on survival 

EDR10= 3400 µGy/h 

EDR10= 100000 µGy/h 

STAR D5.2 2012 



0 0 … fp fp+1 … fmax-1 fmax

S1 0 0 0 0 0 0 0

0 S2 0 0 0 0 0 0

0 0 … 0 0 0 0 0

0 0 0 Sp 0 0 0 0

0 0 0 0 Sp+1 0 0 0

0 0 0 0 0 … 0 0

0 0 0 0 0 0 Smax-1 Smax

A terrestrial invertebrate  

Eisenia fetida 
Hermaphroditic 

Continuous breeder with 2-5 cocoons/worm/week 

Hatching 1 month 

Maturity 3 months 

Lifespan 20 months 

EDR10= 5500 µGy/h 

Ex2: The most radiosensitive individual endpoint is an underestimation of the population radiosensitivity 

Combined consequences for 

individual R0 and population λ 

R0-loEDR= 2610 µGy/h 

l-loEDR= 2600 µGy/h 

Effect on fecundity 

Effect on hatching 

Effect on survival 

EDR10= 3400 µGy/h 

EDR10= 100000 µGy/h 

Lowest significant changes in R0 and 

l are lower than the lowest 

individual EDR10 by a factor ca. 1.3 

 

 

Population is not protected when 

individuals are protected 

 

 

 

ICRP DCRL Reference Earthworm 

 

10-100 mGy/d  or 400 -4000 µGy/h 

 

is appropriate for individual and 

population levels  



 A robust system has evolved that is compatible with 
the RP system for man and the EP system developed 
for other hazards 

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

 Simple to apply using default RAPs databases – but can 
also cope with complex exposure situations 

 Priority during this term to  

 Consolidation 

 Broadening the scientific basis 

 Improving applicability 
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