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Genesis of ICRU report 94
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▌ ICRU report 68 on retrospective dosimetry
covers only prolonged and past exposure at 
low dose, not the emergency situation 
(Retrospective Assessment of Exposures to 
Ionizing Radiation, 2002)

▌ Proposal from EURADOS to write a new 
report dedicated to the application of 
retrospective dosimetry for acute and high 
exposure and emergency phase

▌ First joint EURADOS-ICRU report



Aims of ICRU report 94
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▌Focus on the most topical problems at the present time: assessment of 
individual doses received by the members of public and early responders 
following acute exposures due to malevolent use of ionizing radiation 
sources.

▌Review of methods of retrospective dosimetry (biological dosimetry, EPR, 
TL/OSL, neutron activation, field radiation mapping, in vivo monitoring or 
bioassay): characteristics, limits, complementarity

▌Review of past application cases and lessons learnt

▌Recommandations for on their use for various radiation exposure conditions 
and dose assessment needs.



Contents of ICRU report 94
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1. Introduction
2. Dose quantities
3. Biodosimetry
4. EPR dosimetry
5. Luminescence dosimetry
6. Other individual-person radiation measurements
7. External Dose Assessment Methods Based on Radiation Field 

Mapping
8. Summary
9. Conclusions



Aims of dosimetry in the frame of radiological accidents 
management
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▌The primary purposes of the initial-phase dose assessment are:
 to identify individuals in potential danger from short-term, deterministic (tissue) effects.
 To help the medical in assessing a diagnostic, a prognostic and the medical strategies

▌Medical management of the victims
 Dose is a marker of damages to tissues and organs which helps the physicians:
to evaluate the radio-induced damages
to define the therapeutic strategy

▌How? Assessment of the whole body dose and the dose 
distribution in the body (or doses to organs)



Radiological accidents: types of accidents
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More than 600 
incidents/accidents 
are known since 
1945 (~200 deaths)



Radiological accidents: different scenarii of exposure
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Limited number of victims:

 Orphan sources, industrial facilities, medical 
application (radiotherapy, brachytherapy, radiology, 
etc.), nuclear sites.

 Victims are identified

 Irradiation are often localized

Possibly large number of victims:

 Nuclear accidents, radiological malevolence, 

 Large number of persons possibly involved, actual 
victims hardly identifiable

 Need to sort out population to identify persons actually 
involved and to determine severity of injuries



Radiological accidents: different scenarii of exposure
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Dose quantities on interest

Absorbed dose vs RBE-weighted
absorbed dose ?

And specifically for neutron irradiation (criticality accident): kerma in 
tissue, dose to the element 57, surface dose , Dp(10)



Techniques described



Toolbox of dosimetric appraoch



Biological dosimetry
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Depending of the number of damages and their topology, cell
could produce different kind of misrepairs

Study of the misrepairs of the DNA



Biological dosimetry



Biological dosimetry: calibration



Biological dosimetry: stability



Biological dosimetry: summary



Biological dosimetry: facts and summary

▌Dicentric assay knows as the « gold standard method », PCC used for very high dose (> 5 Gy)

▌Should not be used alone

▌Provide dose in the circulating blood approximate to whole body dose

▌Statistics on aberration distribution in cells can tell about dose heterogeneity

▌Delay (cell culture) and stability

▌ Issues with calibration

▌Application to large scale?



EPR  dosimetry: principles



EPR  dosimetry: overview



EPR  dosimetry: overview

First application case of 
mini-biopsies of enamel
in 2011 (Bulgarian
accident) mesured by Q-
band EPR

21 Gy

76 Gy76 Gy

43 Gy

Dose ?



EPR  dosimetry: summary

▌Versatile techniques: numerous applications, many materials, complementary to others
techniques

▌Most used materials: bone (very pertinent in case of localized irradiation)

▌New developments: in vivo, mini-biopsy (Q-band EPR)

▌Possibly high capacity for large scale (cf. minibiopsy of enamel or glass from smartphones): 
(no delay, 5 min/meas.)



TL/OSL  dosimetry: principles



TL/OSL  dosimetry: summary

▌Lots of developpments over the last 10 years but no application up to now, relative large 
communauty of researchers

▌More sensitive than EPR, but larger signal unstability and destructive measurements, light 
effect for OSL

▌Possibility of  international network (see large scale accident), but bottleneck with sampling

▌ Interresting developpments with remote measurments with optical fiber overcoming the 
problem of sampling

▌Promising appraoches (cf. silicate in dust)



Summary of physical dosimetry



Summary of all techniques



Lessons learnt for small scale accident



Large scale accident: applications?

The importance of network is underlined
New developpments needed to adress the problem of meas. capacity



Recommendations



Conclusions

▌Provide a review of existing methods and new developpments

▌Provide an comprehensive overview of use and applications (for authorities and 
decisioners)

▌Provide recommandations both for researchers, authorities and funding agency: 
roadmap

▌This report has helped to maturate the strategies of use and research, especially
for large scale


