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Abstract. The transfer of l 3 7 Cs and M S r from soil to cereal grains in various regions in Finland was studied in 1994-
1997. The samples of cereal grains were collected from private farms and combined to represent different soil types 
and regions in Finland. Altogether 318 composite regional samples of rye, wheat, oats and barley were analysed for 
1 3 7 Cs, and 45 for ^Sr. The aggregated transfer factors from the mean regional n 7 C s deposition (kBq m"3) to cereal 
grains were calculated. The soils were classified in three main types: organic, sand and silt, and clay soils. The mean 
transfer factors (m 2 kg"1 (dw)*10'3) of l 3 7 Cs for cereal grains were highest in organic soils ranging from 0.013 to 
0.12, lowest in clay soils, ranging from 0.015 to 0.061, and decreased in the order: oats > rye > barley on wheal. The 
concentrations of Sr were higher in the cereal grains from sand and silt soils than from the clay and organic soils. 
The regional n T C s transfer factors from soil to cereal grains found in this study were compared with data for the nu
clear weapons fallout period and for a few post-Chernobyl years. 

1. INTRODUCTION 

The transfer of l 3 7 C s a n d ^ S r to cereal grains in various regions in Finland was monitored in 1994-1997. 
The contents of radiocaesium and radiostrontium in cereals have been monitored since 1962 yearly in 
Finland by composite samples from major production areas [1-8]. In 1994 - 1995 sampling was intensi
fied by taking samples in addition to the regional samples from private farms with information on the soil 
types of the fields. The transfer of l 3 7 C s , accumulated in soil (kBq m"2) regionally, to rye, wheat, oats and 
barley was estimated for samples from organic, sand and silt, and clay soils. For comparison, data for 
regional surveillance samples were used, classified to correspond to the farm-specific data. 

Soil types in Finland are different in eastern, western and northern production areas. The aim of the 
study was to find regional differences in the transfer of radionuclides. The information on ! 3 7 Cs deposited 
in the production areas was based on monitoring deposited material in the period 1960 - spring 1986, and 
the mobile survey of environmental gamma radiation and fallout levels in Finland after the Chernobyl 
accident[9]. 

2. MATERIAL AND METHODS 

2.1 Sampling and sample treatment 

Our study was based on the samples collected originally by Grain Laboratory in the Plant Production In
spection Centre nation-wide from private farms, altogether 1400 samples. The farmers gave the informa
tion on the associated soil types of the fields. The samples of wheat, rye, oats and barley were taken in 
1994-1995, and in addition rye samples in 1996-1997 to improve the representativeness of various soil 
types and production areas. The soil types given by farmers were: sand, fines and, silt, sandy clay, silty 
clay, clay, humus, mud and peat soils. The samples from private farms were combined according to 
given soil types and categories of 1 3 7 Cs deposition (Figure 1) of the sampling region by taking equal 
amounts of undried samples to form composite samples (Table 1). 
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Figure 1. Chernobyl 1 3 7 Cs deposition in Finland on 1" October 1998, kBq m"2 [9]. 

Table 1. Number of grain samples for soil types (sub samples and analysed composite samples) in 1994 -1997. The three soil 
type categories are given. 

Rye Wheat Oats Barley 
Soil type Sub-

samples 
Composite 
samples 

Sub-
samples 

Composite 
samples 

Sub-
samples 

Composite 
samples 

Sub-
samples 

Composite 
samples 

Sand and silt 
sand 23 17 2 1 8 6 4 2 
fine sand 14 9 6 2 57 12 54 10 
silt 28 14 4 3 23 6 34 8 

Clay 
sandy clay 16 6 35 4 47 9 77 10 
silty clay 68 24 47 5 74 12 151 16 
clay 51 22 81 5 89 12 143 13 

Organic 
humus 8 7 11 4 69 12 48 10 
mud 12 8 - - 52 16 33 11 
peat 5 4 1 1 18 9 10 8 

In addition to the samples from farms with known soil type, 1600 surveillance samples of cereal 
grains with information on the sampling municipality were collected in the main agricultural production 
area in western and southwestern Finland in 1994-1995. These samples were combined according to the 
l 3 7 C s deposition and the predominant field soil type of the municipality [10] grouped in three categories 
(Table 2). 

Table 2. Number of surveillance samples (sub samples and analysed composite samples) in 1994 -1995. 

R y e Wheat Oats Barley 
S o i l type Sub- Composite Sub- Composite Sub- Composite Sub- Composite S o i l type 

samples samples samples samples samples samples samples samples 
Organic - - - - 2 1 - -
Clay 70 10 646 41 138 17 262 25 
Sand 23 17 2 1 8 6 4 2 

The composite samples were dried in an oven at 105°C for the detenmnahon of the dry matter con
tents, and ashed at 400°C before analysing of 1 3 7 Cs and 9 0 Sr. 



ECORAD 2001 Cl-511 

2.2 Sample analysis 

2.2.1 Gamma-spectrometric analyses 

The ashed composite samples were analysed for , 3 7 C s with low-background high-resolution gamma spec
trometers in cylindrical beakers with a volume of 0.03 dm 3 and a 42 mm diameter on top of the detector. 
The germanium detectors are placed in cylindrical background shields, the 12-14 cm thick lead walls of 
which are covered inside with cadmium (1 mm) and copper (0.5 mm) to reduce the effect of x-rays. The 
measuring times were 16 hours. The activity concentrations of the samples were calculated using the 
GAMMA-83 computer code developed at STUK. [11-12]. 

2.2.2 Determination of radios trontium 

For radiostrontium, determination the ashed samples were dissolved in hydrochloric acid. The insoluble 
residue was dissolved using a sodium carbonate fuse and added to the acid solution. 

Two methods were used to separate radiostrontium with Sr-carrier. One method was a slightly modi
fied method [13], applied at STUK for vegetation samples where the separation is based on successive 
precipitations. The essential steps separating strontium from calcium were nitrate precipitations with fum
ing nitric acid. The other method was an extraction chromatographic method [14], modified for vegeta
tion samples, where Eichrom resin was used to separate strontium. After separating strontium it was pre
cipitated as carbonate. The precipitate was dissolved in HC1, and the sample divided into fractions used 
for yield determination with AAS and measurement of w S r activity with a low-background liquid scintil
lation spectrometer. 

2.3 Data t reatment 

The transfer coefficient (Bq kg"1 dw / kBq m"2) from mean regional , 3 7 C s deposition (kBq m"2) to cereal 
grains was calculated for 229 composite samples. For analysing the transfer ratio data were grouped ac
cording to the soil types of the samples into three categories: clay, sand and silt, and organic soils. Sand, 
fine sand and silt were included in sandy soils, sandy clay, silty clay and clay in clay soils, and humus, 
mud and peat in organic soils. The medians and upper and lower quartiles of the transfer ratios were de
termined for rye, wheat, oats and barley in clay, sand and silt, and organic soils. 

Transfer ratios were calculated also for the surveillance data of cereal grains from the years 1980-
1995. The transfer ratio data from this study and from surveillance programs were grouped in three soil 
type. The area of Finland was divided in three regions according to predominant soil types of cultivated 
fields: clay, sand and silt, and organic (Figure 2). The characteristics of the fields of these regions are gi
ven in Table 3. 

Table 3. Characteristics of Finnish cultivated soils in 1994-1995 devised in three categories according to predominant soil type 
of the region. 

Area Predominating soil 
type 

PH Ca 
mg/1 

K 
mg/1 

Southern and south
western coast (1) 

clay 
(40-70 %) 

>5.9 >21O0 150-220 

Central and eastern (2) sand 
(> 80 %, clay < 5 %) 

5.8-5.9 1300-1700 110-150 

Northern (3) organ 
(>30%) 

<5 .8 1300-1400 104-135 
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Figure 2. Division of Finland in three regions according to predominant types of cultivated soils. 

3. R E S U L T S AND DISCUSSION 

The transfer ratios of 1 3 7 C s from soil to cereal grains were highest in organic soils for oats, rye and barley, 
and lowest in clay soils (Table 4). The uptake of , 3 7 C s decreased in the samples from the same sampling 
areas in the order: oats > rye > barley, wheat. The transfer ratios of rye and oats showed greater variation 
than those of barley and wheat. This may reflect greater variability in growing conditions of rye and oats. 

Table 4. Transfer ratios of I J 7 Cs from deposit to cereal grains (Bq kg"1 dw / kBq m'2). Median and range = difference between 
the upper and lower quartiles, N = number of analysed samples. 

Clay Sand and silt Organic 
Barley 0.018; 0.014-0.025 (N-37) 0.028; 0.015-0.070 (N-18) 0.040; 0.024-O.063 (N"28) 
Oats 0.061; 0.038-0.093 (N=33) 0.10; 0.067-0.15 (N-23) 0.12; 0.068-0.41 (N=37) 
Rye 0.015; 0.009-0.020 (N=46) 0.028; 0 .015*046 (N=37) 0.072; 0.045-0.20 (N=19) 
Wheal 0.015; 0.013-0.020 (N=11) 0.03UO.023-O.068 (N=6) 0.013; 0.011-0.016 (N=5) 

The data of transfer ratios for the surveillance data in 1994-1995 showed reasonably well the same pattern 
obtained for the data with known soil types (Figure 3). The data of transfer ratios of 1 3 7 Cs from deposit to 
cereal grains (Bq kg"1 dw / kBq m' 2 ) representing three regions: 1 (clay), 2 (sand and silt) and 3 (organic) 
are given in Figure 4, include both the surveillarice data [2-8] (1980-1995), and the results of this study 
(1994-1997). 

Figure 3. The medians of transfer ratios of the surveillance data and the data with known soil type (Bq kg '/kBq in"2). Number 
of analysed samples is given. 
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Figure 4. Transfer ratios of Cs from deposit to cereal grains (Bq kg"1 dw J kBq m"z). Combined surveillance data from 1 
1995, and the farm-specific results of this study (1994-1997). 

The concentrations of 9 0 S r were higher in the cereal grains from sand and silt soils than from the clay and 
organic soils, and decreased by cereal type in the order: oats > barley > rye > wheat in all soils from the 
same sampling regions (Table 5). The variation in 9 0 Sr concentrations includes also the regional variation 
of 9 0 Sr deposition in Finland. The 9 0 Sr results of this study were consistent with the findings of Paasikallio 
et al [15-18], which showed that increasing organic matter content and increasing clay content decreased 
the uptake of radiostrontium by plants. The 9 0 Sr concentrations in cereal grains were lower in the regions 
of increasing soil pH and increasing content of exchangeable Ca. The ratio 9 0 S r / l 3 7 C s was higher in sam
ples from clay and sand soils than from organic soils in same areas reflecting the caesium-binding capac
ity of clay soils [15-18]. 

Table 5. "'Sr Bqkg"1 in Finnish cereal grains in 1994-1995, median and range (number of samples given in parenthesis). 

Clay Sand and silt Organic 
Barley 0.31,0.33 (N=2) 0.40, 0.55 (N=2) 0.29, 0.63 (N=2) 
Oats 0.42; 0.25-0.61 (N-6) 0.49; 0.28-1.6 (N=5) 0.39; 0.23-0.47 (N-6) 
Rye 0.19; 0.12-0.30 (N-4) 0.41, 0.42 (N-2) 0.19; 0.11-0.25 (N=3) 
Wheat 0.14; 0.11-0.76 (N-4) 0.32, 0,53 (N=2) 0.08; 0.039-0.085 (N-3) 

This study resulted in distributions of transfer parameters for 1 3 7 Cs , which represent real production 
conditions. The regional surveillance data gives reasonably well the l 3 7 C s concentration levels when site-
specific information is not available. 
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