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Dose assessment approaches 

PHYSICAL  
DOSIMETRY 

BIOLOGICAL 
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CLINICAL 
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Dosimetry badge 
 

Fortuitous: Luminescence 
Electron spin resonance 

Bioassays 

Cytogenetics 
(Dicentrics, FISH, PCC, MNA)# 

Biochemical markers  
Somatic mutations 

Gene/miRNA expression 
 
 

Vomiting 
Diarrhoea  

Blood cell count 
Skin reactions... 



Spectrum of damage induced by IR 

 Goodhead (1994) Int J Radiat Biol 65:7 

• 100,000 ionisations in the cell nucleus 
•     2,000 direct ionisations in the DNA 
 

•     1,000 single-strand breaks 
•     1,000 damaged bases 
•        150 DNA protein crosslinks 
•          35  double-strand breaks 
 

•            0.1 dicentrics / micronuclei   
•            0.3 lethal events           
•          10-5 hprt mutations 

Damage induced  
by 1 Gy X-rays  
in a human cell: 

physical 
 
 
 

biochemical 
 
 
 
  

cellular  



Biological effects of IR -> Biodosimetry 

Chromosome 
aberrations Mutations 

repopulation 

necrosis / 
apoptosis 

DNA damage signalling & repair 

radicals 

IR 
ionisations / excitations 

inflammatory 
response 

cancer 

organ dysfunction 

 
 

WBC, caspases dics, 
MNA, 
FISH 

GPA, 
HPRT 

CRP, SA, IL-6 

EPR 

OSL, TL 

gene expression,   
γ-H2AX, CDKN1A 

citrulline, Flt3 ligand  

CVD 

Tim
e since exposure 

cataracts? 
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The ideal dosimeter 

Specific to radiation 

Low background 

Low donor variability 

Low doubling dose 

Dose response calibration 

Persistent effect 

Ease of sampling 

Rapid analysis 

Low cost 

‘Risk meter’ 



Characteristics of biodosimetry methods 
 Ainsbury et al (2011) Radiat Prot Dosimetry, 147:573-92; Rothkamm & Lloyd (2013) 

Comprehensive Medical Biophysics Vol. 8, Ch.14; Wojcik et al, 2017, IJRB. 



Principles of retrospective dosimetry 

1. Identify potentially exposed individuals 

2. Take a sample 

 A. Blood for biodosimetry 

 B. Personal belongings for OSL/EPR 

3. Measure radiation-induced signal 

4. Interpret: Compare the test result with a 
calibration curve for dose response; 
estimate uncertainties 

5. Inform clinical treatment decisions 

 

Dose 

Yield 



Dicentric formation 

Replication 
Incorrect 

repair 



Chromosome dosimetry 
• - Blood lymphocyte culture 

culture time = 48h 

Phytohemagglutinin 

Colcemid 

harvest 
slide preparation 
staining 

culture time = 72h 
Cytochalasin B 

Metaphase  
– Dicentrics/ 
translocations 

Cytokinesis - Micronuclei 

 IAEA (2001) TRS 
405; IAEA (2011) 

Cytogenetic Dosimetry 
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Dicentrics - Dose response relationship 

Human lymphocytes: 



Automatic dicentric hunting 
 Vaurijoux et al (2009) Radiat Res 171:541 

Manual scoring: 

 ~ 50 cells in 1 hr 

 ~ 500 cells in 10 hr 

 

Automatic scoring: 

1. Rapid response mode:  

- 150 cells in 30 mins; ~ 2 min 
staff effort;  

- +/- 0.5 Gy 

2. Full mode: 

 3000 cells in 10 h;  

 ~ 40 min staff effort;  

 +/- 0.15 Gy 

 



The micronucleus assay 

Comparison to dicentric assay 

 

• MN arise mainly from acentric 
fragments 

• Scoring easier & faster 

• Not specific to radiation 

• More background noise (especially 
for women…) 

• Less sensitive (dose limit >0.2 Gy) 

• Unstable signal fades like the 
dicentric 

• Cannot easily discriminate between 
total and partial body exposure 

 Vral et al (2011) Mutagenesis 26:11 

 Thierens et al (1999); Baeyens et al (2011) doi:10.3109/09553002.2011.577508 



Premature chromosome condensation 

PERIPHERAL BLOOD 

FICOLL SEPARATION 

FUSE IN PEG 

LYMPHOCYTES CHO 

CHINESE HAMSTER 
OVARY  (CHO) CELLS 
   (Grown in BrdU)# 
  
      COLCEMID 
 
MITOTIC SHAKE OFF 
(METAPHASE CELLS)# 

PCC 

Incubate 1 h 
(Medium+PHA+Colcemid)# 



Some limitations with current cytogenetic analysis methods 

Ideal scenario:  Acute, whole body, homogeneous, external irradiation of a known low LET source, with 
dose in the region of > 0.1 - ~ 5 Gy… 

Real life exposures:   

• Delayed blood sampling 

• Protraction or fractionation, chronic exposures 

• Inhomogeneity 

• Very high or very low doses 

• High LET radiation 

• Internally deposited radionuclides 

• Mass casualty scenarios 

• Inter-scorer, -lab, -assay variation and other confounders 

 Vinnikov et al (2010) Radiat Res 174:403 



Non-uniform exposure 

• Practically all accidents involve 
inhomogeneous / part-body exposure 

• Dicentrics in lymphocytes indicate averaged 
whole body dose 

• Uniform exposure (e.g. in test tube) – Poisson 
distribution 

• Non-uniform – Overdispersion 

• Dolphin et al.: ‘Contaminated Poisson’ method 

 

Dicentric distribution, dicentrics per cell 

0.3 dicentrics per cell: 



Fluorescence in situ hybridisation for stable 
translocations 

 Edwards et al (2005); Edwards et al (2007);  
Hartel et al; Sigurdson et al (2008) 

 
 



DNA Damage - Gamma-H2AX as a marker for DSB 

- H2AX is a component of 
the DNA packaging scaffold 
(chromatin) in the cell 
 
- Each radiation-induced 
DSB induces hundreds of 
H2AX phosphorylations. 
 
- ³ -H2AX antibody visualises 
and quantifies individual 
DSBs at very low doses. 
 
 

 Rothkamm & Horn (2009), Ann Ist Super Sanita 45:265-71; Barnard et al (2013), Genome Integr 4:1 



Gene expression, transcriptional responses 

 Abend et al., 2021: 10.1038/s41598-021-88403-4; Cruz-Garcia et al, 2022; 10.1186/s13014-021-01807-4 

https://doi.org/10.1038/s41598-021-88403-4
https://doi.org/10.1186/s13014-021-01807-4


³ -H2AX assay for biological dosimetry 

Blood samples taken after CT scans: 

 Rothkamm et al (2007), Radiology 242:244-51 
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Thermo-/optically- stimulated luminescence 

 Woda et al (2009) Ann Ist Super Sanita 45:297; Göksu & Bailiff (2006) Radiat Prot Dosimetry 119:413 

http://www.google.co.uk/imgres?imgurl=http://gallery.hd.org/_exhibits/money/_more2006/_more05/credit-cards-VISA-MasterCard-with-embedded-chip-UK-issued-consumer-and-business-foil-holograms-issuers-Barclaycard-Egg-Clydesdale-closeup-1-DHD.jpg&imgrefurl=http://mirror-au-nsw1.gallery.hd.org/_c/money/_more2006/_more05/credit-cards-VISA-MasterCard-with-embedded-chip-UK-issued-consumer-and-business-foil-holograms-issuers-Barclaycard-Egg-Clydesdale-closeup-1-DHD.jpg.html?sessionVar=spider&sessionVarLocale=es&usg=__sd6d0ItW1G7rzDFc65IYE5Ryn8g=&h=2304&w=3072&sz=3073&hl=en&start=7&zoom=1&tbnid=NwFBNHppzg3DUM:&tbnh=113&tbnw=150&ei=SJpLTqCxJYGj8QPHqYHYCQ&prev=/search?q=chip+card&um=1&hl=en&sa=N&tbs=isz:l&tbm=isch&um=1&itbs=1
http://www.google.co.uk/imgres?imgurl=http://wholesometruth.files.wordpress.com/2010/11/510937_64099339.jpg&imgrefurl=http://wholesometruth.wordpress.com/2010/11/19/a-salty-situation/&usg=__PhS4BDYTnzqde1Lt37C2QNcsKew=&h=1340&w=964&sz=170&hl=en&start=7&zoom=1&tbnid=ZBH5ICoSWdrv-M:&tbnh=150&tbnw=108&ei=9ZpLTq_XCMmY8QO7nqnmCQ&prev=/search?q=salt&um=1&hl=en&sa=N&tbs=isz:l&tbm=isch&um=1&itbs=1
http://www.google.co.uk/imgres?imgurl=http://www.drgregkerbel.com/images/Tooth Incisal Edge Translucency.jpg&imgrefurl=http://www.drgregkerbel.com/Dental-Smile-Catalog-Photos.html&usg=__-_Nuu3HtD2vbRePs6NKFV01Y5Bg=&h=983&w=1420&sz=87&hl=en&start=1&zoom=1&tbnid=Lr_j6hPprZJyLM:&tbnh=104&tbnw=150&ei=LpxLTrj5GYat8QOk4vziCQ&prev=/search?q=tooth&um=1&hl=en&sa=N&tbs=isz:l&tbm=isch&um=1&itbs=1
http://www.google.co.uk/imgres?imgurl=http://www.myspashop.com/images/backup/passion images/Long & Short of Nails/Fingernails no polish - MSS.jpg&imgrefurl=http://www.myspashop.com/passions/beauty-therapy-products/hands-and-feet-1.html&usg=__qkZgFavfVtNINeidJ85DUeCfsrk=&h=1704&w=2272&sz=778&hl=en&start=24&zoom=1&tbnid=iUfzC8tpUFrgfM:&tbnh=112&tbnw=150&ei=2JxLTpjMF9Cu8QPZ2bTtCQ&prev=/search?q=fingernails&start=21&um=1&hl=en&sa=N&tbs=isz:l&tbm=isch&um=1&itbs=1
http://www.google.co.uk/imgres?imgurl=http://www.wallwork.me.uk/floor/buttons_large.jpg&imgrefurl=http://www.wallwork.me.uk/floorboards.html&usg=__gZNe_S6uHxF-g6Eb9xlA4QTXCYE=&h=1536&w=2048&sz=395&hl=en&start=2&zoom=1&tbnid=sqc2dvCa1AihQM:&tbnh=113&tbnw=150&ei=06dLTsXsCNC4hAfCrPmTCA&prev=/search?q=buttons&um=1&hl=en&sa=N&tbs=isz:l&tbm=isch&um=1&itbs=1
http://www.google.co.uk/imgres?imgurl=http://blog.4over4.com/wp-content/uploads/2011/02/business_cards.jpg&imgrefurl=http://blog.4over4.com/2050/business-card-printing-2/&usg=__sAVlEvi2S4M4THuoKPgkKske_cw=&h=1536&w=2048&sz=628&hl=en&start=26&zoom=1&tbnid=9uktLLv_WVc4bM:&tbnh=113&tbnw=150&ei=s6lLTrj4MszG8QOX0fnACQ&prev=/search?q=business+cards&start=21&um=1&hl=en&sa=N&tbs=isz:l&tbm=isch&um=1&itbs=1
http://www.google.co.uk/imgres?imgurl=http://blog.prometheuswatch.com/wp-content/uploads/2011/03/Prometheus-JellyFish-black-dial.png&imgrefurl=http://forums.watchuseek.com/f29/prometheus-jellyfish-tritium-tubes-mens-diver-watch-527604.html&usg=__4Q4e6T5L3dGcJJeuasUqQEMHPhw=&h=1201&w=801&sz=923&hl=en&start=62&zoom=1&tbnid=xGS-sIuWRjq2eM:&tbnh=150&tbnw=100&ei=n7JLTuCFCouo8APO3cD6CQ&prev=/search?q=watchglass&start=42&um=1&hl=en&sa=N&tbs=isz:l&tbm=isch&um=1&itbs=1
http://www.google.co.uk/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/1/1b/Dust_bunnies.jpg&imgrefurl=http://en.wikipedia.org/wiki/File:Dust_bunnies.jpg&usg=__yFkr631boXD3h8PSGzL0xAZUH4M=&h=1944&w=2592&sz=2119&hl=en&start=16&zoom=1&tbnid=936oKI6V00MDgM:&tbnh=113&tbnw=150&ei=OAxNTu6xGYO7hAeBwanpBg&prev=/search?q=dust&um=1&hl=en&sa=N&tbm=isch&um=1&itbs=1
http://www.google.co.uk/imgres?imgurl=http://killiandental.com/images/Gallery4/IMG_0014_LG web.JPG&imgrefurl=http://killiandental.com/photogallery4.htm&usg=__LRPK8bRiIwJl_qpYF_1ohBKpEYw=&h=768&w=1024&sz=126&hl=en&start=8&zoom=1&tbnid=8YJyRGYftsRSHM:&tbnh=113&tbnw=150&ei=apxLTsHZBMzC8QOBqsHtCQ&prev=/search?q=dental+ceramics&um=1&hl=en&sa=N&tbs=isz:l&tbm=isch&um=1&itbs=1


OSL - resistors 
(1)  Protective coating 
(2)  Resistive film 
(3)  Inner electrode 
(4)  Ni plating 
(5)  Sn plating 
(6)  Ceramic substrate 

Unirradiated 

2 Gy 

~10-20 mGy detectable but 50% fading in 10 days  

 Beerten et al. Radiat Meas 44 (2009) 620–625; Inrig et al. Radiat Meas 43 (2008) 726 – 730 



Electron paramagnetic resonance 
 Fattibene & Callens (2010) Appl Radiat Isot 68:2033; 

Trompier et al (2009) Ann Ist Super Sanita 45:287  

EPR dosimetry measures the concentration 
of radicals with unpaired electrons in a 
sample. 
 
[carried out by measuring how much 
microwave energy is absorbed due to 
‘flipping’ of electron spins in a magnetic field] 
 
Radicals persist sufficiently long only in very 
few ‘solid’ biological materials: 
• Calcified tissues (teeth, bones) 
• Finger/toe nails 
• Hair 
...but also detectable in personal belongings, 
e.g. glass (watch, glasses, phone…) 
 

http://upload.wikimedia.org/wikipedia/commons/a/a9/EPR_splitting.jpg


EPR in vivo: teeth 
Swartz et al (2006) Radiat Prot Dosimetry 120:163 

Williams et al (2011) Radiat Meas 46:772-7  

Field deployable in vivo EPR tooth dosimeter being developed… 
• 17 cm dipole magnet 
• SE ~0.9 Gy 
• Smaller versions planned 
 

http://www.dartmouth.edu/~eprctr/rese
arch/tooth_dosimetry.shtml 

Future work: Improve sensitivity further, develop smaller field-deployable systems 
suitable for triage   



Mass casualty radiation accidents 

1) Initial clinical triage  - vomiting, etc 

2) Secondary triage   - retrospective dosimetry 

Problem 

Small very specialised laboratories with limited surge capacity 

 

Solutions 

•  Score fewer cells at first (e.g. 50 instead of 500) (ISO 21243) 

•  ‘Quickscan’ (Flegal et al (2010) Health Phys 98:276) 

•  Automation 

•  New methods / combination of methods 

•  Assistance networks 



Retrospective dosimetry assistance networks 

Regional: 
EU: RENEB (Kulka et al, Int J Radiat Biol. 2017 Jan;93(1):2-14); based on recent research projects 
Latin America, Japan, Canada, … 
 
Worldwide: 
International Atomic Energy Agency – Response Assistance Network (RANET) 
World Health Organization – BioDoseNet  
 

 



EURADOS WG 10 



Summary 

• Retrospective dosimetry quantifies radiation-induced changes to 
biological or certain physical ‘fortuitous’ materials carried by 
suspected exposed individuals 

• Development started in the 1960s; today we have a robust set of 
tools and techniques to estimate dose and in some 
circumstances say something about circumstances of exposure 

• Development continues! 

• For large scale emergency response, networking in development 
and validation is absolutely key to ensuring we are able to 
respond with the state of the art for retrospective dose estimation 

• EURADOS WG 10, RENEB and other networks remain essential 
– this has been and must remain an international effort 

 



Thank you for listening! 

All work/images not 
referenced are my own or 
presented on behalf of WG 
10 – thank you to all 
colleagues 
 
Questions or comments? 
Interested to join WG10? 
 
Do get in touch:  
liz.ainsbury@ukhsa.gov.uk 
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