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137Cs contamination of Ukraine (Atlas, 2008) 

For 2008 area with 137Cs contamination > 40 kBq/m2 was 25 500 km2,  
but the area of  the  zones of  radioactive contamination are 53 000 km2 

The significant part of 
Ukraine (42 800 km2 from 600 
000 km2) was contaminated 
by 137Cs with density more 
than 40 kBq/m2  

In 300 years the 137Cs activity will decrease by 210=1024 times  

Выступающий
Заметки для презентации
72 districts of 12 regions of Ukraine were contaminated.



More and big samples - the better, but we have 
limit money, time and technical opportunities 

(people, transport, samples preparation, 
measurement etc.) 

The most important questions of sampling:  
• Amount of samples on site and in each point? 
• Where and how to take samples (grid)? 
• Step of sampling (between horizontal points and 

vertical layers? 
• Area of sampling in in each point? 
• Depth of sampling? 

Ukraine 

Belarus 



Heterogeneity of  density 
of radionuclides 

contamination (a), soil 
types (b) and land use (c) 

c 

a 
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Выступающий
Заметки для презентации
Heterogeneity of  density of radionuclides contamination, soil types and land use 




•               - decrease or increase in the density of contamination 
(trend) within the subject site .  

•                   – contamination density deviation from trend (hot "spot" 
of contamination).  

•                  -  random component is due microinhomogeneity 
deposition, technique and process sampling, error of preparation 
and measurement of the activity of samples. It does not depend on 
the coordinates of the point of sampling.  

• Function             is strictly positive and the our work is considered as 
a                      , where                           – logarithm of 
density deposition. In this multiplicative model              is replaced by 
the additive model : 
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SAMPLING OPTIMIZATION 

• The results of researches conducted by UIAR 
during elimination of consequences of 
catastrophe on ChNPP, concerning basic and 
urgent problem of radioecological monitoring - 
representative sampling of soil, plants and milk, 
and also measurement of samples having an 
essential volumetric heterogeneity (hot 
particles) are generalized. The questions of 
optimum planning of selection representative 
samples for the samples of the soil, plants and 
milk are considered. The methods of account of 
minimum necessary number of samples excerpt 
for an estimation of average of the con-trolled 
quantity with the given relative error are 
offered. 
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UIAR has developed the special standards for  sampling 
ti i ti  



Next major tasks are considered and solved in the 
presented monograph: 

• To estimate statistical performances of radioactive contamination of 
soil, vegetation and transfer factors of radionuclides in a link "soil - 
plant" at the sites with non-gradient contamination. To determine the 
kind of probability distribution of soil, vegetation contamination and 
transfer factors at such sites and to estimate their parameters. 

• To estimate the radius of influence of soil and plants sample and to 
estimate centre to centre distance of sampling, which ensures 
statistical independence of radionuclides contents in samples at site 
with non-gradient contamination; 

• To determine necessary minimum amount of soil, plants, fish and milk 
samples when radioecological monitoring, that are necessary for 
estimation of median ofcontamination of considered objects 
(including their derivatives, for example, radionuclides transfer factors 
from soil to plants) with a specified ratio error.  

• To optimise the milk sampling schedule in the private farms in the 
settlements for estimating annual individual doze of internal exposure 
with a specified ratio error. 

• To construct the nomograms providing practical use of the offered 
procedures for planning soil, plants and milk sampling. 



Book: Khomutinin Y.V. , Kashparov V.A., Zhebrovska K.I. 
SAMPLING OPTIMISATION  

 WHEN RADIOECOLOGICAL MONITORING,  
2002 (Ukr. and Russ) and 2004 (Eng). 

The scheme of the experimental sample sites at the areas with the global radioactive fallouts and 
the basic radiological station of UIAR (137Cs density of contamination).  

Выступающий
Заметки для презентации
The experience of agricultural practice on contaminated territory showed that detailed maps of contamination for each field were necessary rather than averaged data derived from such large scale maps.




Book: Khomutinin Y.V. , Kashparov V.A., Zhebrovska K.I. 
SAMPLING OPTIMISATION  

WHEN RADIOECOLOGICAL MONITORING,  
2002 (Ukr. And Russ) and 2004 (Eng). 

The scheme of the experimental sample sites in the 30-km zone and at the adjacent areas 
(137Cs density of contamination)  



The scheme of soil and plants sampling  

100x100 m 

10x10 m 
1x1 m 

0.2x0.2 m 



Geostatistical image of the 137Cs contamination of the 
experimental site S-P 17 
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Geostatistical image of the 137Cs contamination of the 
experimental site S-P 7  

 

1400 

1800 

2200 

2600 

kBq/m2 

d)  site S-P 72 (137Cs) 

0 

0.0001 

0.0002 

0.0003 

0.0004 

0.0005 

0.0006 

kBq/m 2 

f 

2

2
1

2
1 







 −
−

⋅⋅
= so

soso
s

))Cln(

soso
so e

sC
)C(f

µ

π

• Сso – soil density contamination with the radionuclides; 
• µso – average log of radionuclides density contamination  
of the site; 
• sso – standard deviation of log of radionuclides density  
contamination of the site.  



The influence of density fallouts and sampling 
pitch on standard deviation of log of soil density 

contamination with 137Cs.  
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The relation between standard deviations of log of soil 
density contamination with 137Cs depending on area of 

sampling fuel and condensation traces of fallouts. 
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The influence of the kind of fallouts and some landscape 
particularities on standard deviation of log of soil density 

contamination with 137Cs when sampling square is of S1 = 0.005 m2 

 



Generalised values of standard deviation of log of soil 
density contamination with 137Cs for different 

experimental sites brought to sampling square 0.005 m2 

Conventional 
sign of site 

Type of fallout Land use s5,so Error s5,so 
∆- ∆+ 

S 1 fuel grassland 0.206 0.021 0.026 
S 2 condensate grassland 0.153 0.016 0.020 
S-P3; S 4 fuel fallow 0.294 0.044 0.066 
S 5 fuel woodland 0.331 0.062 0.105 
S 6 fuel fallow 0.380 0.039 0.051 
S-P 7 fuel fallow 0.311 0.046 0.069 
S 8 fuel arable 0.352 0.059 0.094 
S-P 9 fuel woodland 0.222 0.043 0.075 
S 10 fuel fallow 0.443 0.046 0.060 
S-P 11 fuel fallow 0.225 0.052 0.088 
S 12 fuel woodland 0.271 0.052 0.088 
S-P 13 condensate arable 0.274 0.043 0.066 
S 14 fuel grassland 0.385 0.073 0.124 
S-P 15 condensate arable 0.430 0.072 0.115 
S-P 16 condensate Waterless  valley 0.468 0.089 0.149 
S-P 17 condensate arable 0.167 0.028 0.045 
S-P 18 condensate fallow 0.235 

0.204*) 
0.036 
0.029 

0.052 
0.041 

S 19 condensate arable 0.211 
0.20*) 

0.031 
0.030 

0.044 
0.043 

Average value s5,so 0.30 
Standard deviation s5,so 0.09 



Density of 137Cs contamination 
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Forest density 137Cs contamination 

• The standard deviation of log of the soil density 
contamination with 137Cs (condensate) of non-
gradient site in forests (a- pine and b - birch) with 
contamination sites for sampling squares > 0.005 
m2 is evaluated with value 0.34 and 0.32 
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Conclusions 1 

1. The soil contamination density with 137Cs and the specific 
137Cs content in plants on non-gradient with 
contamination sites located on the Chernobyl traces and 
on the global radioactive fallout is satisfactorily 
described with the logarithmically normal law of 
probability distributions; 

2. The standard deviation of log of the soil density 
contamination with 137Cs of non-gradient with 
contamination sites for sampling squares > 0.005 m2 
does not depend on density contamination, type of 
fallout, features of landscape and at first 
approximation with errors of measurement of the 
radionuclide content in sub-samples of soil samples ≤ 
10 % at the level ±2σ is evaluated with value 0.30±0.09  

Выступающий
Заметки для презентации
Differences in the 137Cs activity of soil samples at a distance of several meters can exceed 10 times







Optimization of soil sampling - minimum necessary amount 
of the samples to evaluate the soil contamination density at 

the non-gradient sites 
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Radius of the soil samples influence 

The radionuclide activities in the samples taken at the homogeneously 
contaminated site at the distance more than 1 m between each other in the first 
approximation will be statistically independent values  

site S-P 9
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Radius of soil samples influence 

• Thus, radionuclide content in dot samples (including the samples 
consisting of several located nearby samplings made by a sampler 3.7cm in 
a diameter), selected on non–gradient site on distance (centre–to–centre 
sampling) > 1 m from each other at the sampling area no more than 0.014 
m2, should be considered as statistically independent magnitudes 
(statistically independent samples). 



The experimental distribution of  
radionuclides insoil profile  (1995). 
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In peaty soil  in soddy-podzolic sandy soil 



Distribution of radionuclides down the soil 
profile (%), site 13, sandy, low humus soil, 

1996. 
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Site 13, 1996
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The long-term observations of the vertical migration of 90Sr, 137Cs and 
transuranium elements show that their main activities at the territory 

contaminated as a result of the ChNPP accident are found now in the upper 20 
cm soil layer  

 

-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 

0 
0 10000 20000 30000 

Sr-90, Bq/kg 

d 
e 
p 
t 
h 
, 
m 

 
  
 
 а) 

-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 

0 
0 50000 100000 150000 

Sr-90, Bq/kg 

d 
e 
p 
t 
h 
, 
m 
 
  
 
 b) 

 --1.0 
-0.9 
-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 

0 
0 20000 40000 60000 

Sr-90, Bq/kg 

d 
e 
p 
t 
h 
, 
m 
 
  
 
 

c) 

-0.6 

-0.5 

-0.4 

-0.3 

-0.2 

-0.1 

0 
0 20000 40000 60000 

Sr-90, Bq/kg 

d 
e 
p 
t 
h 
, 
m 
 
  
 
 

d) 

 

0.0 0.2 0.4 0.6 0.8 1.0 -1.1 
-1.0 
-0.9 
-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 
-0.0 

0 
2000 
4000 
6000 
8000 
1000
0 

1200
0 

1400
0 

1600
0 

1800
0 

2000
0 

0.0 0.2 0.4 0.6 0.8 1.0 -1.1 
-1.0 
-0.9 
-0.8 
-0.7 
-0.6 
-0.5 
-0.4 
-0.3 
-0.2 
-0.1 
-0.0 

Bq/kg 

m 

Examples of the 90Sr distribution in the vertical profiles and cross-sections of sandy soils 



Soil sampling parameters 
Sampling depth –30 cm for arable soil and in a few years after the 

accident 

Sampling area ≥50 cm2 

Amount of samples per site – ≥5 
Diameter of sampler – ≥37 mm 
Step between sampling points 5-10 m  

5-10 m 

Ǿ3.7cm, depth – 30 cm 

1997 

2014 

Выступающий
Заметки для презентации
Sampling soil parameters are here.
High density of soil contamination with cesium used measurements of exposure dose rate. 
All contaminated agricultural lands have been found 



Map of the soil sampling sites in the near zone of the 
ChNPP  



Radioactivity measurement in the heterogeneously contaminated 
samples 
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Conclusions - Measurement of samples 

• Amount of sub-samples per site – 3 (100cm3)+1( 1000 cm3) 
• For 137Cs from 4 sup-samples:  (Сmax-Сmin)/(Сav)<15% 
• Relative uncertainties of measurement in samples  
90Sr/137Cs < activity of 90Sr or Pu 

 
• For minimization of the uncertainties all radionuclides activity 

measurements must be performed in the same sample 
 

• U-Zr-O particles represent <20% of activity of radionuclides (90Sr or Pu) in 
the fuel component of Chernobyl fallout 
 
 



Contamination of Ukraine  
 

Выступающий
Заметки для презентации
The territory contamination with 90Sr may be dangerous only in the ChNPP exclusion zone



Statistical performances of plant 
contamination  

 



Statistical performances of plant contamination 

 



Statistical performances of pine wood contamination (Perevolotskii A., 
2013) 

 





Conclusion 2 

• The standard deviation of log of the specific 137Cs 
content in plant samples does not depend on the 
density contamination, type of fallout, type of 
vegetation. At first approximation with sampling 
squares of plants ≤ 1 m2 and ratio error of 
measurement of the 137Cs content in sub-samples 
of vegetative samples ≤ 10 % at the level ±σ is 
estimated with value 0.37±0.11, on the Chernobyl 
traces and on global radioactive fallout  



Radius of vegetative samples influence 

• The following conclusion is possible to draw on the basis of the 
received results: the centre–to–centre distance of plants sampling 
not less than 8-10 m in all cases provides their statistical 
independence of the selected samples on 137Cs content.  



Optimization of plants sampling 
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Statistical characteristics of the transfer factors of 137Cs in a "soil - plant" 

chain (Tf and CR) 



The nomogram to account minimum necessary amount of conjugate 
samples "soil - plant" to evaluate the median of transfer factor with 

prescribed ratio error when sampling and measuring base parameters and 
accuracy if confidential probability is р=0.95. 

 



Conclusion 3 
• the transfer factor of 137Cs into plants is the random variable and it is 

described by the logarithmically normal law of the probability 
distribution;  

• the average quadratic deviation of the log of the transfer factor of 
137Cs in plants does not depend on the density of contamination, the 
type of fall-outs, the kind of vegetation and its various parts; in the 
first approximation when selecting the conjugate "soil - plant" 
samples, when squares of sampling for plants ≤ 1m2 and > 0.005 m2 
for soil and relative error of measurement of the 137Cs content in the 
samples of soil and plants does not exceed 10 % at a level ±σ is 
evaluated by the value 0.49±0.06. 



 



Statistical and temporary performances of milk contamination 
with 137Cs in settlements  

• Annual dynamics of milk contamination with 137Cs in settlements  



Annual dynamics of standard deviation of the log of milk 
contamination with 137Cs in settlements  

 



Уточнить sampling of potato and milk in 
settlements for average internal dose 

estimations 
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Distribution of 137Cs in potato in Yelne village for one family in a village (b) 
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137 Cs activity in milk of the cows of one village from different pastures 



Histograms of milk contamination with 137Cs for the site 
M4 in typical months of stabling and grazing periods 

and their approximation by the logarithmically normal 
law 



Statistical performances of standard deviation 
of the log of 137Cs concentration in milk of PSF 

Characteristics standard deviation of the log of 137Cs 

concentration in milk  

Stabling period Pastoral period 

Average value 0.67 0.56 

Standard deviation 0.19 0.19 



The nomogram to account minimum necessary amount of samples 
to evaluate the median of milk contamination with prescribed ratio 

error in the definite moment of grazing period when р=0.95 and 
δmeas is no more than 15 % at the level ±2σ.  



The nomogram to account minimum necessary amount of milk 
samples, that guarantee the prescribed ratio error to evaluate 
average annual individual doze of an internal exposure when 

sampling twice a year (once in a stabling period and once in a 
grazing period) 

51 



The nomogram to account minimum necessary amount of milk 
samples, that guarantee the prescribed ratio error to evaluate 
annual average individual doze of an internal exposure when 

sampling fourfold a year (twice in stabling period and twice in 
grazing period). 

52 



The nomogram to account minimum necessary amount of milk 
samples, which guarantee the prescribed ratio error, to evaluate 

average annual individual doze of an internal exposure when 
sampling during the year (monthly).  
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Optimization of fish sampling 

0

50

100

150

2009 2010 2011 2012 2013

137Cs, Bq/kg 

year 

pike 

0

10

20

30

40

50

60

70

5 10 15 20 25 30 35 40 45 50

  n
 

relative uncertainty  δ,  % 

Pike

y = 5078x-0.67
R² = 0.54

1

10

100

1000

10000

100000

0.1 1 10 100K+, mg/L

TF
, L

/k
g

Lakes of Belarus, Russia, Ukraine

Lakes of Northern Europe

Reservoirs in Russia, Ukraine

Rivers of Canada, Germany, Ukraine

Baltic Sea



55 



56 

Minimum number of samples required for evaluating the median of the specific 
activity and corresponding accumulation coefficients of 137Cs and 90Sr with desired 

relative error was determined. In order to obtain the median value of the specific 
activity of 137Cs with relative error  = 20 % and confi-dence level of p = 0.95 at the 

time of harvest the following numbers of fish samples should be selected for the 
activity measurement: 16 - 20 samples of pike, perch, sunder, rudd and grass carp; 

10 - 13 samples of catfish, bream, tench, carassius, pelecus cultratus; 8-9 samples of 
bream, roach, carp(common carp), bighead carp; and 5 samples of chub.  



Our institute has developed the special standards for the  Agricultural 
Ministry of Ukraine  



IAEA 
Guidelines on soil and vegetation sampling for radiological 
monitoring purposes 
  
  
U. Barnekov, S. Fesenko, V. Kashparov, G. Kis-Benedek, G. Matissov, 
Yu. Onda, N. Sanzharova, A. Tyler, B. Varga 
 
  FOREWORD 

The IAEA attaches high importance to the dissemination of information that can assist Member States with the 
development, implementation, maintenance and continuous improvement of environmental radiological 
monitoring systems, including the development and implementation of optimized sampling programs for 
radioactivity. In particular, the IAEA TECDOC 1415 “Soil sampling for Environmental Contaminants” was published 
in 2004. However, the document was limited to soil sampling only and did not provided any guidelines for taking 
samples other than of soil. 
Since the publication of the IAEA TECDOC 1415 a number of international documents, such as the ICRU 75 report 
and ISO documents on soil and vegetation sampling were published.  In 2010, the IAEA published Safety Reports 
Series document No. 64 “Programmes and Systems for Source and Environmental Radiation Monitoring”, which 
provides information on practical considerations affecting the design and operation of monitoring programmes 
and systems in accordance with the relevant IAEA Safety Standards. The intended audience includes national 
regulatory bodies and other agencies and organizations involved in the design and operation of source and 
environmental radiation monitoring programmes and systems; and experts involved in the assessments of public 
exposure based on radiological monitoring data. However, practical application of this Safety Report requires 
support from a series of accompanying documents that serve as practical guidelines on sampling programmes for 
soil and vegetation. Therefore, in 2013 the IAEA initiated an update of the IAEA TECDOC 1415 “Soil sampling for 
Environmental Contaminants” extending the scope of the document to include vegetation sampling.  



Дякую за увагу  
Thank you very much for your attention 
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