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  One among  the  most severe environmental implica-
tions  of the radiation  incidents  (nuclear weapon explo-
sions ,  emergencies  in  the  nuclear power  plants)  is  the 
 radioactive contamination  of  agricultural  land  and  na-
tural  ecosystems, i.e.  meadows ,  pastures ,  forests ,  since 
 soil is  not only the   rst  and  basic  link ,  whereto  radio-
nuclides  fall from  the  atmosphere , but  also  their  storage 
battery  and  deposito  r.   The radionuclides  begin their 
 way  to  the  human body and  form  the internal radiation 
dose just from it by means  of  plant growing  and animal 
breeding  products via  trophic  chains .   In  the  popula-
tion inhabiting within the radionuclide-contaminated 
 territories  the part  of  internal radiation dose  obtained 
 with  food products  can   be up to 70 -90 per cent of total 
radiation dose  [ 1 ] . That is why,  development  and im-
plementation  of  special  radioprotective steps (or,  coun-
termeasures )  decreasing  the transition  of  radionuclides 
 into  plant growing  and animal breeding products  is the 
basic way  of radiation dose reduction for  the  agrarian 
 manufacturing.

The emergencies in  the  South  Ural , at the Cherno-
byl NPP, NPP Fukushima I  ( Fukushima  Daiichi )  have 
in common not  only their immensity, as  these are the 
greatest  radiation  emergencies  during  the entire  nuclear 
power history  [ 2 ,  3 ] ,  but  also their  agricultural effect, 
 even more,  forest  agricultural , while all  three  occurred 
 in  the  agrarian-developed zones signi  cantly covered 
with  forests  (Table  1 ) .  Thus,  the  population  of  the ra-
dionuclide-contaminated  territories is mainly the  rural 
 inhabitants  often obtaining many times  as large  inter-
nal radiation dose ,  than  the  city dwellers, as a result 
of  the  local  agrarian products  and  also natural forest 
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  food consumption. So,  the radiation dose  obtained  not 
 only  by the  inhabitants  of  rural  localities ,  but  also the 
 city population  also consuming  these  products depends 
on  the implementation  of the  countermeasures  in  the 
 agrarian  production  directed  toward  the  decrease  of  ra-
dionuclides entering  and  accumulation  in  plant grow-
ing  and animal breeding product s. Consequently ,  the 
agriculture manufacturers bear responsibility  for  radia-
tion safety  of the state population.

  Even during the  so-called Kyshtym emergency miti-
gation  in  the  South  Ural, at the Mayak Enterprise  in  the 
 Chelyabinsk  Region, that occurred  in 1957,   the  basic 
managerial  and  agr arian- technological  principles  of 
 agricultural production within the  radionuclide-conta-
minated  ter ritories have been developed. The  so - called 
 countermeasures ,  or  radioprotective  methods  contri-
buted  to the  decrease  of the  radionuclides accumula-
tion  in  food products  were  approved  for plant grow-
ing  and animal breeding [ 4 ] .   They  successfully passed 
 tests  under  the  conditions  of  after - emergency  period  in 
 the  contaminated zone  of  the Chernobyl NPP, were  im-
proved  and  augmented  [ 5–7 ] .   In  the  Polissia zone,  on 
 the  radionuclide-contaminated  sod-podzol  soils  of the 
various  degree  of podzolization,  and  also acid peat-bog 
 soils ,  poor  practically  in  all  nutrients ,  such  methods 
 as  liming ,  introduction  of the  increased  standards  of 
 phosphoric  and  potassium  fertilizers ,  organic  fertiliz-
ers ,  used  both  separately ,  and  in various  combinations , 
allow decreasing  the  entering  of  137 Cs  into  the  plants 
 in  2.5–4  times, while  90 Sr –  in  1.5–2.5  times , and con-
sequently,  decreasing  the  internal radiation dose  of  the 
human-being  in  1.5–3  times  [ 5–8 ] .
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  But  these  measures  proved to be inef  cient under 
 conditions of the  radionuclide contamination  of  agri-
cultural  land  as a result of  the NPP  Fukushima  I emer-
gency ,  where  the  loamy  and  clay red soil  of  heavy tex-
ture  with  the  powerful  humus  horizon  predominate. 
First ,  these  soils are  slightly acid,  close  to  neutral pH, 
that is why,  liming insigni  cantly in  uences  on the  ra-
dionuclides mobility . Secondly ,  under  conditions of the 
 land  contamination as a result of  the  Chernobyl NPP 
 emergency  the lime,  as  the  source  of  calcium, acts as 
 90 Sr radi ation blocker .   But  this  very radionuclide  is 
practically absent in  the  emergency  ejections at the 
NPP  Fukushima  I.   For  the same  reason,  there is no  need 
 for  the  introduction  of the  increased  standards  of the 
 phosphoric  fertilizers , as their effect  is connected to  the 
 formation  of the  weakly - dissoluble  secondary  and  ter-
tiary phosphates  of  90 Sr. Thirdly ,  these  soils  are consi-
derably greater provided  with the  nourishing elements , 
 including  potassium , so  the  introduction  of  both the po-
tassium  and organic fertilizers  insuf  ciently in  uences 
 on entering  of  137 Cs into  plants  [ 9 ] .   And ,  fourthly ,  due 
to  high  content  of the  humus  ( up to  6  per cent) ,  macro - 
 and micro-elements,  powerful  soil  absorbing  complex, 
 these  soils are capable  of  this  radionuclide’s  xation 
 and  its  acceleration of its  so - called  “ aging ” – transition 
 into  the  state almost inaccessible  for  the  plants .   The  lat-
ter ,  surely,  should be  carried  to  the  positive  qualities  of 
 these  soils ,  since  it gives evidences on  their  high  auto -
 rehabilitative  potential .

All mentioned above suggests  that  if  only the radia-
tion accident  in  the  territory  of  Ukraine  occurred  not 

 in  the  Polissia zone, i. e. in the  forest zone ,  but  in  the 
 steppe ,  where  powerful  chernozem  soils  predominate, 
 its  consequences  would be  considerably  less not  only 
 in  the  agr  iculture,  but  also in  total. This is another 
evidence of  the  very  unsuccessful  selection  of  place 
 for  building  of  the Chernobyl NPP  and  necessity  for  
thorou  gh  comprehensive approach  for  similar  issues.

  As  the  practical experience  of the   rst  years stated ,  in 
 Japan  such  methods ,  as  the  deep- plowing with a trench 
 plow  or  specially designed  so -called  soil  horizons mix-
er proved to be  effective ( Fig .  1 ) . This mounted equip-
ment allows removing  the  upper  contaminated  layer at 
thickness up  to  20–25  cm  and moving  it  at  depth of 
 0.5–0.7  m by the trench  plow  and  0.8–1  m by the soil 
 horizons mixer  [ 10 ] .

Among ef  cient steps  are: the  upper  contaminated 
 groun d layer  removal  in thickness up to  3–5  cm  ( Fig . 
 2 )  [ 11 ] , covering  the  surface with sorbent  materials 
followed with  their  collection  and  removal  [ 12 ] ,  water 
turbidity  in  the  rice paddy  elds  with  its  subsequent  se-
lection  and  cleaning from radionuclides  [ 13 ] , as well. 
  These measures allow cleaning soil radionuclides, 
decreasing  their transition  into  the  plants ten times or 
even more,  and  consequently, lessen the  internal radia-
tion dose  of the human-being for 3–5  times.

  Such  well -known  and even described  in  the  text-
books  methods,  except for the  la st one, were  tested  and 
applied at  the radionuclide-contaminated   agricultural 
 land  after  emergencies  in  the  South  Ural  and at  the 
Chernobyl  NPP. Concerning  the  deep- plowing method 

Table 1. Common and Distinctive Characteristics of Three Greatest Radiation Accidents

Characteristic Mayak Enterprise Chernobyl NPP NPP Fukushima I

Emergency Location
Year
Date
Region
Geographic zone
Regional economic pro  le
Emergency facility
Radioactive emission cumu-
lative volume, Bq
IN S emergency coef  cient
Long-lived radionuclides
Radionuclides’ physical-che-
mical state
Contaminated territory 
square, thousand km2

Wind direction in the mo-
ment of the emergency
Prevailed soils

ex-USSR, Chelyabinsk Region
1957

September, 29
Asia

Forest
Crop farming, forestry

Radioactive waste storage
7.4  1016

6
90Sr

Aerosol, hydrosol

23

NE

Grey forest, leached chernozem

ex-USSR, Kyiv Region
1986

April, 26
Europe
Forest

Crop farming, forestry
NPP

5.3  1018

7
137Cs, 90Sr, 239Pu

Aerosol

195

NW

Sod-podzol, peat-bog

Japan, Fukishima Prefecture
2011

March, 11
Asia

Forest
Crop farming, forestry

NPP
1.4  1018

7
137Cs

Aerosol

55

NW

Red soil, forest
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 with  soil  horizons mixing,  it  is suitable  for  the  fertile 
 soils with  powerful humus  layer typical  for  the  Fuku-
shima Prefecture  [ 14 ] .  Though,  as  the Chernobyl expe-
rience proved , this technique  was not suitable for  the 
 light  texture sandy  and  sandy loam  soils  in the Polis-
sia. Its  drawback  under  these  conditions is  the  actual  li-

quidation  of the  fertile  horizon  and  the  large power re-
quirement  of  the technology that needs  the  use  of  heavy 
 muling vehicles.

The rest of the  measures causes  huge amount  of  ra-
dioactive  wastes requiring  utilization  or  burial . The 
 removal  of  only 3–5  cm  of  soil layer  within  1  hectare 
 of  agriculture land results in  300 - 500  m3  of radionu-
clide-contaminated soil,  about  500 700 t ons of t otal 
weight.

As may well be imagined, w hat will happen to a   eld 
o f s od- p odzol s andy s oil i n t he P olissia zone,  w here t he 
f ertile l ayer i s measured b y the d epth o f the a rable h ori-
zon,  a fter t he a pplication of the soil horizons mixer. Or, 
just picture t he piles o f r adioactive soil a fter t he u pper 
5 - c m l ayer  removal.

Both the research wo rks an d re habilitative me asures 
implemented in  Ja pan ar e caused by  struggle fo r ea ch 
are (100 m2) of  ag ricultural la nd (i n  Ja pan th ere are 4 
 ares of  ar able land per capita, wh ile in  Uk raine – al-
 most 70  ar es per capita).  Re  latively sm all amounts of  
co ntaminated soil ar e stored in  th e la rge pl astic bags 
an d te mporarily placed wi thin th e co ncrete co nstruc-
tions  li miting it  as  th e so urce of  ex ternal ra diation i n 
Japan. There are at tempts to de crease the amount of  
su ch wa stes du e to th e bu rning-o u t of  ra dioactive ce si-
um fr om th e so il by  heating in  sp ecial fu rnaces at te m-
perature 13 00 °C with th eir subsequent ca tching with 
  lters,  co ncentrating an d bu rial.  It is believed th at th e 

mi neral pr oduct appearing af ter soil bu rning-out ca n be 
us ed bo th as a  construction material an d al so fo r ro ad 
furnishing. However,  the usefulness of  this te chnology 
is negligible thus far [1 5 ]  an d,  of  course,  it  is  also ve ry 
en ergy-c o nsuming.

 Bot  h und er con ditions of  eme rgencies at the Mayak 
Enterprise, or Che rnobyl NPP and  at NPP  Fukushima 
I the soil phyto-decontamination  tec hniques has de-
monstrated its low eff ectiveness. I t means cle aning 
fro m  rad ionuclides by means of tho se pla nts culti-
vation, whi ch have the  hig h abi lity to  accumulate ra-
d ionuclides while forming lar ge bio mass (su n  ower, 
a ma ranth, l up ine and  oth ers) [ 1 6 ,  1  7].  M or  eover, its  ap-
p lication is  also accompanied with the for mation of  ra-
d ioactive was tes in  immense amount. Furthermore, in 
whole it  is acknowledged ina dvisable to use  the pla nts – 
rad ionuclides accumulators  for  soi l cleaning [18 ] .

 I n the  animal production for age improvement is 
highly effective for the  lim itation of  the rad ioactive 
ces ium accumulation in  mil k and  mea t due  to the  
mea dows and  pas tures ma nagement, esp ecially rad i-
cal one, also add  ition of  enterosor bent, i n  particular 
hexacyanoferrate (Pr ussian blue) t o the  nutrient budget 
of  ani mals,   r st of all the  cattle. A s   the  exp erience of 
 the  Russian [19 ] ,  B el orussian [20 ]  a nd  Ukr ainian [1]  
 s ci entists, also con  rmed by  the  Japanese res earchers 
[21 – 23] p ro ves, these met hods allow to  reduce the  rate 
of  137 Cs  in  pro duction of  animal breeding for  3–6 tim es 
and  so,  d ec rease the  rad iation dose of  the  human-being 
correspondingly.

Fig. 1. Deep- plowing method  with  soil  horizons mixing 
(Japan)

Fig. 2. Upper co ntaminated gr ound layer re moval (Japan)
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Tab  le 2 giv es the  ave raged dat a on the  in   uence of 
 sep arate bas ic cou ntermeasures on  the  rad ionuclides 
accumulation decrease in pla nt growing and  animal 
breeding products tak en in whole and based on  the  
exp erience of  the  Ukrainian, R us sian, B el orussian 
and  Jap anese sci entists. Whi le taking into account the  
average rate of  various agricultural products in  the diet 
of  an ordinary per son (no   doubt, the  diets in the Fuk u-
shima Prefecture and Ukr ainian or  Bel orussian Polis-
sia is  dif  cult to be compared),   it  was tried to  estimate 
app roximately the mul tiplicity of  the rad iation dose 
decrease due  to one  or  another cou ntermeasure apply-
ing the standard methods of estimation and calculation 
of internal radiation dose for the human-being [8]. T he   
results give evidences on the  gre at pot ential of  the ef-
  ciency of  the lat ter.
It should also be mentioned that the  combinations 

 of  separate  countermeasures ,  for example ,  liming  and 
 simultaneous introduction  of  potassium ,  phosphoric 
 and  organic  fertilizers    or, forage  improvement  together 
with hexacyanoferrate addition to the animals diet, and 
so on, have not been researched yet.   Indisputably ,  the 
strengthening  effect  will be  observed  in that case,  since 
 the  decreasing mechanisms  of the  radionuclides transi-
tion  into  products  are  various,  although  it is not worth 
expecting  their  additivity, as  simple  summation . How-
ever,  some  combinations allow  to hope  for  the  pro-
bability  of  the  internal radiation dose reduction  for the 
human-being  by an order less.

Clean nutrient budget of cattle for one month before 
butchering allows  to decrease  the  137 Cs content  in  meat  
twice,  and  the same for two months –  for four  times .

  The particular  role  in  cleaning  of  agrarian products 
 can  belong  to the  primary cooking  and  processing con-

cerning  some kinds  of  plant growing  and  stock  breed-
ing products:  in particular,  to the  meat ,  vegetables, 
mushrooms boiling-out  during  10–30  min ,  the  milk 
dehydration, as it is  the  basic  supplier  of  radionuclides, 
 due to  the  serum  and skim milk  separation. That allows 
to delete  up to  90 per cent  of  radionuclides .

  Conclusions . 28 -year  experience  of the  Chernobyl 
NPP emergency consequences minimization  in  the 
 agrarian  sphere together with  three - year   experience  of 
 Japan (the latter is not so small – judging from  the  large 
amount  of the  executed  works) give clear evidences on 
the necessity of the differentiated  approach  to  the  ap-
plication  of the peculiar  countermeasures  in the case  of 
the  agricultural  land  radioactive contamination in the 
result of  the radiation  incidents . This approach  can  be 
determined  by  many  factors ,  but   rst of all – the ra-
dionuclide  composition  of  contamination, the  physic al-
chemical  state  of  radionuclides ,  soil type  and  regional 
economic pro  le.
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Table 2. Multiplicity of Radionuclides Rate Decrease in the Agricultural Products, and so – the Radiation Dose For the 
Human-Being, Applying the Countermeasures

Countermeasures

Multiplicity of Rate Decrease in 
Agricultural Products

Approximate 
Multiplicity
of Radiation 

Dose Decrease137Cs 90Sr

Deep-plowing method with soil horizons mixing
Upper contaminated ground layer removal
Acid soils liming
Introduction of the increased standards of potassium fertilizers
Introduction of the increased standards of phosphoric fertilizers
Introduction of organic fertilizers
Meadows and pastures radical management
Addition of hexacyanoferrate to the nutrient budget of animals
Milk dehydration
Meat, vegetables, mushrooms, etc boiling-out
Clean nutrient budget of animals for one month before butchering

6–10
4–8

1.5–4
2–4

0–1.5
2–3

2.5–10
2–8

10–30
1.5–3

2

3–7
3–6

1.5–2.5
0–1.5

1.5–2.5
1.5–2
2–6
–

5–10
1.5–3
0–1.5

3–5
2–5
2–3

1.5–2.5
1.5–2
1.5–2
2–5

1.5–4
3–5

up to 1.5
up to 1.5
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