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Chornobyl agricultural accident
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he first is short and false information about the
accident was only after 5 days - April 30, 1986
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Выступающий
Заметки для презентации
 There was no ban on milk consumption


Cancer of the thyroid gland (children, J.
| . Konigsberg, 2009)
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Temporary permissible levels (action levels, Bqg/kg) for

radionuclides in foodstuff after the Chornobyl accident
In the USSR, Ukraine and Japan

FOODSTUFF Date
06.05.86' | 30.05.862 | 15.12.87%| 06.10.88° [22.01.913|Ukraine| Japan
PL-97 | 2012
Drinking water 3700 370 20 20 20 2 10
Bread and bakery 370 370 370 370 20 100
products, cereals
Milk 3700 370 370 370 370 100 50
Condensed milk 18500 1110 1110 1110 300 100
Sour cream 18500 3700 370 370 370 100 100
Cheese 74000 7400 370 370 370 200 100
Butter 74000 7400 1110 1110 370 200 100
Meat and meat products 3700 1850 1850 740 200 100
Fish 37000 3700 1850 740 150 100
Vegetables 3700 740 740 600 40-60 | 100
| eaf vegetables 37000 3700 740 740 600 40 100
Fresh fruit and berries 3700 740 740 600 70 100
Dried fruits and berries 3700 11100 1110 2900 280 100
Fresh mushrooms and 18500 1850 1480 500 100
wild berries
Dried mushrooms 11100 7400 2500 | 100
Baby food 370 370 185 40 50
1 _for 131,  2-for total beta activity, 3-for 134+137Cs


Выступающий
Заметки для презентации
To reduce internal radiation exposure of the population, temporary permissible levels of radionuclides in food and drinking water were introduced immediately after the Chernobyl accident. Non-emergency permissible levels were used in Ukraine only 11 years after the accident. 
Japan did so just one year later.


Pergamon J. Aerosol Sci,, Vol. 25, No. 5, pp. 755759, 1994
Elsevier Science Ltd
Printed in Great Britain

0021-8502/94 $7.00 +0.00
0021-8502(94)E0019-T

RESUSPENSION OF RADIONUCLIDES AND THE
CONTAMINATION OF VILLAGE AREAS AROUND CHERNOBYL

V. A. KasHParov,* V. P. ProTsak,* Y. A. Ivanov* and K. W. NicHoLson'

A number of measurements of dry deposition have been carried out in order
to evaluate the spread of contamination resulting via resuspension. The
results suggest that the spread of contamination into decontaminated areas is
likely to be slow, even including the effects of agricultural activities.

@ Perglmon J. Aerosol Sci,, Vol. 25, No. 5, pp. 761-766, 1994
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INHALATION OF RADIONUCLIDES DURING AGRICULTURAL < L
WORK IN AREAS CONTAMINATED AS A RESULT OF THE P s =
CHERNOBYL REACTOR ACCIDENT | Soryi @46

V. A. KasHparov,* V. P. ProTsak,* V. 1. YoscHENKO* and J. D. WATTERSON!
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Effective dose for machine operators from inhalation of radionuclides by 1-3
orders of magnitude lower than dose rates due to external irradiation from
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Выступающий
Заметки для презентации
A number of measurements of dry deposition have been carried out in order to evaluate the spread of contamination resulting via resuspension. The results suggest that the spread of contamination into decontaminated areas is likely to be slow, even including the effects of agricultural activities.


Farmland mapping

It was possible to carry out a complete survey
of the contamination of agricultural lands of
Ukraine only after the development by Dr.
Bondar at UIAR of the express method of
remote determination of the density of soil
134137Cs contamination based on
measurements of the power of exposure dose
SRP-68.

Thanks to this method, a comprehensive
survey of agricultural lands in the most
polluted districts of Kyiv, Zhytomyr, Chernihiy,
Rivne and Cherkasy regions was carried out in
three months. "




©  Criteria to establish the zones of radioactive
contamination in Ukraine (Laws of Ukraine, 1991)

Zones

Criteria to establish the zones

1. Exclusion zone

_\ |

(obligatory)

3. The zone of a
guaranteed voluntary
resettlement

Vi

2. Zone of an unconditional| % j

resettlement el

1. The zone of an enhancéd

Area where the population

was evacuated in 1986
(includes 30 km
zone around ChNPP)

Where D_;>5 mSv/yr
137Cs > 555 kBg/m? or
%0Sr > 111 kBg/m? or

Pu> 3.7 kBg/m?

Where D_>1 mSv/yr
;185 < 137Cs <555 kBg/m?,
5.5< PSr < 111 kBg/m?,
0.37 < Pu < 3.7 kBg/m?

Where D_;>0.5 mSv/yr

radioecqlagical b . y « 37s13C3<485 kBg/m?,
monitofhg Zzone WwWas Iqu|datEd "ﬂ.?iéi .5 kBg/m?,
: 0.185 <Pu< 0.37 kBg/m3
Characteristics for 01.01.2007 1 zone 2 zone 3 zone 4 zone Total
Number of settlements 76 86 841 1290 2293
Area, km? 2122 2003 22619 26710 53454
Population 120 9040 637230 1645540 2291930
including children under 14 years 18700 150160 336660 488690



Выступающий
Заметки для презентации
In 1991 the Laws of Ukraine established the classification of the zones of radioactive contamination around Chernobyl NPP and determined territories of radioactive contamination on which it was necessary to carry out the special measures to decrease the exposure doses.
A territory where the annual effective dose could exceed 1 mSv was considered radioactively contaminated.
If the dose exceeds 1 mSv, the countermeasures must be applied! It is necessary to optimize the countermeasure application. 


Effective doses to Ukrainian population in the
present period after Chernobyl accident

Internal irradiation due to Inhalation of
drinking water radionuclides, <0.1%
consumption, <2%

External irradiation,
5-30%

4.0 - @ OMUTOMMUPCbKA ob6nactb R?=0.036
@ PIBHEHCBKA obnactb R?=0.003
| o 1m3s
. . g __a___-
Internal irradiation due to foodstuffs —D-*-'——%'%'En-— -
consumption, 70-95%

200 300 400 500 600
LLinbHicTb 3ab6pyaHeHHA rpyHTy 137Cs Ha 2011 2012 p., KBK-m™2

70-95% of the effective population dose in the most suffered
regions of Ukraine is formed due to consumption of the
foodstuffs containing Chernobyl radionuclides
L


Выступающий
Заметки для презентации
Now 70-95% of the effective population dose in the most suffered regions of Ukraine is formed due to consumption of the foodstuffs containing Chernobyl radionuclides


Диаграмма2

		Внешнее облучение

		Внутреннее облучение за счет потребления продуктов питания

		Внутреннее облучение за счет потребления питьевой воды



External irradiation,
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Internal irradiation due to foodstuffs consumption, 70-95%

Internal irradiation due to drinking water consumption, <2%

Inhalation of radionuclides, <0.1%
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Внешнее облучение,
 5-20%

Внутреннее облучение за счет потребления продуктов питания, 80-95%

Внутреннее облучение за счет потребления питьевой воды, <2%

Ингаляция радионуклидов, <0.1%
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The critical settlements of Zhytomyr and
Rivhe region
137Cs - Rivne region

20Sr - Kyiv region ChNPP
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Выступающий
Заметки для презентации
Все эти села расположены на большом расстоянии от ЧАЭС и радиоактивное загрязнение сельскохозяйственной продукции связано не с высокими уровнями загрязнения территории , а аномально высоким корневым поступлением радиоцезия в растения на торфяно-болотных почвах Полесья 
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Выступающий
Заметки для презентации
Contaminated milk with 137Cs activity exceeding 100 Bq/l was produced in more than 50 settlements in Ukraine in small private farms. 



Values of the average annual effective dose to
population (mSv) in the critical settlements of
Zhytomyr and Rivne region (2012)
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Выступающий
Заметки для презентации
Fourteen years ago, in less than 30 settlements  in Ukraine, the average annual effective radiation dose to the population exceeded 1 millisievert. The main contributor to this dose is internal exposure through the consumption of foods (primarily milk, meat, mushrooms, and berries) containing Chernobyl radionuclides.


.

Average specific activities of 3/Cs in milk and
potato (Bg Lt and Bq kg, in the critical
settlements of Zhytomyr and Rivne region (2012)
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Выступающий
Заметки для презентации
In these villages, the specific activity of cesium-137 in the milk of cows of the population exceeds 100 Becquerel per liter.


.

The dynamics of the milk contamination by 13’Cs which is
produced in the private farms of the most critical settlements
during the grazing period (arithmetic mean, standard deviation,
n>10) (UIAR, http://www.uiar.org.ua/Eng/nine.htm )
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2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Year

. . . The number of cows
Settlement | Population | Children (% of population) ] ]
in the village
Vezhitsa 1131 460 (41%) 330
Drozdyn’ 2419 1077 (44%) 565
Stare Silo 3847 1627 (42%) 800

Stare Selo,
Oct 2024,
137Cs, Bq/l
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Выступающий
Заметки для презентации
To date, the concentration of cesium-137 activity in milk in some settlements exceeds the permissible level and without the use of countermeasures this will persist for a long time.

http://www.uiar.org.ua/Eng/nine.htm

Vasylenko et al., 2025. Status and results of radiation-hygienic
monitoring of settlements in radioactively contaminated areas of
Ukraine at the current stage of the Chornobyl accident. Problems

of Radiation Medicine and Radiobiology. 2025. 30, 143-159
httos://doi.ora/10.33145/2304-8336-2025-30-143-159
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Agricultural Measures for Reducing MAEE
Radionuclide Contamination of Rt
Agricultural Products in Japan ovemoer2ho

Summary of measurements for radiocesium in raw milk

s ™y
Although samples with radiocesium exceeding 50 Bqg/kg were found
in the aftermath of the accident, no samples have exceeded the limit

since April 2011.

L )
FY 2013 FY 2014 FY 2015 (as of May 25)
(2,040 samples) (1,846 samples) (210 samples)
100% 100% 100%
(2,040) (1,846) (210)
100 100
— 90 90 90
S 80 80
o 70 70
= 60 60
= 50 50
0 40 40
S 30 30
£ 0% 0% 20 0% 0% 20 09,
= (0) © 1 (0) 0 10 ()
~25 25~50 50~ ~25 25~50 50~ 0 50~

Radioactive cesium (Bg/kg)

Notes: N
- Mumbers in parentheses are total numbers of samples tested in each fiscal year. %
- Samples with values below imits of detection fall into the category of *~ 25 Bakg.” 2 E
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Monitoring of radioactive contamination of

agricultural products
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Radioactive contamination of foodstuff 13/cs

Radioactive contamination of milk 137¢Cs

- Radioactive contamination of potato 137cs

Radioactive contamination of mushrooms 137cs

Radioactive contamination of berries 137¢cs

Radioactive contamination of corn 90Sr



Выступающий
Заметки для презентации
Уже через  один месяц после аварии был создан специальный институт для научно-методического руководства ведения сельскохозяйственного производства на загрязненной территории. В настоящее время Институт сельскохозяйственной радиологии продолжает проводить мониторинг радиоактивного загрязнения продукции в Украине, результаты которого доступны для населения на Website.

http://www.uiar.org.ua/

Dynamics of milk production in Ukraine,

million tons
(according to the Union of Dairy Enterprises of
Ukraine)
2014 year 2024 year 2025 year 2026 year
(prediction)
Total 6,82
production
Including 2,65 3,00 3,20 3,42
enterprises (23,8 %) (41,4 %) (45,7 %) (50,2 %)
(%)
Households of 8,49 4,25 3,80 3,40
the population (76,2 %) (58,6 %) (54,3 %) (49,8 %)

(%)

Milk sales are the daily cash income of the population!



Summary of the reduction factors of different

countermeasures used after Chornoby!|

Countermeasure 137Cs NSr
Normal ploughing (first year) 2.5-4.0

Skim and burial ploughing 8-16

Liming 1.5-3.0 1.5-2.6
Application of mineral fertilisers 1.5-3.0 0.8-2.0
Application of organic fertilisers 1.5-2.0 1.2-1.5
Radical improvement: 1.5-9.0* 1.5-3.5
— First application 2.0-3.0 1.5-2.0
— Further applications

Surface improvement: 2.0-3.0* 2.0-2.5
— First application 1.5-2.0 1.5-2.0
— Further applications

Change in fodder crops 3-9

Clean feeding 2-5 (time dependent) 2-5
Administration of Cs binders 3-5 -
Prussian Blue

Clay mineral 2-3 -
Processing milk to butter 4-6 5-10
Processing rapeseed to oil 250 600



Выступающий
Заметки для презентации
Agricultural countermeasures after the Chernobyl accident reduced population radiation doses in 2 time.


kBq in the body

The average content of 13’Cs in the body of the population of the

120 T villages of the Zhytomyr region (data from Vasilenko V., NRCRM):
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Animal-based countermeasures
Clean feeding (Astasheva et al., UIAR 1991)

The effective half-lives of 13’Cs in the muscle tissue A(t), Bg/kg of animals (UIAR data):

A(t)/A(0)=al*exp(-0.69%t/ T1,,)+a2* exp(-0.69%t/ T2,,,)

Animals al T1,,, day a2 T2,,,, day
Bulls 18-20 months (n=50) | 0.48%0.05 11+1 0.52%+0.05 385
Bulls 10-12 months (n=20) 0.65 7.3 0.35 43
Heifers (n=50) 0.7%0.1 8.3*0.7 0.3%0.1 46+10
Cows (n=50) 0.63%0.05 7x2 0.37%0.05 48+5
Pigs 65-70 kg (n=25) 1 15+3
Geese 4 kg, 3 year (n=75) 1 112
Fish T=17-26 C 100£20
Fish T=7-12 C >300

Bulls 18-20 months (n=50)
Bulls 10-22 months (n=20)
= = Heifers (n=50)

Cows (n=50)

1.00 S

Pigs 65-70 kg (n=25)
= = Geese4 kg, 3 year (n=75)

0.10 ¢

radiocaesium loss rate

0.01

0 20 40 60 80 100 120
time (days)



Выступающий
Заметки для презентации
Live-monitoring prior to slaughter is a key cost-effective method which allows efficient control of management options for animals and also allows selection of suitable animals to slaughter from within a herd/flock.
Management options which are similar to normal farming practices, such as clean feeding, are amongst the most feasible and acceptable measures as they can maintain the production of meat and milk without disrupting normal farming practices.  


.

Addition of hexacyanoferrate (also known as Prussian blue or
ferrocyn: AFCF - NH,Fe[Fe(CN)y], KFCF - KFe[Fe(CN)g], FCF-

Fe, Fe(CN),];) to feedstuffs for animals

The average radiological efficiency of ferrocyn application
during several years (Ukraine)

Year Name of product Efficiency (rate of milk
contamination reduction))
1990-91 Prussian blue boli (Norway) 5-10
1992-94 Prussian blue boli (Ukraine) 2-4
1994 Prussian blue powder 2-5
1995-97 Prussian blue, salt briquettes 3-6
2004-2006 Prussian blue with mixed feed 3.4%x2.0

Processing factors (ratio of activity concentrations in the product

after and before processing) for various foodstuffs

e
=

Hammibnk o Purumatir

Taliad Tar Het Predbitlon

ol Radlunaelis Tranh i
Teranwktinl arud

Processing grain to flour 0.3-0.9 0.2-0.4
Processing grain to bran 3 3
Processing vegetables, berry and fruits to 0.4-1 0.01-0.5
juice
Processing of beet to sugar 0.01-0.08 -
Processing of a potatoes to of starch 0.12-0.17 -
Boiling, soaking and pickling of mushrooms 0.1-0.3 -

- IProcessing milk to butter 0.2-0.3 0.1-0.5
Processing rapeseed to oil 0.004 0.002



Выступающий
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Hexacyanoferrate compounds (also known as Prussian blue) are radiocaesium binders, which may be added to the diet of livestock to reduce radiocaesium transfer to milk, meat and other animal products by reducing absorption in the gut. 
Prussian Blue  was used extensively after the Chernobyl accident in Ukraine (where it was called ferrocyn). The maximum effectiveness of Prussian blue application in term of 137Cs activity concentration reduction in animal products was up to 10, but typically in field conditions it was 3-5 fold. 
The concentration of radionuclides in food can be affected by industrial and domestic processes such as extraction during boiling, removal of certain parts of the raw food (eg. bran, peel, shell, bone) and drying or dilution.
Experience gained after the Chernobyl accident has shown that many commonly used methods of domestic and industrial processing of food products results in significant decreases of contamination of those foodstuffs and hence of internal radiation doses to people. A set of methods for milk processing to butter and sour-milk products have been developed and successfully implemented in food processing practice. Depending on the method of processing, milk activity concentration of 137Cs and  90Sr in a final food product can be reduced up to 7-10 fold in comparison with the initial product. Using food processing a number of processed food products (starch, vegetable oil, spirit, etc.) can be prepared which comply with radiation safety standards whereas the original unprocessed contaminated raw material would fail.
TRS - S. UCHIDA
National Institute of Radiological Sciences, Chiba-shi, Japan




The supply of meat and milk to meat
processing plants and dairies with
radionuclide content exceeding permissible

levels
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Addition of hexacyanoferrate (also known as Prussian blue or
ferrocyn: : AFCF - NH,Fe[Fe(CN)] Q , KFCF - KFe[Fe(CN)g], '
FCF-Fe,[Fe(CN)q]3) '. to feedstuffs for fish |
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Unlike in mammals, the use of PB compounds in feed does not significantly reduce the resorption of
radiocesium in the gut (by 1.4-1.8 times), but substantially reduces the effective half-life of 137Cs
activity in fish (from 100 to 16-28 days).
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Prussian Blue  was used extensively after the Chernobyl accident in Ukraine (where it was called ferrocyn). The maximum effectiveness of Prussian blue application in term of 137Cs activity concentration reduction in animal products was up to 10, but typically in field conditions it was 3-5 fold. 
The concentration of radionuclides in food can be affected by industrial and domestic processes such as extraction during boiling, removal of certain parts of the raw food (eg. bran, peel, shell, bone) and drying or dilution.
Experience gained after the Chernobyl accident has shown that many commonly used methods of domestic and industrial processing of food products results in significant decreases of contamination of those foodstuffs and hence of internal radiation doses to people. A set of methods for milk processing to butter and sour-milk products have been developed and successfully implemented in food processing practice. Depending on the method of processing, milk activity concentration of 137Cs and  90Sr in a final food product can be reduced up to 7-10 fold in comparison with the initial product. Using food processing a number of processed food products (starch, vegetable oil, spirit, etc.) can be prepared which comply with radiation safety standards whereas the original unprocessed contaminated raw material would fail.
TRS - S. UCHIDA
National Institute of Radiological Sciences, Chiba-shi, Japan
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Reaction in the world and
Ukraine

https://www.independent.co.uk/news/w
orld/europe/milk-radioactive-cow-
ukraine-healthy-dairy-safe-chernobyl-
a8388576.html

https://www.nytimes.com/2018/06/08/
world/europe/chernobyl-nuclear-
disaster-radiation-milk.html

https://www.itv.com/news/2018-06-
08/villages-in-ukraine-still-suffering-
chernobyl-fallout-after-30-years-study
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Decades Later and Far Away,
Chernobyl Disaster Still Contaminates
Milk

Villages in Ukraine still suffering Chernobyl
fallout after 30 years - study
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In the first years after the accident, a significant part of UIAR
efforts was devoted to the practical works, which were directly
related to the elimination of the accident consequences and
fulfilling of the on-line tasks of the Government. In that period, we
elaborated :

* the express-method for estimation of the radioactive contamination of the agricultural
areas that enabled to survey in the short terms the whole territory of Ukraine, to map
the contamination of the agricultural lands and to abandon agriculture in the most
contaminated places;

e program of the farms re-profiling in the contaminated territory;
* method of deactivation of the homestead lands;
* radiological passport of the agricultural enterprise.

Also we carried out the radiation expertise of forage and exported agricultural
production. Due to the valuable input of our scientists, radiological situation in
agriculture in Ukraine in 1990 was stabilized.

The scientists of UIAR have published since the accident more than 1000 scientific works including
about 100 methods, recommendations, and proposals for organization of agriculture in the
radioactive contaminated territories. These proposals have been implemented in the practical work
of the divisions of the Ministry of Agrarian Policy of Ukraine and of the radiological services at the
levels of regions, districts and farms. The concept of the agricultural production in the contaminated
territory of Ukraine has been developed for the period till 2010, as well as the programs of
rehabilitation of the abandoned territories etc. For the most critical settlements, the technical
projects were proposed, which would guarantee the manufacture of the production satisfying the
acting standards.




Radiological examination of agricultural lands taken
out of economic use in the Zhytomyr region
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Conclusions, Problems, Recommendations

e Currently there are no problems with
radioactive contamination of agricultural
products;

 About 20 thousand hectares of land require
legislative return to economic use;

 There is a real threat of loss of knowledge and
expertise in agricultural radiology;

 There is no state support for scientific research
and training of young specialists.
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