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Roentgen - unit of exposure for gamma or x-ray radiation in air 
  
Gray (Gy) - unit of absorbed dose; 1 Gy = 100 rad 
 
  
Rad - old unit of absorbed dose; 1 rad = 1/100 Gy (cGy) 
  
Sievert (Sv) - unit of dose equivalent; 1 Sv = 100 rem 
  
note: for external gamma radiation, Sv is equivalent to Gy (rad equivalent to 
rem) 
  
Rem - old unit of dose equivalent; 1 rem = 1/100 Sv (cSv) 
  
Effective dose equivalent (EDE) - dose equivalent for a specific organ of the body 
based on its sensitivity to the specific type of radiation 
 

Radiation Units 

Activity 
  
 Becquerel (Bq) 
  
 1 Bq = 1 disintegration per second 
  
 Curie (Ci) - older unit of activity 
  
 1 Ci = 3.7 x 1010 disintegrations per second 
  



Comparing Chernobyl with Fukushima Daichi 

Chernobyl Fukashima 

I131 1.76 x 1017 bcq/day 1.30 x 1017 bcq/day 

Ce137 8.5 x 1015 bcq/day 5.0 x 1015 bcq/day 



Lessons from Chernobyl 

1.  Why was there reluctance by IAEA to accept 
 early reports of ↑thyroid cancer? 
2. What were the public health consequences of 

 general population screening? 
3. Did a reliance on ecological studies effect 

dose-response calculations?  
4. Why was the Japanese LSS not replicated in 

Belarus? 



Thyroid Cancer Risks Before Chernobyl 
AGE yrs Latency 

yrs 
Cases/10,000 
PY-Gy 

Relative 
Risk/SIR 

Medical/External Dose 
Rochester Thymus Gland <1.0 20-30 1.8 ♀  0.6 ♂ 13.0 

Israel Tinea 0-4 
5-15 

20-30 
20-30 

20.3♀   6.3♂ 
9.0♀  2.8♂ 

23.6 
8.3 

Medical/Internal I131 
Sweden/Holm (1988) 
0.5Gy 

All 
N=35,074 

1.27 [0.94-1.67] 

Environmental 
Marshall Islands 1.1-1.3 

Utah Sites (Rothman 1984) 0 [0-0.54] 

Risk Estimates 
Shorr (1992) 2.6 

Lundgren 1987  Int/ext 1.0  [0.14-3.15] 



Chernobyl 1986  Radiation Dissemination Pattern 



Author Institutions Location Period Design Population 1986 ♀♂ ratio 

Astakhova et al 1998 RIRM, Minsk Belarus 1987-1992 Case Control 107 cases; 0-15 1.1:1 

Davis et al 2004 University of Washington Russia 1991-1997 Case Control 26 cases;  1:1 

Cardis et al. 2005 IARC Belarus 
Russia 

1992-1998 Case Control 276 cases;  0-15  1.7:1 

Tronko et al. 2006 Institute of Endocrinology and 
Metabolism, Ukraine 

Ukraine 1998-2000 Cohort 45/13,127:0-18 2:1 

Tronko et al. 1999 AMS Ukraine Ukraine 1986-1997 Ecological 562 cases:0-18 2.1:1 

Jacob et a. 2006 Inst Rad Prot, Nurembourg Belarus, 
Ukraine 

1990-2001 Ecological Ukr 522 cases (Kiev) 
Bel 577 cases (Minsk) 

2.8:1 
1.8:1 

Likhtarov et al. 2006 Radiation Protection Inst, UKR Ukraine 1990-2001 Ecological 232 cases:0-18 (301,997) 2.1:1 

Major post-chernobyl Studies 





Cases Aksakhovchina Clinic 
• 89 from zone A, 18 from Zone B 
• 107 Type I Controls (Zone A, only) 
• 107 Type II Controls (Same diagnostic procedures as Cases) 

Cases and Controls in the Core 1998 Case Control Study 



Dose Relationship only in Gomel Region, and in Rural Areas 



IARC Case Control Study 

WHO expert group 2003. 



Overall thyroid dose distributions for the 107 cases 
and for the 214 controls 

Belarus Case Control Study  -- RMI and NCI, 1998 



IARC study – Belarus and Russia 
276 cases/231 in Belarus 

•OR and best fit linear models 
•OR @1 Gy 5.5 (CI 3.1,9.5) – 8.4 (CI 4.1-17.3) 
•Linear fit @1.5-2  Gy 



Ukraine Cohort Study Tronko et al. 2006 

• Birth cohort 1968 – 1986 
• Screened 1998-2000 
• 32,385 selected on basis of Direct dose and interview  

• 100% of > 1 Gy (n=8752) and random sample of lower dose 
• 13,243 took part (44%); 29,919 eligible: 34% untraceable; 21% refused 



Ukraine Cohort Study 



Key Findings 
• ERR and OR for thyroid cancer ~5-8 per Gy 
• KI administration appears to lower risk by a factor of ~ 3 
• Low exogenous iodine increases risk by factor of ~3 
• Low exogenous I and KI interaction over 1 Gy (up to 11x) 

 



Late Effects or Screening Bias 

Cardis, 2006, WHO 
expert group 



Ecological Issues: Gender Distribution  from Jacob et al. 2006 



Comparison of 3 high exposure oblasts 
with Belarus low exposure (Mahoney et al 2004) 



Thyroid Cancer in Ukraine 
• 1968-1986 cohort 
•24% (73,216) had direct thyroid measurements 
•Avg dose = 353 mGy 
•RR for detection 3x higher as US screening extends 

 



CLEAN UP WORKERS 
ACUTE RADIATION EFFECTS 
OTHER CANCER RISKS 

Radiation Effects other than Thyroid Cancer 



•Avg dose 170 mGy in 1986 
•Glycophorin A (GPA) negative 
•Translocation analysis (FISH) negative 



Solid tumour and lekeumia risk in 
clean-up workers Ivanov 2007 

• ERR/Gy (0.20, 0.76) c/w LSS 
• Leukemia risk in first ten years  



•Badges limited to 0.2Gy 

  
•The primary whole-body effect from acute 
radiation exposure is acute radiation syndrome 
(ARS). 
  
•occurs with acute doses of > 0.5 - 1 Gy (50 - 100 
rad) 
 





The Screening and Cohort Effect 





Principal Study Groups --Chernobyl 





Estimation of Future Risks 

Belarus – Ecological Study 
Ukraine – Population Study 





•ERR/Gy = 8.0 (CI 4.6-15) 
•EAR = 1.5/10,000 PYGy (CI 1.2-1.9)  



All thyroid cancer cases reported to national registry at Institute of 
Oncology, Belarus 1986-1995 
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