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ССHERNOBYL ACCIDENT:HERNOBYL ACCIDENT:
25 YEARS LATER25 YEARS LATER



Up to 5:00 a.m. (after 3 hours) Up to 5:00 a.m. (after 3 hours) ––
 

the fire was put outthe fire was put out

The information did not
correspond to

the real situation

April 26, April 26, 1986 01:241986 01:24 a.m.a.m.
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CHERNOBYL ACCIDENTCHERNOBYL ACCIDENT
Causes
•

 
defence system were 
switched off

•
 

technology procedures were 
roughly distorted

•
 

reactor construction defects
•

 
“

 
nobody believed that it was 

possible”
Results
•

 
great increase in 
power(1000 times)

•
 

reactor active zone & 
protective covering 
destruction



RADIONUCLIDE EMISSIONRADIONUCLIDE EMISSION
Radionuclides were releasing during 10 days  Radionuclides were releasing during 10 days  
••

 
IodineIodine

••
 

CesiumCesium
••

 
Other radionuclidesOther radionuclides

••
 

Inert noble gasesInert noble gases

Total radionuclidesTotal radionuclides
releasedreleased
on the 6on the 6thth of Mayof May
(18(18--35) x 1035) x 101818

 
BqBq



22--4 4 июняиюня

 

20092009 RER 3/004RER 3/004,,

 

МНСМНС

 

УкраиныУкраины, , КиевКиев

137137Cs Cs ““ spotsspots”” in Belarus, Russia, in Belarus, Russia,  
UkraineUkraine



CesiumCesium -- 137 137 
ContaminationContamination >> 37 37 kBq/mkBq/m22

Russian FederationRussian Federation 57,90057,900
BelarusBelarus 46,50046,500
UkraineUkraine 41,90041,900
SwedenSweden 12,00012,000
FinlandFinland 11,50011,500
AustriaAustria 8,6008,600
NorwayNorway 5,2005,200
BulgariaBulgaria 4,8004,800
SwitzerlandSwitzerland 1,3001,300
GreeceGreece 1,2001,200

COUNTRYCOUNTRY SquareSquare
 

ккmm



RELEASED RELEASED 
RADIONUCLIDES MASSES, RADIONUCLIDES MASSES, 

GG
IODINEIODINE --131 131 –– 5959
CESIUMCESIUM--134 134 –– 412412
CESIUMCESIUM --137 137 –– 1180011800
STRONCIUMSTRONCIUM--90 90 –– 14961496
PLUTONIUMPLUTONIUM--238 238 –– 4747
PLUTONIUM PLUTONIUM --239 239 –– 11410 11410 
PLUTONIUM PLUTONIUM --240 240 –– 4390 4390 
PLUTONIUM PLUTONIUM --241 241 –– 20722072



These were 
thrown down 

the reactor

2400 t
 lead

1800 t
 sand&clay 600t

 lime

40 t
 boron

compounds
.

 
It was inefficient 

because of the targets 
being missed.

There were too many 
radiation risks for the 

pilots.



LiquidatorsLiquidators
Liquidators 
(disaster fighters)
were mainly in 
reproductive age

16% liquidators were under 
the individual dosimeter 

control.

The control wasn’t adequate

There was no 
psychological 

rehabilitation after the 
works had been finished 

Total 230,000 people, of them 
55% military men



DAY WEEK MONTH YEAR 25

On 27.04 
at

 
2 p.m.

 the evacuation of the 
Prypyat inhabitants  began

By the end of the 
day

 
(April 26)

 
1100 

buses & 3 trains 
were sent to 
Chernobyl

4545,000 people ,000 people 
(17,000 children)(17,000 children)

 were evacuated  were evacuated  
in 3 hours (!)in 3 hours (!)



The evacuation was an adequate & 
appropriate countermeasure against 
radiation but it must have been done 
much earlier.



DAY WEEK MONTH YEAR 25

By the end of 1986, 
116,000 people were 
taken out from 188 
settlements

The evacuation turned into resettling

THE 10,000 Sv·Man LEVEL OF THE COLLECTIVE 
IRRADIATION DOSE 

WAS PREVENTED.
THERE WERE NO DETERMINIST RADIATION EFFECTS
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LONGLONG--TIME EFFECTSTIME EFFECTS

ResettlementResettlement: 1989: 1989--19931993
220,000 220,000 peoplepeople

VERY CONSERVATIVE CRITERIA WERE USEDVERY CONSERVATIVE CRITERIA WERE USED
They werenThey weren’’t based on the International Recommendationst based on the International Recommendations
The superfluous resettlement resulted in great budget The superfluous resettlement resulted in great budget 
losseslosses
THIS PRACTICE LED TO:THIS PRACTICE LED TO:

Increased risk perception of the peopleIncreased risk perception of the people
People stopped trusting the authorities because of the People stopped trusting the authorities because of the 
untrue informationuntrue information



IRRADIATION DOSES DISTRIBUTION IN TIME AFTER THE ACCIDENT 

IN BYELORUSSIAN SETTLEMENTS
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SOME COUNTERMESURESSOME COUNTERMESURES

MORE HARM THEN BENEFITMORE HARM THEN BENEFIT
CAUSES:CAUSES:

They werenThey weren’’t based on the radiation t based on the radiation 
protection principlesprotection principles
They were based on the criteria devised They were based on the criteria devised 
after the accidentafter the accident
The political & society opinion influenced The political & society opinion influenced 
the development of the criteria the development of the criteria 
SOME COUNTERMEASURES SOME COUNTERMEASURES 
WERENWEREN’’T ADEQUATET ADEQUATE

Decontamination of the evacuated  territoriesDecontamination of the evacuated  territories
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ONE OF THE MAIN LESSONSONE OF THE MAIN LESSONS

NonNon--radiation (economicalradiation (economical,, social, psychological & social, psychological & 
other) effects can bring more negative results then other) effects can bring more negative results then 
direct radiation exposuredirect radiation exposure;;

Lack of the countermeasure recommendations, which Lack of the countermeasure recommendations, which 
were clear for the people & authorities strongly were clear for the people & authorities strongly 
increased nonincreased non--radiation effects.radiation effects.



Almost Almost 1200 1200 people were on the people were on the 
nuclear power plant territorynuclear power plant territory (NPP (NPP 
personnel, firemen, rescuerspersonnel, firemen, rescuers))
Irradiation doses in the personnel & Irradiation doses in the personnel & 
firemen were in the intervalfiremen were in the interval 22--20 20 GyGy
Early aftermath for healthEarly aftermath for health

2 men died2 men died
1134 34 workersworkers developeddeveloped radiation radiation 
sicknesssickness, 47 , 47 people diedpeople died ((2828-- inin
1986 1986 &19 &19 –– in the period from in the period from 
1987 to 20041987 to 2004))



PeoplePeople NumberNumber Dose average Dose average 
mean, mSvmean, mSv

Liquidators(1986Liquidators(1986--1989)1989) 600,000600,000 ~100~100

EvacuatedEvacuated
 

(1986)(1986) 116,000116,000 ~33 ~33 

Population of the highly   Population of the highly   
contaminated territories (1986contaminated territories (1986--2005) 2005) 

270,000270,000 ~~7700

Other citizens (1986Other citizens (1986--2005)2005) 5,000.0005,000.000 ~10~10--2020

Background irradiation dose for 20 
years: ~50mSv (20-200 mSv)



According to Radiation Safety Norms According to Radiation Safety Norms --““
 NRBNRB--7676””

Dose limit: personnel Dose limit: personnel –– 50 mSv / per year50 mSv / per year
limited part of population limited part of population --

 
5 mSv / per year5 mSv / per year

Before the Document Before the Document --
 

““
 

NRBNRB--6969””
Dose limit : Dose limit : personnelpersonnel –– 50 mSv / per year50 mSv / per year

population population ––
 

1 1 mSv / per yearmSv / per year



According to According to ““SNIIP AESSNIIP AES””
--

 
document for document for ““limited propagationlimited propagation””

the dose limit for the accident was the dose limit for the accident was 500mSv.500mSv.

Final dose limits Final dose limits 
1986            1987           1989        19901986            1987           1989        1990

100 100 mSv           mSv           30 30 mSv           mSv           25 25 mSvmSv
 
25 25 mSvmSv



350mSv                       350mSv                       ??  70 mSv     70 mSv     



Everybody was thinking for a long time…



All the people were violently discussing…



And at last
 

they decided: 
evacuation –

 
5 mSv              

intervention level –
 

1 mSv       
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In Ukraine the people got 80In Ukraine the people got 80--90% of the 90% of the 
lifelong irradiation doselifelong irradiation dose



Irradiation Doses StructureIrradiation Doses Structure for for 
Polesye InhabitantsPolesye Inhabitants

MILK
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T
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Average irradiation doses in thyroid gland of the 
inhabitants in Bryansk, Tula, Kaluga regions versus 

cesium-137 soil density contamination 



EFFECTIVE ACCUMULATED (1986-2010) IRRADIATION DOSE 
OF THE RESIDENTS OF BRYANSK, TULA, KALUGA, ORYOL 

REGIONS
Дозы, мЗв

<1.00
1.00...2.00
2.00...5.00

5.00...10.00

10.00...25.00
>25.00

Дозы, мЗв
<1.00

1.00...2.00
2.00...5.00

5.00...10.00
10.00...25.00

>25.00

KALUGA

 
REGION

TULA
REGION

DOSE DOSE 
AVERAGE AVERAGE 

MEANMEAN
10 10 мЗвмЗв

BRYANSK
REGION

ORYOL
REGION



THYROID GLAND IRRADIATION DOSES IN CHILDREN & THYROID GLAND IRRADIATION DOSES IN CHILDREN & 
TEENAGERS (AVERAGE INDICES FOR THE DISTRICTS)TEENAGERS (AVERAGE INDICES FOR THE DISTRICTS)

Боровский

Узловский

Новомосковский
Ленинский

Заокский

Суворовский

Ясногорский

Щекинский

Чернский

Тепло-Огаревский

Плавский

Одоевский

Куркинский

Киреевский

Кимовский

Каменский

Ефремовский

Дубенский

Воловский

Веневский

БогородицкийБелевский

Арсеньевский

Алексинский

Корсаковский

Шаблыкинский

Хотынецкий

Урицкий

Троснянский

Сосковский
Свердловский

Покровский

Орловский
Новосильский

Новодеревеньковский

Мценский

Малоархангельский

Ливенский

Кромский

Краснозоренский

Колпнянский

Знаменский

Залегощенский

Должанский

Дмитровский
Глазуновский

Верховский

Болховский

Унечский

Трубчевский

Суражский

Суземский

Севский

Рогнединский

Почепский

Погарский
Новозыбковский

Навлинский

Мглинский

Стародубский

Красногорский

Комаричский

Клинцовский

Климовский

Клетнянский

Карачевский

Злынковский

Жуковский

Жирятинский

Дятьковский
Дубровский

Выгоничский

Брянский

Брасовский

Гордеевский

Калуга

Юхновский

Ферзиковский

Ульяновский

Тарусский

Сухиничский

Спас-Деменский

Перемышльский

Мосальский

Мещовский

Медынский

Малоярославецкий

Людиновский

Куйбышевский

Козельский

Износковский Жуковский

Хвастовичский

Жиздринский

Думиничский

Барятинский
Бабынинский

Кировский

Дзержинский

1.641.64

32.6632.66

17.0817.08
21.1421.14

12.1612.16

13.8513.85

8.878.87

33.4033.40

29.3729.37

34.2334.23

73.9473.94

33.8333.83

29.1429.14

32.9432.94

24.5524.55

47.1747.17
39.5839.58

14.0114.01

42.6042.60

11.6311.63

29.5129.5138.4438.44

64.3164.31

4.824.82

40.3540.35

34.0834.08

21.5021.50

36.3936.39

46.1046.10

37.7737.77
46.5746.57

31.2931.29

27.8527.85
41.4641.46

29.3029.30

29.7029.70

40.8140.81

21.1521.15

57.5857.58

36.0536.05

23.4623.46

29.4229.42

31.5031.50

16.0016.00

82.6882.68
46.6246.62

28.3128.31

67.6167.61

37.7237.72

65.8665.86

40.2040.20

67.8067.80

47.2147.21

80.7880.78

29.0829.08

86.9886.98
196.14196.14

67.2667.26

26.6626.66

105.94105.94

509.62509.62

80.0980.09

168.61168.61

151.99151.99

20.8920.89

67.1267.12

340.21340.21

34.5734.57

29.7929.79

65.6865.68
27.6427.64

41.0541.05

34.3334.33

76.3276.32

403.68403.68

2.002.00

7.467.46

6.536.53

63.7963.79

1.431.43

4.064.06

4.464.46
6.416.41

2.502.50

5.965.96

1.631.63

8.498.49

26.5026.50

17.7117.71

8.428.42

3.253.25 34.5734.57

35.3735.37

45.0245.02

10.0710.07

4.214.21
3.213.21

8.438.43

2.442.44

Дозы, мГр
<10.00

10.00...20.00
20.00...30.00

30.00...40.00

40.00...50.00
>50.00

Брянская

Калужская
Тульская

Орловская

99.28

10.18
27.45

33.93



NUMBER OF THE SUFFERED POPULATIONNUMBER OF THE SUFFERED POPULATION



IRRADIATION DOSES IN DIFFERENT CATEGORIES IRRADIATION DOSES IN DIFFERENT CATEGORIES 

OF THE BELARUS POPULATIONOF THE BELARUS POPULATION



INCIDENCE RATE DYNAMICS IN DIFFERENT INCIDENCE RATE DYNAMICS IN DIFFERENT 
CATEGORIES OF THE SUFFERED POPULATIONCATEGORIES OF THE SUFFERED POPULATION, , 

((11//00000000
 

))



SIR DYNAMICS, MENSIR DYNAMICS, MEN, , 
ALL LOCALIZATIONSALL LOCALIZATIONS



SIR MEANS IN DEPENDENCE ON AGE, MEN, SIR MEANS IN DEPENDENCE ON AGE, MEN, 
ALL  LOCALIZATIONSALL  LOCALIZATIONS



SIR DYNAMICS, MEN, SIR DYNAMICS, MEN, 
SOLID CANCER (WITHOUT THYROID CANCER)SOLID CANCER (WITHOUT THYROID CANCER)



SIR DYNAMICS IN MALE LIQUIDATORSSIR DYNAMICS IN MALE LIQUIDATORS, , THYROID THYROID 
CANCERCANCER



NODULES GOITER INCIDENCE RATE IN NODULES GOITER INCIDENCE RATE IN 
POPULATION DEPENDING ON AGE & IRRADIATION POPULATION DEPENDING ON AGE & IRRADIATION 

DOSESDOSES



RELATIVE RISK FOR THYROID PATHOLOGY IN CHILDREN RELATIVE RISK FOR THYROID PATHOLOGY IN CHILDREN 
AGED FROM 0 TO 3 IN TIME OF THE ACCIDENTAGED FROM 0 TO 3 IN TIME OF THE ACCIDENT

MODEL SEX RISK 
EXCESS

 
.

IT
(95%, Wald)

P ATTRIBUTIVE 
RISK,%

SINGLE NODULES 
GOITER

ERR М 0,68 0,37÷0,98 <0,001 40,5

W 0,19 0,05÷0,33 0,006 16,0

EAR М 9,61 5,25÷13,96 <0,001

W 5,08 1,43÷8,74 0,006

MULTIPLE 
NODULES 
GOITER

ERR М 1,28 0,26÷2,30 0,013 56,1

W 1,07 0,36÷1,77 0,003 51,7

EAR М 2,79 0,57÷5,01 0,013

W 3,98 1,35÷6,61 0,003

ADENOMATOZE 
GOITER

ERR ALL 2,42 1,11÷3,72 <0,001 70,8

EAR ALL 2,80 1,29÷4,32 <0,001

THYROID CANCER ERR М 11,59 6,42÷16,76 <0,001 92,1

W 7,46 3,56÷11,37 <0,001 88,2

EAR М 7,69 4,26÷11,11 <0,001

W 5,65 2,70÷8,61 <0,001

AIT ERR М 0,73 0,017÷1,44 0,045 42,2

W -0,002 -0,01÷0,06 >0,5

EAR М 3,1 0,25÷5,87 0,045

W



SIR HEMOBLASTOSISESSIR HEMOBLASTOSISES
 

DYNAMICS DYNAMICS 
FOR MALE LIQUIDATORSFOR MALE LIQUIDATORS



Cohort Relative Risk as a peculiarity of Gomel RegionCohort Relative Risk as a peculiarity of Gomel Region

sex LOCALIZED RR SIR

men

ALL CANCER 
LOCALIZATIONS 1.07 1.09

COLON CANCER 1.05 1.08

SKIN CANCER 1.27 1.13

KIDNEY CANCER 0.93 1.10

BLADER CANCER 1.06 1.12

HEMOBLASTOSISES 0.96 1.23

women
ALL CANCER 

LOCALIZATIONS 1.09 1.10

SKIN CANCER
1.35 1.30

INDEPENDENCE DISTRIBUTION TEST χ2(df=7) –

 

0,143; р

 

=0.999988747



RESULTSRESULTS: : 

In general, there is no significant increase of In general, there is no significant increase of 
cancer cases among the suffered population cancer cases among the suffered population 
except thyroid cancer;except thyroid cancer;

There is a relatively high risk of thyroid cancer There is a relatively high risk of thyroid cancer 
not only in children & teenagers but also in not only in children & teenagers but also in 
adult suffered populationadult suffered population..







AUTHORSAUTHORS
Profs.Profs. J. Kenigsberg, V.Kashparov, O.Vlasov,J. Kenigsberg, V.Kashparov, O.Vlasov,
Drs. Drs. A.Rozhko, M.Savkin, V. MasyakinA.Rozhko, M.Savkin, V. Masyakin

REFERENCESREFERENCES
1.  1.  International Chernobyl Project. Technical International Chernobyl Project. Technical 

Report.Report.-- IAEA, Vienna, 1990IAEA, Vienna, 1990
2. 2. International Nuclear Safety Advisory International Nuclear Safety Advisory 

Group.Group.-- IAEA, 1986 IAEA, 1986 
3. 3. National Report of Republic Belarus.National Report of Republic Belarus.-- 

Minsk, 2011Minsk, 2011



SOME ASPECTS OF RADON PROBLEM IN BELARUS SOME ASPECTS OF RADON PROBLEM IN BELARUS 

We consider the radon problem in Belarus in connection with the We consider the radon problem in Belarus in connection with the problem of the problem of the 
contamination of Byelorussian territory after the Chernobyl accicontamination of Byelorussian territory after the Chernobyl accident.dent.
Southern, SouthSouthern, South--Eastern, SouthEastern, South--Western territories of the country are the most Western territories of the country are the most 
contaminated with Chernobyl radionuclides.contaminated with Chernobyl radionuclides.
On the other hand, radon concentrations in the dwellings, soil aOn the other hand, radon concentrations in the dwellings, soil air have the lowest ir have the lowest 
levels in these regions.levels in these regions.
Northern, Western, Eastern Belarus and center of the country areNorthern, Western, Eastern Belarus and center of the country are the most radonthe most radon--
hazardous areashazardous areas
The soils of The soils of these regions have an insignificant Chernobyl radionuclidethese regions have an insignificant Chernobyl radionuclide
contamination levelcontamination level

To investigate the radiation exposure, we have to take into accoTo investigate the radiation exposure, we have to take into account the real radiation unt the real radiation 
situation has been formed in the concrete placesituation has been formed in the concrete place

There are no systematic investigations of the radon hazard problThere are no systematic investigations of the radon hazard problem in Belarusem in Belarus
There is no radon map of the Byelorussian territory.There is no radon map of the Byelorussian territory.





BEFORE CHERNOBYL GAMMABEFORE CHERNOBYL GAMMA--BACKGROUND MAPBACKGROUND MAP



MAP OF SOIL URANIUM CONTENTS IN BELARUSMAP OF SOIL URANIUM CONTENTS IN BELARUS



REGRESSION OF LUNG CANCER INDEX ON THE URANIUM REGRESSION OF LUNG CANCER INDEX ON THE URANIUM 
CONTENT IN SOILCONTENT IN SOIL

Uranium contents in soils, n·10-4 % 

Figure 1 - Dependence of the lung cancer incidence index on the uranium 

concentration in the soils. 



REGRESSION LUNG CANCER INDEX ON THE POWER DOSEREGRESSION LUNG CANCER INDEX ON THE POWER DOSE
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Figure 2-
 

dependence of the lung cancer 

incidence index on the power dose



URANIUM CONTENTS IN SOIL REGRESSION ON POWER DOSEURANIUM CONTENTS IN SOIL REGRESSION ON POWER DOSE

Figure 3 -
 

Dependence of the weight-average uranium contents in the soils



GOMEL REGION RADON MAPGOMEL REGION RADON MAP



MOGILEV REGION RADON MAPMOGILEV REGION RADON MAP



CONCLUSIONS:CONCLUSIONS:

The lung cancer indexThe lung cancer index regressions on the regressions on the 
soil uranium concentration & power dose soil uranium concentration & power dose 
may be confirmed with the may be confirmed with the 
epidemiological investigationsepidemiological investigations
Such indirect factors as beforeSuch indirect factors as before--Chernobyl Chernobyl 
power doses & the soil uranium power doses & the soil uranium 
concentration may be used for the concentration may be used for the 
determination of critical zones in radondetermination of critical zones in radon--
hazard mapping.hazard mapping.
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