
Cytogenetic analysis of restoration workers for 
Fukushima Daiichi Nuclear Power Station accident 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Yumiko Suto1, Momoki Hirai1, Miho Akiyama1, Gen Kobashi2, Masanari Itokawa3,  
Nobuyuki Sugiura1,4, Makoto Akashi1, Kazuo Sakai1. 
 
1 Research Center for Radiation Emergency Medicine, National Institute of Radiological Sciences (NIRS), Chiba, Japan. 
2 Research Center for Charged Particle Therapy, NIRS, Chiba, Japan. 
3 Tokyo Metropolitan Institute of Medical Science, Tokyo, Japan. 
4 Nuclear Safety Research Association, Tokyo, Japan. 



After 11 March 2011, the Great East Japan Earthquake 

affected the Fukushima Daiichi Nuclear Power Station 

(NPS) and caused serious damages to NPS, resulting in 

a large amount of radioactive materials being released 

into the environment. 

ÅI -131 1.6× 1017 Bq 

ÅCs-134 1.8× 1016 Bq 

ÅCs-137 1.5 × 1016 Bq 
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NIRS activities for Fukushima NPP accident 
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External exposure 

Individual monitoring for exposure is done by: 

- Clinical dosimetry 

 ϝ aŜŘƛŎŀƭ ǎȅƳǇǘƻƳǎΣ ōƭƻƻŘ ŎŜƭƭ ŎƻǳƴǘǎΧ 

- Physical dosimetry 

 * Personal dosimeter 

 * Dose reconstruction 

- Biodosimetry 

 * Chromosome Analysis 

 ϝ 9{wΣ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎΧ 



Harvesting, fixation, chromosome 
preparation, staining 

3-10 mL 

Blood collection, isolation of PBMCs,  
cell culture (48h, 1st division) 

Biodosimetry scoring 
 Ą Upload the result to medical report 

NIRS DCA System 
based on IAEA Manual 2011, ISO 
19238, ISO 21243 

NIRS DCA System 
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Automatic metaphase-finding Ą chromosome-image analysis 

medical triage scoring Ą report to the doctors 

age, sex, alcohol, 
smoking, medicine, 
histories of medical 
and occupational 
exposures, etc. 



NIRS received 1F site-workers with suspected 
overexposure for medical care and physical and 
biological dosimetry 
 
 

For biodosimetry, 12 individuals 

were received from 21 March  

to 1 July 2011. 

 

 
 
 

Ą  Patients were back every week for internal dose assessment.   

       Re-examination of DCA: after 3 months and 1 year 

* Biological doses were estimated 
based on our own dose-response 
curve for dicentric induction by in 
vitro 60Co irradiation at 11 dose points. 
* Fourteen age-matched and 
occupationally non-exposed healthy 
individuals were also examined as 
controls. 

Calibration Curve 

I-131, I-133, Cs-134, Cs-137 
 Ą External exposure (gamma-rays) 

(Suto et al., 2013) 



[Y. Suto et al., Health Physics 105(4): 366-373, October 2013] 

* Among the workers, no individuals 
showed values exceeding 300 mGy (95% 
upper confidence limit ), which is lower 
than the lower limit  level of medical triage 
for acute radiation syndrome (1 Gy). 
 
* The results corroborate the fact that no 
acute radiation syndromes were observed 
among the workers examined. 


