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ABSTRACT 

The distribution of the naturally occuring 
radionuclides uranium, thorium and radium in 
soil, plant material and drainage water was 
evaluated. The plant/soil concentration factors 
showed that very small fractions of the nuclides 
were available for the plants. The water/soil 
concentration factors were calculated; the 
nuclide content in drainage water generally 
indicated very low leaching rates. The distribu
tion of the radionuclides was utilized with the 
aim to obtain reliable concentration factors 
which in turn could be used to calculate the 
transfer of nuclides within the agricultural 
ecosystem. Dose calculations were performed 
using plant/soil concentration factors based on 
geometric mean values. 
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1 INTRODUCTION 

The dator code BIOPATH has been used to simulate 
the dynamic exchange of radionuclides within the 
biosphere /1/. Generally, these elements were 
assumed to reach the soil surface from a reposi
tory by the circulation of contaminated ground
water. Earlier calculations /2/ showed that a 
large part of the calculated total dose contribu
tion to the critical group was derived from 
radium and uranium which entered the soil-plant 
food pathway. However, the reliability of the 
dose calculations was dependent upon the model 
design with regard to exposure pathways, selec
tion of data and the introduction of approxima
tions. The turnover rates of elements within the 
soil compartment and their subsequent transport 
to the crops and pasture were assessed using 
data obtained in other countries. Data valid for 
Swedish conditions concerning the exchange 
between water, soil and plant material and its 
dependence upon environmental factors were thus 
urgently needed. 

The transport and accumulation of naturally 
occurring radionuclides in soil and plant 
material have been studied by the Department of 
Radioecology, the Swedish University of Agricul
tural Sciences /3/. At 37 sites on agricultural 
lands in and around the uranium mineralization 
at Ranstad, western Sweden, the inventories of 
uranium, thorium and radium in soils and crops 
were analyzed. The chemical and physical charac
teristics of the soils were determined with the 
purpose to investigate the variation of natural 
occurring nuclides in soils and crops and their 
correlation with local soil characteristics. The 
relationship between crop uptake and soil 
factors was also investigated. 
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In order to expand the investigation to comprise 
the distribution of radionuclides between soil 
and drainage water, a study was performed in 
cooperation with the Environmental Division at 
the Swedish University of Agricultural Sciences. 
Sampling and analysis of soil and drainage water 
from 16 research fields located in different 
parts of the country and sampling and analysis 
of growing and mature crops from 9 of these 
fields were carried out. 

The objectives with this investigation was to 
study the relationship between nuclide contents 
in soil, drainage water and crops, with respect 
to soil factors. The distribution of naturally 
occurring radionuclides was utilized to obtain 
reliable concentration factors which in turn 
were used to calculate the transfer of nuclides 
within the agricultural ecosystem. 

2 TRANSPORT OF RADIONUCLIDES IN SOIL AND 
CROPS 

The principal processes that influence the 
transfer of radionuclides in the terrestrial 
food chain to man are 

migration in soil 

transfer to plants 

The relative importance of the different exposure 
pathways to plant material - deposition on the 
leaves, resuspension and root uptake - varies 
depending on the specific radionuclide species 
and in which manner the contamination occurs. 

2.1 Deposition 

Considering a situation of continuous deposition 
of activity from the atmosphere, foliar intercep-
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tion and retention are generally the dominant 

source of contamination of plant material /4, 

5/. The values of 25 % for the interception 

factor and 14 days for the removal half-life 

appear to be a well-validated general value, 

considering a pasture yield of 0.1 kg m- 2 (dry 

wt) /5/. Values suggested for leafy green 

vegetables and grain are given in Table 1. 

2.2 Re suspension 

6 

The significance of this mechanism is greater 

for leafy plants which grow close to the soil 
surface. However, to quantitatively assess the 
contribution of this process to the total 

contamination of plants is difficult. 0.01 % of 

the dry grain weight is taken to be a typical 
quantity of soil on grain in U.K. /6/. However, 

the values can only be used to indicate the 

relative importance of this exposure pathway 

compared to deposition and root uptake. 

2.3 Root uptake 

Downward migration in soil is one of the principal 
mechanisms determining the time dependence of 

the uptake of long-lived radionuclides into 

plant material following the deposition of 

activity onto land. For most radionuclides, 

uptake by roots is assumed to be secondary in 

importance during conditions of continuous 

deposition. However, for long-lived nuclides 

that are absorbed from soil to a significant 

extent, e.g. Sr-90, Tc-99 and I-129, uptake by 
roots could dominate even during conditions of 

direct deposition when a sufficient buildup of 

activity in soil has occurred. Migration of 

radionuclides is also influenced by farming 
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activities that disturb the soil profile, which 

may enhance the root uptake pathway. 

As sufficient data are lacking for the majority 

of elements with regard to the transfer between 

soil and different plant species, the transfer 

parameters have to be assumed independent of 

plant type. Data on uptake by roots tend to be 

in the form of concentration factors between 

plants and soil (Bq kg-l plant material/Bq kg-l 

soil) or transport coefficients (m2 kg- 1 ). The 

transport coefficient gives that fraction of the 

activity per m2 soil which is recovered in one 

kg of plant material. 

3 

3.1 

INVESTIGATIONS BY THE DEPARTMENT OF 

RADIOECOLOGY 

Area description 

The 37 different sites used in the investigation 

by Eriksson and Fredriksson are described 

earlier /3/. Generally, the sampling surfaces 

constituted agricultural soils of different 

composition with regard to amounts of clay, 

organic matter and pH. 

3.2 Sampling and sample treatment 

In the investigation performed by Eriksson and 

Fredriksson /3/, sampling surfaces of 50 m2 each 

were selected at every sampling locality. During 

the autumn 1979 samples of the top-soil (0-25 

cm) and the sub-soil (25-50 cm) were collected, 

and during the summer 1980 samples of growing 

crops were collected from the same localities. 

The contents of U-238, U-234, Th-230, Th-232 and 

Ra-226 were determined in crops and soils. Total 
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uranium in soils was determined by the delayed 

neutron technique, Th-232 and Ra-226 by radon 
emanation and gamma spectrometry. However, in 

soil, some fraction of the nuclides will be in 
the soil solution and easily available to plant 
roots while another fraction will be adsorbed 

onto surfaces and less available, with a third 

fraction incorporated in mineral structures and 
completely unavailable. In order to determine 

the accessibility of the nuclides by the plants, 
compared to the total radionuclide inventory of 
the soil, the soil samples were treated with 

different extraction agents. Uranium and thorium 
in soil extracted with hot 2 M HCl - which 
should release the amounts available during a 
longer time interval - and in plant material was 
determined by radiochemical separation and 
alphaspectrometry. Uranium and thorium extracted 

with ammonium oxalate - which should release the 
amounts of uranium and thorium from the soil 

which are readily available to the plants - was 
determined with similar technique. For radium, a 
solution of ammonium lactate and acetic acid 

(AL) was used as a soil extraction agent. Radium 
extracted from soil and in plant material was 

determined by a technique of radon emanation, 

absorption of radon inn-hexane and sampling of 
the hexane fraction after two weeks for liquid 

scintillation measurement of radon and daughters 

in equilibrium /3/. 

3.3 Results 

The results referred to below are mainly those 

derived by Eriksson and Fredriksson /3/ for the 
investigated 37 sites in SW Sweden. 
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3.3.1 Soil characteristics and radionuclide 

concentrations ----------------------------------------------
The average contents of naturally occurring 

nuclides in the soil from two different depth 

layers are displayed in Table 2. Extraction with 

hot HCl will remove about 45 % of the total 

activity content of U-238 and 25 % of Th-232, on 

the average. For Ra-226, about 30 % of the total 

amount is extracted with ammonium lactate and 

acetic acid. 

The soil characteristics will greatly influence 

the solubility of the radionuclides. The primary 

soil factors are the clay content and the amount 

of organic matter, while the concentration of 

phosphorous and the pH-level in the soil may be 

regarded as secondary characteristics. The 

content of colloids will enhance the capacity of 

the soil to retain radionuclides. In bedrock 

deposits, the highest concentrations of the 

naturally occurring radioactive compounds are 

found in shales with origin from clay minerals. 

It can be assumed that the ion-exchange capacity 

of clay together with a simultaneous sedimentation 

of mineral particles containing uranium and 

thorium will cause the elevated activity concentra

tions found, compared to other soil types. 

Eriksson and Fredriksson /3/ showed that there 

existed a certain connection between the measured 

uranium- and thorium concentrations and the 

contents of clay and organic matter in the soil. 

The concentration of Th-232 in the soil was 

strongly correlated to the clay content. For 

both Th-230 and Th-232, the connection between 

nuclide concentration and content of organic 

matter was weak, while it for uranium was 

strong. The difference between the behaviour of 



NW3ASG 

10 

uranium and thorium was explained by the higher 
solubility of the former nuclide. The 

HCl-soluble fractions of U-238 and U-234 showed 
a better correlation to the concentrations of 
clay and organic matter than the total contents 
of these two elements. This may be explained by 
the ion-exchange capacity of the soil. 

The correlation between the total contents of 

Ra-226 and U-238 was strong; the soil charac
teristics contributed very little to the varia

tion of the total activity content of radium. 

However, a strong tendency of pH to influence 
the amount of soluble radium in the soil was 
found. Treatment with ammonium lactate and 

acetic acid (AL) was supposed to release the 

fraction of radium that was readily available to 
the plants. At an increased pH, the ratio of 

RaAL/Ratotal decreased, and vice versa. This 
will imply an increased solubility of radium 

when pH is lowered. At the same time the 

fraction of soluble calcium may decrease. Thus, 
an increased acidification of the environment 

will cause a skewed Ra/Ca ratio and will imply 

an increased transport of radium to the crops. 

The activity contents of uranium and radium in 

the soil mostly showed a lack of equilibrium. 

This skewed Ra-226/U-238 ratio may be due to 

differences in the transport downwards of 

uranium, thorium and radium caused by the 

physical and chemical properties of the soil. 

Clay and organic matter will decrease the 

transport of uranium relatively to that of 
radium. A high pH value, on the other hand, will 
enhance the transport of uranium, probably as 

carbonate complexes. 
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3.3.2 Radionuclide concentrations in plant 

material 

11 

The activity contents and variation of 40 crops 

are viewed in Table 3. The fraction of the 

nuclides in the soil which are available to the 

crops are assumed to be very small, and are 

coupled to other more or less soluble fractions 

in a complicated manner.The correlation between 

plant uptake of thorium and soil characteristics 

was shown to be insignificant /3/. 

In the case of uranium, a certain connection was 

shown between plant uptake and soil 

characteristics. The uptake seemed to be 

dependent on the calcium content of the plant 

and the pH of the soil. An increased calcium 

content - that is, an increased uptake of 

minerals - will decrease the uptake of uranium, 

while an increased pH will cause an increased 

uptake of this radionuclide species by the 

plant. This dependence upon pH will suggest that 

the uptake of uranium by the plant occurs from a 

fraction bound as carbonate or silicate 

complexes. These fractions will increase when pH 

increases. 

The inventory of radium in the plant material 

was related both to the radium content of the 

soil and to the uptake of calcium, since these 

two elements have similar chemical properties. 

The fraction of soluble radium in the soil was 

also affected by the pH. A positive correlation 

was found between the Ra/Ca-ratio of the plant 

and that of the soil. An increased pH however 

reduced the uptake rate. 

The average concentration factors between plant 

and soil, using the total activity of the soil 
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(Table 4) and that extractable with HCl, demonst
rates that very small fractions of the nuclides 
were available for the plants. 

4 INVESTIGATIONS AT THE RESEARCH FIELDS 

4.1 Area description 

The locations and dominant soil types of the 16 
research fields run by the Environmental Division 
are viewed in Fig 1. Other characteristics of 
the fields are described elsewhere /7/. 

4.2 Sampling and sample treatment 

During autumn 1980, water and soil samples were 
collected from the 16 experimental fields. 
Within each of the fields, 5 soil profiles 

containing 3 different depth levels (0-30, 

30-60, and 60-90 cm) were collected. The 5 

samples of each depth level were then combined 
into one. Water samples were collected also in 

spring 1981. During the summer 1981, growing 

crops were collected, and in the autumn the same 
year samples of mature crops were collected from 

9 of the fields. 

The samples were treated in a similar way as 

those of the Ranstad investigation /3/. 

4.3 Results 

The primary data for the research fields 

regarding field locaties, soil characteristics 

and activity concentrations in soil water and 

crops are viewed in Fig 1' and Tables 5-15. 

The two fields no 1 and 2 in the northern part 

of Sweden, have subsoils with low pH-values 
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which further decrease with increasing depth 

(Table 5). For most of the other fields the 

pH-values increase with the depth in the soil 

profile. Plant available phosphorus and potassium, 

as indicated by the PAL- and KAL- values in 

Tables 6a and 6b respectively, shows in some 

cases an enrichment in the plough layer due to 

fertilization and cultivation during a long 

time. PAL thus indicates enrichment on fields 

no 6, 7, 8, 11, 12, 15 and 16; KAL on fields 

no 1, 3, 6, 11, 14 and 15. KHCl is an indicator 

on the clay content and Table 6b shows that soil 

profiles homogenous with regard to clay, silt 

and sand down to 90 cm depth are rare. The 

composition of the surface soil layers varies 

with depth depending on the glacial and post 

glacial geology. Generally the clay content 

increases with the depth. However, the soil 

profiles are rather homogenous in fields no 3, 

13, 15 and 16 with low clay contents, and in 

fields no 4, 6, 8 and 12 with high clay contents. 

Also the concentrations of extractable Ca and Ra 

in the soil vary with soil depth (Table 5 and 

7). To some extent this may depend on leaching 

and to some extent on the clay content, as 

indicated by KHCl (Table 6b). The clay content 

also influences the concentration of uranium and 

thorium in the soil. 

The relationships between radionuclide concentra

tions in water, soil and crops were calculated 

by means of linear regression analysis. 

4.3.1 Water 1980 - water 1981 

Water samples were collected from 8 fields in 

autumn 1980 and in spring 1981. For U-238 and 

U-234 consistent values were obtained (r = 0.95 
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and r = 0.90, respectively, cf. Table 16). For 
Th-230 and Th-232, low correlations were found 
for the two sampling occasions (r = 0.35 and r = 
0.30, respectively), demonstrating that the 
content of thorium was variable as well as low. 

4.3.2 Soil 1980 - water 1980 -------------------------------
The relationship between radionuclide content in 
water and soil for the different research fields 
are viewed in table 17. For U-238 and U-234 the 
relation between soil and water showed an 
increased correlation for the different 
extraction treatments in the following order: 
arnrn. ox. > cold HCl > hot HCl. For the two Th 
nuclides, no correlation was obtained for any of 
the extraction treatments. 

4.3.3 Soil and water 1980 - growing crops 
1981 --------------------------------------------

The correlation between the uranium content in 
soil and that of growing crop, as evaluated by 
the oxalate extraction, was comparatively high 
for such contexts (r = 0.7-0.8). The direct 
relationship between nuclide contents in soil 
and crop with regard to thorium and radium was 
weaker. The relationship between the uranium in 
water and that in the crops was also weak (Table 
18) • 

A comparatively strong correlation between 
radionuclide content in soil and growing crops 
was found for U whereas no such relationship was 
found for Th and Ra (Table 18). The correlation 
between the nuclide contents in water and crops 
was weaker. 
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4.3.4 ____ Soil_and_water_1980_-_mature_croes_1981 

The mature crops were divided into vegetative 

and reproductive parts. For neither the soil-crop 
and water-crop systems, nor the vegetative or 

for the reproductive parts high correlations 
were found (Table 19). 

The relative changes of the radionuclide concent
rations from growing to mature crops are viewed 
in Table 20. 

The changes seem to be dramatic on some locations 
and most certainly reflect the expansion of the 
root systems with the time into deeper horizons. 
Here the plant availability of the nuclides due 
to chemical conditions and concentrations differ 
from that in the shallow soil layers. The 

changes are thus partly due to root uptake from 
the deeper layers analyzed and partly due to 

layers below 90 cm depth. 

To sum up, direct and simple relationships 

between the contents of U, Th or Ra in soil, 

water or crops from the research fields could 

not be established. Other characteristics such 
as the type of soil, pH and soil constituents 

may influence the distribution and transfer of 

the radionuclides. For Th, the solubility is 

probably dependent on the amount of organic 
acids present in the soil. Quotients between the 

quantities of radionuclides released with 
different extraction agents deviated considerably 

indicating a strong influence of soil characteris
tics on the degree of radionuclide solubility 

for different soil types. For U-238, the hot 
HCl/amm. ox. quotient decreased in the following 

sequence 
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sand> clay> till 

while for Th 

clay> till> sand. 

4.3.5 Concentration factors (C) 
------------------------------ f 

16 

The plant/soil concentration factors (Bq kg-l 
crop/Bq kg-l soil, dry wt) obtained for the 

different nuclides are displayed in Table 21-23. 
For Ra, the factor was about one order of 

magnitude higher than for U and Th. The calculated 
concentration factors for the mature crops and 
soils, based on dry weights, were used as 
transfer factors in the BIOPATH code. The 
plant/soil concentration factors were assumed to 
be in steady state. The Cf values obtained for 
the research fields, by Eriksson and Fredriksson 
/3/ and those used in the KBS-100 study /2/, are 
shown in Table 24. The soils from SW Sweden 
generally are less fertile and contain low 

amounts of calcium. The Cf values obtained 
from these fields are thus supposed to be less 
representative than those generated from the 

research fields, which are evenly distributed 
over the country. 

For comparison, the Cf values from the research 
fields are calculated as arithmetic means. For 

u, the Cf value was raised a factor 6-7. For Th 
and Ra, the corresponding values were raised a 
factor 2 at the most for Th and a factor 13-120 

for Ra. 

However, when trying to find a cf value of 
general applicability for Swedish soils, it 

might not be correct to use the arithmetic 

means. In order to examine which type of distri
bution the data obeyed, the Cf values for U-238 
were plotted on lognormality probability paper 
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(Fig. 2). A straight line could reasonably fit 
the plotted data, which revealed a lognormal 
distribution. Thus, assuming lognormality for 
all nuclides, the data were logtransformed to 
produce a normal distribution having a mean 
value n and a standard deviation a. 

µ = 

a = 

where 

n 

2 z: (ln X.) 
i l. 

n - 1 

X n 

0: 
i 

ln xi) 
2 

n 

ln xi = logarithm of i:th observation 

n = number of observations 

17 

The geometric mean value for the various radio
nuclides was assumed to give a more reliable Cf 
value. The geometric mean values with their 
geometric standard deviations are shown in 
Table 25. 

The water/soil concentration factors were 
calculated for the five radionuclides 
(Table 26). The nuclide content in drainage 
water generally indicated very low leaching 
rates of the naturally occur'ing nuclides. For 
Th, the leaching rate varied between <2-33 mBq 
-1 - -1 1 (x = 7 mBq 1 ) . For Ra, the values 

given were based on small samples and probably 
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overestimate the Ra-content. U showed a highly 

variable leaching rate with values ranging from 
-1 - -1 4 to 295 mBq 1 (x = 93 mBq 1 ) . For U, 

the water/soil concentration factors were 

strongly pH-dependant (Fig. 3). In most cases 

the leaching rate of U was low at pH 6-7 but 

increased considerably above that range. The 

water/soil Cf values, calculated as geometric 

means, are shown in Table 27. 

4.3.6 ____ Transeort_coefficients (Tc) 

In order to assess the fraction of activity that 

was bound in the crop, transport coefficients 

were calculated of the form 

-2 soil weight m 

Assuming a soil depth of 0.5 m, an average soil 
-2 weight of 650 kg m were used. The transport 

coefficients for harvested crops are displayed 

in Table 28. The values are comparable to those 

by Eriksson and Fredriksson /3/. 

5 DOSE CONTRIBUTIONS FROM CONTAMINATED 

CROPS AND PASTURE 

Radionuclides may reach the human populations 

directly through consumption of contaminated 

crops and indirectly through consumption of meat 

and milk produced by cattle stocks which use 

contaminated pasture as food. The diet of an 

individual is derived from a wide range of 

products, each representing ·a separate pathway 

for the transfer of elements through the environ

ment. For simplicity in modelling, the major 

foodstuffs of vegetable origin have been grouped 
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into a limited number of categories, viz. green 

vegetables, root vegetables and cereals. 

5.1 Dose equations 

BIOPATH calculates the dose contribution to 

human individuals and populations from ingested 

cereals/root vegetables as follows: 

contribution from root uptake 

activity concentration in soil x 

concentration factor for cereals/root 

vegetables-soil 

where the concentration factor is specified for 

each nuclide.The obtained value is multiplied 

with the early consumption of cereals/root 

vegetables and the dose factor for the nuclide, 

which will give the dose rate expressed as Sv 
-1 yr 

For green vegetables, several uptake routes are 

considered: 

contribution from root uptake 

activity concentration in soil x 

concentration factor for vegetables

soil 

contribution from deposition 

activity concentration in air x deposi

tion velocity x the fraction of the 

activity that is retained on the leaves 

x average residence time on the leaves 

x the yield of the crop per m2 
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contribution from irrigation 

activity concentration in irrigation 
water x amount of water x the fraction 
of the activity that is retained on the 
leaves x average residence time on the 
leaves x the yield of the crop per m2 . 

The sum of these contributions is multiplied 
with the annual consumption of vegetables and 
the dose factor for the nuclide, and gives the 
dose rate expressed as Sv 

-1 (Sv Bq ) used is the sum 

-1 yr • The dose factor 

of the ICRP's weighted 
committed organ dose equivalents. 

The deposition velocity is expressed in m day-1 . 
75 % of the deposited activity is supposed to be 
retained on the leaves /5/. 

The average residence time of deposited activity 
on the leaves is calculated as 

where 
1n 2 

A = and T½ = 14 days /5/. 

Grazing animals are usually considered important 
in the transfer of activity to man because of 
the large surface area of pasture from which 
they obtain their food. The transfer of vegetation
bound activity to meat and milk may occur 
through the following pathways: 

root uptake and subsequent grazing 
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deposition on the pasture and sub

sequent grazing. 
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The resulting dose calculations are formulated: 
activity concentration in soil x concentration 
factor for pasture-soil x daily consumtion rate 
and activity concentration in air x deposition 
rate x the fraction that is retained on the 
leaves x average residence time on the leaves x 
the yield of the pasture per m2 x daily 
consumtion rate by the animal, respectively. 

The sum of these contributions is multiplied 

with 

a distribution factor that gives the 

relation between the activity concentra
tion in 1 kg of meat or milk, and the 

daily intake of activity by the animal 

the yearly consumtion of meat or milk 

the dose factor for the nuclide which 

will give the dose rate, expressed as 
-1 Sv yr • 

The ratio between the activity concentration for 
the parent nuclide in 1 litre of milk or 1 kg of 
meat and the daily amount of activity ingested 

by a cow can be expressed as 

-1 
-1 Bq 1 = day 1 

Bq day 
-1 

Besides, the cow's consu~pti,on of contaminated 

water may further contribute to the total dose 
burden from meat and milk. Inadvertent consumption 
of soil together with grass by grazing animals 
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in another pathway that may be important. In the 
U.K., soil consumtion is estimated to be about 4 
% of the dry matter intake for cattle /6/. In 
the absence of direct deposition, soil intake 
could contribute to the activity in meat and 
dairy products for several of the long-lived 
radionuclides. 

5.2 Dose calculations 

In order to evaluate the radiological consequences 
for man when using the Cf factors obtained in 
this study compared to those used in earlier 
investigations (2), a test was performed with 
the BIOPATH code. 

-1 A continous release of 1 Bq yr of uranium, 
radium and thorium, respectively, into the 

Finnsjo area was simulated for a time period of 
1 • 10 5 yr. Using the well case, the annual 
individual dose contribution from the intake of 
cereals was calculated (Table 29). 

For both U-234 and U-238, the annual individual 
doses derived from the consumption of cereals 

were reduced to about 60 % of those earlier 
calculated. This pathway became equally important 
as the consumption of milk, after the water and 
meat consumption routes. The total internal dose 
was reduced with 2-3 %, compared to earlier 

calculations. 

For Ra-226, on the other hand, the annual 

individual dose rate was enhanced by a factor 30 
for the cereal consumption pathway. The contribu
tion of this pathway to the total internal dose 

increased from 0.5 to 14 %, which made this 

route the 3rd most important after the consumption 
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of water and milk. However, the total internal 

dose was increased only by a factor 1.2. 

23 

For the two thorium nuclides, the annual individual 
doses derived from the cereal pathway decreased 
to around 10 % of that formerly calculated. From 
being a dominant contributor with 58 % to the 

total dose, this route was reduced to 17 %, 

passed by the intake of water and rootfruits. 

6 CONCLUSIONS 

The transfer of radionuclides through the 
terrestrial food web is complex; e.g. soil-to-plant 
concentration factors are extremely variable, 

which limits the usefulness of a single concen
tration factor to predict the uptake of a 

radionuclide species into crops from soil. The 

large uncertainty associated when predicting the 
uptake of radionuclides by plants may be reduced 
by considering the dominant crops and the soil 

types that are generally abundant in boreal 

areas. 

The variations of the Cf values reflects the 

availability of the elements to be taken up by 

different crops. Very high U and Th uptakes were 
found in sugarbeet tops, compared to the rest of 

the investigated crops from the research fields. 

The Cf values for this crop was about 100 times 
that of barley in the same field. 

The uptake of Ra, Th and U by the plants could 

be ranked in the decreasing order Ra> U > Th. 
This is in confirmity with the findings by 

Verkhovskaja et al /8/, who also stated, that 

the Ra content in plants in the autumn was 
several hundred times greater than in the 
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spring. However, such a large increase was not 
observed in our material. 

24 

The migration of Ra in soil should be briefly 
discussed. In soils most of the Ra is strongly 
sorbed. High ca2+ concentrations causes Ra to be 
more permanently fixed to the soil, thus reducing 
the amount of exchangeable Ra and decreasing the 
amount available for plant uptake. However, 
although Ra absorption by plants is inversely 
proportional to the amount of alkaline earth 
elements present in mobile forms, Kirchmann et 
al /10/ found no relationship between the two 
ions. The reduction of Ra uptake was strongly 
dependant on the pH of the solution, which is 
influenced by the Ca concentration. Rusanova /9/ 
indicated that the most rapid desorption of Ra 
took place at pH 3 and that as the pH increased, 
desorption decreased. Thus, the migration of Ra 

2+ in soils appears to depend on the Ca concen-
tration only in an indirect manner. The frac
tions of Ca and Ra leached from the research 
fields showed that the loss of Ca was 5-350 
times higher than that of Ra /12/. This will 
probably result in an increasing Ra/Ca ratio in 
that part of the soil profile which is available 
for plant nutrient uptake. 
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Table 1 Interception and retention parameters for leafy 
green vegetables and grain. From /11/ 

Crop kg m (dry wt)* Interception Removal half-
factor* life (days)*** 

Leafy green 
vegetables 0.2 0.3 14 

Grain 0.4 0.005** 30 

* Parameter values are interrelated because of methods 
for derivation. 

** Value relates to interception by grain seed, not the 
whole plant 

*** These values are not recommended for Pu. 

Table 2 Average contents of naturally occuring nuclides in the 
soil from 0 - 30 cm and 30 - 60 cm depth, respectively, 
expressed as X = SD (Bq kg-1 dry wt). Redrawn from /3/. 

Total_activity,_Bg_kg- 1 

U-238 

Th-232 

Ra-226 

Extraction with hot HCl, 
B k - 1 _g __ g __________________ _ 

U-238 

U-234 

Th-230 

Th-232 

Depth 0 - 25 cm 

69.9 :!: 57.2 
+ 34.2 21.1 

82.1 :!: 96.2 

33.4 + 28.3 -
34.5 + 27.4 -
9.3 + 1 6 . 1 -
6.6 

+ 
10.4 -

Extraction with ammonium lactate, 
and_acetic_acid_(AL) ,_Bg_kg-1 __ 

Ra-226 + 18.3 10.9 

Depth 25 - 50cm 

72.3 :!: 61.6 

40.1 :!: 27.2 

73.7 :!:100.6 

34.9 
+ - 32.0 

35.9 + 32.4 -
15.7 + 1 5. 9 -
11 . 4 

+ 
11 . 9 -

1 9. 1 
+ 1 2. 1 



Table 3 

Nuclide 

U-238 

U-234 

Th-230 

Th-232 

Ra-226 

Table 4 

Nuclide 

Ra-226 

U-238 

Th-232 

Ra-226 

U-238 

Th=230 

Th-232 

Activity contents an~ variation of 40 crops, 
expressed as rnBq kg- (dry wt) • From /3/. 

Activity content, rnBq kg-1 

x X min - X max 

170 (30 - 1310) 

226 (60 - 1540) 

148 (40 - 1680) 

97 (20 - 40) 

1250 (330 - 5070) 

The average concentration factor for 40 crops 
and soils, using total activity concentrations 
and extractable activity concentrations of the 
soil, respectively. From /3/. 

Activity content 
in soil 

total amount 
II 

II 

extractable amount 
II 

II 

II 

Concentration 
factor 

1.6 • 10-2 

3.8 • 10-3 

3.8 • 10-3 

6.6 ° 10-2 

1.0 • 10-2 

2.9. ,0-2 

2.6 • 10-2 



Table 5. Loss on ignition, pH and amounts of Ca extracted with AL 
in the soil profiles of the research fields. 

Field Loss on ignition, % 
pHaq CaAL 

no 0-30 30-60 60-90 0-30 30-60 60-90 0-30 
cm cm cm cm cm cm cm 

1 10,8 2,2 2,0 6,3 4,4 3,6 340 
2 3,3 3,4 2,0 5,9 6,2 4,3 130 
3 10,6 2,3 1,2 6,8 7,8 8,2 520 
4 4,9 1,4 1,5 6,3 6,6 6,9 215 

5 4,1 1,0 1,2 5,9 6,3 6,6 135 

6 3,9 2,7 2, 1 7,9 8,3 8,5 1955 
7 3,0 1,2 1,0 6,4 6,1 6,3 140 

8 3,9 2,9 2,3 6,6 7,0 7,7 250 

9 5, 3 2,0 1,8 6,6 6,7 6,9 170 

10 4,1 2,0 1,7 6,7 6,2 6,5 180 

11 4,3 2,0 1,3 6,8 6,3 6,9 280 

12 5,6 2,1 1,3 6,7 7,5 7,7 495 

13 5,1 2,3 0 6,5 6,6 6,4 205 

14 5,2 2,7 2,5 6,5 8,1 8,1 340 

15 4,1 0,4 0,2 7,3 8,1 8,3 570 

16 2,7 2,1 1,7 7,8 8,0 8,2 775 

mg/100 g soil 

30-60 60-90 
cm cm 

100 110 

85 65 

360 975 

120 105 

105 135 

4 725 8920 

120 105 

275 285 

155 170 

105 130 

185 315 

410 360 

100 30 

420 2275 

1420 2230 

885 1675 



Table 6 a.Concentrations of phosphorous extracted with HCl and AL, 
respectively, in the soil profiles of the research fields 

Field PHCl mg/100 g dry soil PAL, mg/100 g dry soil 

no 
0-30 cm 30-60 cm 60-90 cm 0-30 cm 30-60 cm 60-90 cm 

l 29 26 30 2,6 0,9 1,1 
2 29 30 31 1,0 1,3 0,6 

3 15 12 18 1,3 0,7 0,1 

4 35 36 36 1,1 1,2 1,1 
5 29 26 25 0,7 1,0 0,8 
6 31 24 23 3,8 0,4 0,1 

7 30 24 27 2,6 1,2 0,7 

8 35 26 24 3,6 1,4 2,1 

9 15 22 25 2,3 2,7 6,9 

10 21 20 25 1,7 1,5 3,1 

11 18 15 22 2,9 1,2 2,7 

12 20 14 21 2,4 1,1 1,9 
13 11 8 12 2,0 1,1 0,7 
14 18 14 12 1,2 0,9 0,9 
15 36 27 15 14, 7 4,7 2,2 
16 19 13 20 4,1 1,6 1,5 



Table 6 b. Concentrations of potassium extracted with HCl and AL, 
respectively, in the soil profiles of the research 
fields. 

Field KHCl' mg/100 g soil KAL, mg/100 g soil 

no 0-30 cm 30-60 cm 60-90 cm 0-30 cm 30-60 cm 60-90 cm 

1 107 185 285 5,6 1,9 1,0 

2 97 130 330 1,9 4,1 2,3 

3 128 137 172 5,9 3,5 4,4 

4 298 337 423 4,4 2,3 4,9 

5 127 16 3 234 1,8 1,5 1,9 

6 386 395 395 6,6 4,2 4,6 

7 80 183 186 1,9 1,8 1,8 

8 4 32 598 665 6,7 7,7 9,9 

9 120 270 400 7,5 7,2 8,0 

10 250 410 435 6,3 6,0 7,1 

11 62 87 186 5,3 1,9 2,7 

12 325 386 4 30 7,2 5,6 6,8 

13 37 17 9 1,9 1,0 0,3 

14 207 254 152 7,6 5,6 6,8 

15 57 34 27 9,7 1,7 1,3 

16 107 112 126 2,5 1,9 2,4 



Table 7. Concentrations of Ca and Ra-226, extractable with 1 M NH4Cl, and Ra-226/Ca 
ratios of samples from the soil profile. 

Field Ca m9Ll00 ~ soil 226Ra B5/k9: soil 226Ralca, 89L9 0-30 30-60 60-90 0-30 30-60 60-90 0-30 30-60 60-90 no cm cm cm cm cm cm cm cm cm 

6 450 530 490 7,6 13,4 13,4 1,7 2,5 2,7 
8 200 230 220 18,1 40,5 37,4 9,1 17,7 16,8 
9 140 140 130 7,0 10,3 25,2 5,1 7,6 19,4 

10 180 100 115 9,0 13,7 26,9 5,0 13,7 23,4 
11 200 142 248 7,4 18,0 36,5 3,7 12,7 14, 7 
12 360 380 310 15,6 15,2 32,3 4,3 4,0 10,5 
13 150 73 12 3,2 2,5 2,2 2,1 3,4 18,3 
14 290 350 44 0 10,7 11,3 8,2 3,8 3,2 1,9 
15 240 250 300 2,0 1,0 3,0 0,9 0,4 1,0 
16 380 470 510 4,7 6,3 7,3 1,2 1,4 1,4 



Table 8. U and Th levels in the drainage water from the research fields 
in October 1980 and spring 1981 (mBq 1 - 1 ) 

Field 238u 234u 230Th 232Th 

no H 80 V 81 H 80 V 81 H 80 V 81 H 80 V 81 

1 172 203 6 3 

2 53 53 4 <2 

3 5 8 2 2 

4 6 12 <2 <2 

5 4 7 3 3 

6 183 180 180 224 3 5 3 7 

7 4 8 4 <2 

8 17 8 26 10 33 2 23 6 

9 13 53 6 3 

10 5 7 12 8 3 3 <2 5 

11 295 203 274 203 7 4 5 4 

12 266 160 284 161 4 16 6 19 

13 6 4 9 6 <2 <2 2 3 

14 44 59 41 62 5 5 2 8 

15 146 139 188 152 4 <2 6 3 

16 124 103 141 108 33 <2 21 <2 



Table 9a. Concentrations of P, Kand Ca and radium in 
drainage water from the research fields. 

Flela: P, mg:Ll K, m9:/l Ca, mg/1 Ra, m 

no H 80 V 81 H 80 V 81 H 80 V 81 H 80 

1 QI 4 3 7,5 14, 4 ( 5 0) 

2 1,05 15,3 18,5 ( 4 0) 

3 0,25 4,0 65,8 (4 0) 

4 0,93 5,3 8,6 (30) 

5 1, 36 2,5 5,8 (30) 

6 0,31 0, 4 3 1,4 1,5 41,0 76,2 (20) 

7 0 I 4 3 7,7 37,4 (50) 

8 1,67 0 I 6 8 2,4 1,6 4,9 3,5 (4 0) 

9 2,29 4,3 16, 0 (30) 

10 0, 4 3 0,56 2,6 1,5 35,6 9,9 (80) 

11 0,50 0,25 21,0 1,4 48,0 58,8 (60) 

12 1,18 0,31 3,7 2,6 41,5 54,4 (30) 

13 0,37 0,37 6,3 5,2 35,5 18,8 (4 0) 

14 l, 36 0,37 4, 3 3,8 73,7 58,8 (4 0) 

15 0,93 1, 74 35,4 20,0 83,8 54,8 (50) 

16 1,61 0,50 1,0 1,0 62,4 6 8, 4 (70) 

BqLl 
*) 

V 81 

(20) 

(50) 

(SO) 

(SO) 

(180) 

(30) 

( 2 0) 

(20) 

(20) 

*) The Ra values are based on analysis of only 1 1 samples and are 
over-estimates; should be~ 20 rnBq ,-1 • 



Table 9b. Ratio of Ra/Ca in drainage water (Bq g- 1 ) and OR-values 

(observed ratios) calculated as (Ra/Ca) t / (Ra/Ca) . 1 . 
- - wa er soi 

Field 

no 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

The values of (Ra/Ca) . 1 are calculated as ratios of 
S01 

the amounts of Ra and Ca extracted with, on one hand AL, 

and on the other 1 M H4Ncl. 

Ra/Ca w 
OR-value: Ra/Ca /Ra/Ca 

w s 

Bq/g Ra/Ca 
5 AL Ra/Ca~l~l 

80 81 80 81 80 81 

3,5 0,5 

2,2 0,2 

0,6 0,9 

3,5 0,4 

5,2 0,4 

0,5 0,3 2,6 1,4 0,2 0,1 

1,3 0,1 

8,2 14, 3 1,6 2,8 0,5 0,9 

1,9 0,1 

2,2 5,1 0,1 0,2 

1,3 0,9 0,3 0,2 0,08 0,06 

0,7 3,3 0,2 1,04 0,07 0,3 

1,1 1,6 0,02 0,03 0,06 0,09 

0,5 0,3 1,0 0,6 0,3 0,2 

0,6 0,4 1,1 0,6 0,6 0,4 

1,1 0,3 1,7 0,5 0,8 0,2 



Table 1 0. K, Ca and P concentrations of growing crops in 

July 1980. 

Field -1 dry wt mg q 

no Location Crop K Ca p 

6 Sandbro Turnip rape 23,0 19,2 8,3 

8 Flinkesta Barley 24,7 8,0 5,2 

(_ 10 Karstorp a W. wheat 24,2 5,0 2,9 

b II 21,0 5,6 2,7 

c Turnip rape 33,3 26,9 5,5 

d w. wheat 14,5 3,6 2,1 
( 

e II 18,3 4,4 2,7 

11 Hassla II 17,7 8,3 2,8 

12 Stjarntorp II 18,8 3,8 2,5 

13 Skottorp Rape 23,1 19,0 3,9 

14 Vettinge a Rape 15,1 22,0 3,7 

b II 23,1 4,2 2,5 

c Ley, 2nd cut 37,6 11,2 3,6 

15 Karrdala a Barley 14,0 2,8 2,5 

b Sugar beets 41,9 10,8 4,9 

16 Nasby gard Rape 17,2 28,1 4,0 

( 

( 



Table 11 . Concentrations of K, Ca and p in harvested crops and 

oil plants in autumn 1980. 

-1 dry wt Field mg g 

no Crop Product K Ca p 

6 Turriip rape Straw 18,1 14,5 1,1 

Seed 8,9 6,4 3,2 

( 
8 Barley Straw 11,7 4,0 1,8 

Grain 5,2 1,0 4,3 

10 w. wheat Straw 7,1 3,1 1,7 

Grain 5,4 0,6 4,4 
( -Turnip rape Straw 18,3 20,1 2,0 

Seed 10,5 8,1 8,6 

11 w. wheat Straw 9,9 2,6 1,1 
Grain 3,3 0,6 3,0 

12 w. wheat Straw 10,3 3,0 1,3 
Grain 5,2 0,6 4,5 

13 Rape Straw 16,9 17,8 1,2 

Seed 9,5 5,3 8,6 

14 Rape Straw 9,6 2,2 1,1 

Seed 3,9 0,5 3,9 

15 Sugar beet Tops 76,9 22,2 5,5 
( 

( 



Table 12. u, Th and Ra concentrations in harvested crops in 

July 1981. 

Field rnBq kg -1 dry wt 

no Location Crop 2380 234u 230Th 232Th 226Ra 

6 Sandbro Turnip rape 44 152 290 34 680 

8 Flinkesta Barley 52 68 22 11 450 

lox> Karstorp a w. wheat 50 54 19 13 1170 

b II 204 164 14 7 196 1080 

C T. rape 113 94 64 27 590 

d w. wheat 53 105 55 26 920 

e II 58 74 43 94 610 

11 Hassla II 178 135 27 28 740 

12 Stjarntorp II 83 200 9 12 1120 

13 Skottorp Rape 43 59 28 24 950 

14 Vettinge a II 86 80 40 41 650 

b w. wheat 32 69 30 23 820 

C Ley 192 205 224 217 1020 

15 Karrdala a Barley 65 68 17 22 670 

b Sugarb., 
tops 6650 684 0 2154 2966 5150 

16 Nasby g-d Rape 66 66 55 49 630 

x) large, elongated field 



Table 13. Concentrations of u, Th and Ra in harvested crops 

from the research fields in autumn 1981. 

Field rnBg 
-1 kg _dry wt 

no Crop Product 2380 234 0 230Th 232Th 226Ra 

6 Turn~p rape Straw 41 191 70 30 840 

Seed 148 150 78 50 180 

8 Barley Straw 112 118 138 91 1840 

Grain 139 100 50 29 530 

10 W. wheat Straw 102 207 124 110 1100 

Grain 72 81 44 12 6 30 

10 Turnip rape Straw 114 114 59 71 6 70 

Seed 113 94 82 60 540 

11 W. wheat Straw 155 160 77 38 1940 

Grain 126 192 73 9 720 

12 W. wheat Straw 58 53 60 47 1840 

Grain 98 70 27 15 580 

13 Rape Straw 97 252 110 32 850 

Seed 184 135 53 16 200 

14 w. wheat Straw 189 219 189 234 1180 

Grain 101 168 74 236 5 70 

15 Sugar beet Tops 763 765 679 846 18 70 



Table 14. The Ra/Ca ratio in growing crops (July 1981) 

and harvested crops (autumn 1981), respectively. 

226 Ra/Ca, mBq -1 g 
Field Autumn 81 
no 

Crop July 81 Straw Seed, grain 

6 Turnip rape 35 58 28 

8 Barley 56 460 530 

10 a w. wheat 234 

b II 193 355 1050 

C Turnip rape 22 33 67 

d w. wheat 256 

e II 139 

11 II 89 746 1200 

12 II 295 613 967 

13 Rape 50 48 38 

14 a Rape 30 

b W. wheat 195 536 1140 

C Field 91 

15 a Barley 239 

b Sugar ,beet 477 84 

16 Rape 22 



Table 15. OR-values (Ra/Ca) /(Ra/Ca) . 1 x 10- 3 . 
crop soi 

Field 

no 

6 

8 

10 

11 

12 

13 

14 

15 

16 

Assumptions: An evenly distributed uptake of Ra and Ca 

from the soil profiles down to a depth of 60 cm in 

July 1981 and down to 90 cm in autumn 1981. 

Ra/Ca crop/Ra/CaH4NCl Ra/Ca crop/Ra/Ca AL 

Crop July Straw Grain July Straw Grain 

Turnip rape 17 26 12 116 230 111 

Barley 5 35 40 12 96 111 

a W. wheat 32 

b "- 27 37 110 

c Turnip rape 3 4 7 

d W wheat 35 

e II 19 

w wheat 16 104 16 7 26 203 326 

II 72 118 186 98 200 316 

Rape 20 13 10 10 6 5 

a Rape 9 22 

b W wheat 56 197 419 139 586 1246 

c Field 26 65 

a Barley 4 32 160 

b Sugar beet 86 2 129 321 87 

Rape 17 28 



Table 16. Relationship between radionuclide content in 

drainage water samples from the research fields, collected 

in autumn 1980 and spring 1981, respectively. 

r = correlation coeff. 

a, b = constants 

Nuclide 

U-238 

U-234 

Th-230 

Th-232 

r 

0.95 

0.90 

0.35 

0.30 

a 

12.89 

12.71 

8.24 

5.76 

b 

0.68 

0.71 

- 0.14 

- 0,20 



Table 17. Relationship between radionuclide content in soil and 

drainage wat;+-r from the research fields in autumn 1980. 

Radionuclide content in soil= average values of three 

depth levels. 

Extraction_with_hot_2-M_HC1 

Nuclide r a 

U-238 0.02 0.08 

U-234 0.03 0. 10 -
Th-230 0.05 0.01 -
Th-232 0.05 0.01 

Extraction_with_cold_2-M_HC1 

Nuclide r a 

U-238 0.65 1 . 10-3 

U-234 0.57 0.01 

Th-230 0.20 0.01 

Th-232 0.24 4 . 10-3 

Extraction_with_arnmoniurn-oxalat 

Nuclide r a 

U-238 0.82 - 0.03 

U-234 0.71 - 0.02 -
Th-23"0 0.26 0.01 

Th-232 0. 10 0.01 -

b 

8 . 10-5 

1 . 10-4 

2 . 10-5 

3 . 10-5 

b 

0.01 

4 · 10-3 

6 • 10-4 

7 • 1 o- 4 

b 

0.03 

0.02 

1 . 10-3 

5 . 10-4 



Table 18. Relationship between radionuclide content in soil 

(autumn 1980) and growing crop (1981), and drainage water 

and growing crop (1981), respectively. From the research 

fields. Soil samples extracted with arrur.onium oxalate 

(U, Th) and AL (Ra) respectively. 

Soil_-_croE 

Nuclide n r a b 

U-238 10 0.66 43.28 0.01 

U-234 10 0.81 48.64 0.01 

Th-230 10 0.35 113.43 - 0.02 

Th-232 10 0.01 30.87 3 . 10-4 

Ra-226 9 0.03 777.90 - 3 . 10-3 

Water_-_crOJ? 

Nuclide n r a b 

U-238 1 0 0.46 53.04 0.24 

U-234 10 0.65 63.72 0.37 

Th-230 10 0.03 64.40 - 0.55 

Th-232 10 0.26 35.75 - 1.07 

Ra-226 10 0.66 637.50 2.53 



Table 19. Relationship between radionuclide content in soil and 
mature crops (autumn 1981), and groundwater (spring 1981) 
and harvested crops (autumn 1981). Division into repro
ductive parts (grain) and vegetative parts (straw). Soil 
samples extracted with ammonium oxalate (U, Th) and AL (Ra 

Soil - cro:12 

Vegetative_12arts 

Nuclide n r a b 

U-238 9 0.20 121.20 - 2 . 10-3 

U-234 9 0.48 211.17 - 0.01 

Th-230 9 0.32 133.49 - 0.01 

Th-232 9 0.03 78.59 1 . 10-3 

Ra-226 7 0.30 424.90 0.09 

Re12roductive_12arts 

Nuclide n r a b 

U-238 9 0.10 126.62 - 8 . 10-4 

U-234 9 0.41 107.45 5 . 10-3 

Th-230 9 0.55 81.86 - 0.01 

Th-232 9 0.28 118.41 - 0.03 

Ra-226 7 0.14 662.62 - 0.02 

Water - croe 

Vegetative_12arts 

Nuclide n r a b 

U-238 9 0.20 117.20 - 0. 11 

U-234 9 0.22 176.86 - 0. 15 

Th-230 9 0.22 117.11 - 1. 97 

Th-232 9 0.42 106.72 - 5.80 

Ra-226 9 0.52 990.66 5.19 

Re12roductive_12arts 

Nuclide n r a b 

U-238 9 3 . 1 o- 4 . 122.61 1 . 10-4 

U-234 9 0.45 106.16 0.21 

Th-230 9 0.56 75.35 - 2. 18 

Th-232 9 0.01 54.07 - 0. 15 

Ra-226 9 0.35 4 21. 26 1 . 29 



Table 20. The relative change of radionuclide concentration in 

growing/harvested crops 1981. 

1. Relative_change_in_vegetative_Earts 

Location t,. concentration ( % ) 

no Crop U-238 U-234 Th-230 Th-232 Ra-226 

6 T. rape 7 + 26 76 12 + 24 

8 Barley + 115 + 74 + 527 + 727 + 309 

1 0 Wheat + 12 + 109 + 88 + 34 + 16 

10 T. rape + 1 + 15 11 13 29 

1 1 Wheat 13 + 19 + 185 + 36 + 162 

12 II 30 74 + 567 + 292 + 64 

13 Rape + 126 + 327 + 293 + 33 11 

14 Wheat + 4 91 + 217 + 530 + 917 + 44 

15 Sugar beet 
tops 89 89 68 71 64 

2. Relative_change_in_reEroductive_Earts 

Location t,. concentration ( % ) 

no Crop U-238 U-234 Th-230 Th-232 Ra-226 

6 T. rape + 236 1 73 + 47 74 

8 Barley + 167 + 47 + 127 + 164 + 18 

10 Wheat 21 18 33 85 33 

10 T. rape + 0 5 + 24 27 43 -
11 Wheat 29 + 42 + 170 68 3 

12 II + 18 65 + 200 + 25 48 

13 Rape + 328 + 129 + 89 33 79 

14 Wheat + 216 + 144 + 147 + 926 30 

15 Sugar beet 
tops 89 89 68 71 64 



Table 21. Uranium concentration factors Cf [ (Bq kg- 1 crop/Bq kg- 1 soil, 
dry wt) x 10-3 ] for growing and mature crops. Cf values calculated with 

Site 

6 

8 

10 

10 

11 

12 

13 

14 

15 

Crop 

the assumption that an evenly distributed uptake of nuclides will occur from 
the soil profile; up to July down to 60 cm soil depth and up to autumn down 
to 90 cm depth. Soil extraction with hot 2 M HCl and ammonium oxalate, 
respectively. 

Cf(HCl) . 10-3 

Nuclide 
Mature crop 

-3 
Cf(ox) • 10 

Mature crop Growing crop 
July Straw Grain 

Growing crop 
July Straw Grain 

Turnip rape U-238 

U-234 

Barley 

W. wheat 

U-238 

U-234 

U-238 

U-234 

Turnip rape U-238 

U-234 

W. wheat 

W. wheat 

Rape 

W. wheat 

Sugarbeet 

tops 

U-238 

U-234 

U-238 

U-234 

U-238 

U-234 

U-238 

U-234 

U-238 

U-234 

1.19 

3.71 

1.06 

1. 30 

2.32 

1. 76 

1. 28 

1.01 

2.99 

2.39 

1.16 

2.58 

0.71 

0.89 

1. 92 

4. 18 

535.42 

564.74 

1.45 5.27 

5.88 4.61 

2. 14 

2. 12 

1.09 

2.08 

1. 21 

1.14 

2.56 

2.76 

0.93 

0.81 

1. 78 

4.23 

11 • 4 6 

12.87 

73.22 

64.87 

2.66 

1. 79 

0.76 

0.81 

1.20 

0.94 

2.08 

3.32 

1. 57 

1 • 07 

3.38 

2.26 

6. 12 

9.87 

.00 

.00 

14.35 

11 • 27 

10.17 

11 • 25 

117.69 

72.85 

65.19 

41.46 

14.26 

11 . 61 

8.08 

19.76 

27.85 

31 • 91 

24.75 

41 • 89 

2958.35 

2400.00 

11 . 88 

22.70 

20.72 

17.94 

48.28 

75.89 

53.58 

41.60 

12.38 

13.89 

6.34 

6. 12 

82.30 

160.87 

130.65 

123.40 

457.49 

410.76 

42.92 

17.83 

25.72 

15.20 

34. 17 

29.89 

53.11 

34.31 

10.06 

16.68 

10.72 

8.09 

156.12 

86. 18 

69.81 

94.66 

.00 

.00 



Table 21. (Cont.) 

Cf (HCl) 
. 10- 3 

Cf(ox) 
. 10-3 

Site Crop Nuclide Growing Mature crop Growing crop Mature crop crop 
July Straw Grain July Straw Grain 

Extreme values U-238 0.71-2.99 0.93-11.46 0.76-6.12 8.08-117.69 6.34-130.65 10.06-156.12 
U-234 0.89-4.18 0.81-12.87 0.81-9.87 11.25- 72.86 6.12-160.87 8.09- 86. 18 

Arithmetic mean*) 
+ SD U-238 1.6 + 0.7 2.8 + 3.5 2.9 + 1. 9 35.3 + 38.0 45.8 + 43.2 50.3 + 47.4 - - - - - - -

U-234 2.2 + 1. 2 4.0 + 4.0 3.1 + 3.0 30.3 + 21.6 57.8 + 57.2 37.9 + 33.6 - - - - - -
*) Sugar beet tops not included 

in mean value. 



Table 22. -1 -1 -3 Thorium concentration factors Cf [ (Bq kg crop/Bq kg soil, dry wt) x 10 ] 

Site 

6 

8 

10 

10 

11 

12 

1 3 

14 

15 

Crop 

for growing and mature crops. Cf values calculated with the assumption that 
an evenly distributed uptake of nuclides will occur from the soil profile; up 
to July down to 60 cm soil depth and up to autumn down to 90 cm depth. Soil 
extraction with hot 2 M HCl and ammonium oxalate, respectively. 

Cf(HCl) • 10-3 

Nuclide Mature crop 

-3 
Cf(ox) • 10 

Mature crop Growing crop 
July Straw Grain 

Growing crop 
July Straw Grain 

Turnip rape Th-230 

Th-232 

Barley 

W. wheat 

Th-230 

Th-232 

Th-230 

Th-232 

Turnip rape Th-230 

Th-232 

W. wheat 

w. wheat 

Rape 

W. wheat 

Barley, 
sugarbeet 
tops 

Th-230 

Th-232 

Th-230 

Th-232 

Th-230 

Th-232 

Th-230 

Th-232 

Th-230 

Th-232 

11. 94 

2.27 

0.77 

0.37 

9.05 

11 . 3 3 

3.94 

1. 55 

2.63 

5.38 

0.22 

0.38 

11. 36 

17.23 

4.01 

3.28 

3.02 

5.98 

2.74 3.05 

1.63 2.71 

3.90 

2.66 

5.23 

4.37 

2.48 

3.82 

5.48 

5.25 

1. 31 

1. 31 

34.08 

16.64 

19.31 

24.22 

308.57a) 

609.07a) 

1. 41 

0.84 

1.85 

0.47 

4.46 

3.38 

5.20 

1.24 

0.58 

0.41 

16.42 

8.32 

7.55 

24.43 

97.26b) 

173.72b) 

140.97 

19.61 

5.57 

4.26 

71. 50 

109.20 

32.62 

16.54 

6.59 

20.09 

1. 76 

3.73 

14.36 

11. 31 

11 • 6 7 

10.01 

12.58 

33.00 

100.45 111.94 

44.86 74.78 

38. 16 

42.50 

72.00 

69.06 

35.25 

45.57 

20.56 

25.21 

14.49 

16.55 

70.96 

25.29 

168.46 

327.94 

1861.47a) 

4613.77a) 

13.83 

13.54 

25.54 

7.53 

48.61 

38.66 

19.49 

5.97 

6.52 

5.28 

34.19 

12.64 

65.95 

330.74 

586.78b) 

1316.oob> 

a) Suqar beet tops July 1981 b) Sugar beet tops Autumn 1981 



Table 2 2. (Cont.) 

Site Crop 

Extreme values 

Arithmetic mean*) 

Nuclide 

Th-230 

Th-232 

+ SO Th-230 

Th-232 

Cf(HCl) • 10-3 

Growing crop 
July 

0.22-11.94 

0.37-17.23 

5.5 + 4.7 

5.2 + 6.0 

*) Sugar beet tops not included 
in mean value. 

Mature crop 
Straw Grain 

-3 
Cf (ox) · 10 

Growing crop 
July 

1.31-19.31 0.58-16.42 1.76-140.97 

1.31-24.22 0.41-24.43 3.73-109.20 

9.3 + 11.5 5.1 + 5.1 35.6 + 48.3 

7.5 + 8.4 5.2 + 8.2 24.3 + 34.9 

Mature crop 
Straw Grain 

14.49-168.46 6.52-111.94 

16.55-327.94 5.28-330.74 

65.0 + 50.9 40.8 + 34.6 

74.6 + 103.7 61.6 + 111.5 



Table 23. Radium concentration factors Cf 3 
[ (Bq kg-1 crop/Bq kg-1 soil, dry wt) x 10-: 
for mature crops. 
Soil concentration: Mean value of 3 depth 
levels. 
Soil extraction with AL 

. 10-3 
Site Crop 

cf 

Straw Grain 

6 Turnip rape 72 15 

8 Barley 140 39 

1 1 w. wheat 200 72 

12 II 140 44 

13 Rape 80 19 

14 w. wheat 130 64 

15 Sugarbeet 
tops 140 

Extreme values 72-200 15-64 

Arithmetic 
mean + SD 130 + 43 42 + 23 - - -

Table 24. Plant/soil concentration factors obtained 
in this study, compared to earlier investi
gations. 

cf . ,o-3 
Nuclide 

study*) Ref 2 Ref 3 this 

Uranium 2.5 3.8 1. 3 + 1 -
Thorium 4.0 3.8 0.9 + 0.9 -
Radium 0.3 16 12 + 6 -

*) Arithmetic mean+ 1 SD. 
Values compensated for soil extraction efficiencies: 
U 45 % (HCl); Th 18 % (HCl); Ra 28 % (AL). 



Tabe 25. Concentration factors for plant/soil 
(dry wt). Mature crop, grain. Corrected 
for soil extraction efficiencies. 
Geometric mean values (X), geometric 
standard deviations (Sg)~ and 95 % 
confidence limits. 

Nuclide n X . 
m 

10-3 Sg 95 % conf inf . 

U-238 8 1 . 05 0.72 0.54 - 2.03 

U-234 8 0.94 0.84 0.66 - 1.33 

Th-230 8 0.59 1.06 0.53 - 0.66 

Th-232 8 0.37 1. 44 0. 18 - 0.77 

Ra-226 6 10. 14 0.64 4. 15 - 24.76 

10-3 



Table 26. Concentration factors Cf [ (Bq 1- 1 -1 soil) X 10- 3 ] for drainage water water/Bq kg 
and soil for 60-90 cm soil depth. Soil extraction with hot 2 M HCl and ammonium 
oxalate, respectively (U' Th), and AL and 1 M NH 4cl, respectively (Ra) . 

Cf - Uranium cf - Thorium C - Radium 
Site Year f 

no Isotope HCl Ox Isotope HCl Ox AL H4NC1 

1 1980 238 6.53 41.95 230 a.so 0.88 6.32 

234 7.40 36.90 232 0.24 0.57 

2 1980 238 2.28 12.61 230 1.05 0.80 6.77 

234 2.04 9.81 232 0.71 0.42 

3 1980 238 0.42 6.25 230 0.29 2.22 6.34 

234 0.55 4.21 232 0.44 5.00 

4 1980 238 0.17 2.06 230 0.06 0.47 2.91 

234 0.34 2.30 232 0.08 0.74 

5 1980 238 0. 10 0.78 230 0.07 1.36 1.54 

234 0. 14 0.97 232 0.08 1.57 

6 1980 238 9.63 39.78 230 0. 10 10.00 1.18 1.49 

234 7.82 37.50 232 0.08 10.00 

1981 238 9.47 39.13 230 0.17 16.66 1 • 18 1.49 

234 9.73 46.66 232 0.20 23.33 

7 1980 238 0.14 0.93 230 0. 13 2.35 4.38 

234 0.26 1. 70 232 0.08 1. 11 

8 1980 238 0.27 2.78 230 0.48 10.64 2.73 1.06 

234 0.40 3.25 232 0.45 14.37 

1981 238 0.13 1. 31 230 0.02 0.64 3.42 1. 33 

234 0.15 1.25 232 0 • 1 1 3.75 

9 1980 238 0.11 3.82 230 0.05 3.75 1.19 

234 0.50 15.58 232 0.02 2. 14 



Table 26 .. (Cont.) 

cf - Uranium cf - Thorium C - Radium 
Site Year f 
no Isotope HCl Ox Isotope HCl Ox AL H4NC1 

10 1980 238 0.04 1.28 230 0.01 2.30 2.97 

234 0. 10 2.55 232 0.01 1. 53 

1981 238 0.06 1. 79 230 0.01 2.30 1.85 

234 0.06 1. 70 232 0.01 3.84 

11 1980 238 4.74 23.41 230 0.13 2.18 4.41 1. 64 

234 4.49 24.24 232 0. 15 2.77 

1981 238 3.26 1 6. 11 230 0.07 1.25 3.67 1.36 

234 3.33 17.96 232 0. 12 2.22 

12 1980 238 5.39 35.46 230 0.05 1. 33 2.63 0.92 

234 5.76 42.38 232 0. 11 2.60 

1981 238 3.24 21 . 33 230 0.22 5.33 15.78 5.57 

234 3.26 24.02 232 0.35 8.26 

13 1980 238 0.13 7.50 230 0.23 1. 81 2.89 18. 18 

234 0. 17 7.50 232 0.25 2.85 

1981 238 0.08 5.00 230 0.23 1. 81 2. 17 13.63 

234 0. 11 5.00 232 0.37 4.28 

14 1980 238 2.69 23.15 230 0. 19 7. 14 3.20 4.87 

234 2.26 19.52 232 0.04 6.66 

1981 238 3.61 31.05 230 0. 19 7. 14 1.60 2.43 

234 3.42 29.52 232 0. 19 26.66 

15 1980 238 18. 71 132.72 230 0.29 4.44 3.96 16.66 

234 16.78 170.90 232 0.43 10.00 

1981 238 17.82 126.36 230 0. 14 2.22 1. 58 6.66 

234 13.57 138.18 232 0.21 5.00 



Table 26. (Cont.) 

Cf - Uranium cf - Thorium cf - Radium 
Site Year 
no Isotope HCl Ox Isotope HCl Ox AL H4Ncl 

16 1980 238 13.93 112.73 230 2.94 41.25 6.48 9.58 

234 15.49 94.00 232 3.68 35.00 

1981 238 11.57 93.63 230 0. 17 2.50 1.85 2.73 

234 11 . 86 72.00 232 0.35 3.33 



Table 27. Concentration factors (Cf) for water/soil. 
Geometric mean values (X ), geometric 
standard deviations (Sg)~ and 95 % 
confidence limits. 

Nuclide n X . 10-3 Sg 95 % conf inf . 10-3 
m 

U-238 25 0.39 2. 11 0.09 - 1. 74 

U-234 25 0.47 1. 87 0.13 - 1 . 6 4 

Th-230 25 0.02 1 . 50 0.01 - 0.05 

Th-232 25 0.02 1.31 0.01 - 0.03 

Ra-226 25 0.68 0.65 0.29 - 1. 61 



Tabell 28. Transport coefficients (m2 kg-l) for harvested crops. Soil concentration: mean value of 3 depth levels. 
Soil extraction with ammonium oxalate (U, Th) and AL (Ra). 

Local Crop U-238 U-234 Th-230 Th-232 Ra-226 
Straw Grain Straw Grain Straw Grain Straw Grain Straw Grain 

6 Turnip rape a· 10-6 3. 10-5 3·10-5 2·10-5 a·10-5 a·10-5 3·10-5 4·10-5 1·10-5 2. 10-5 
8 Barley 3. 10-5 4•10-5 3. 10-5 2. 10-5 4•10-5 2·10-5 4·10-5 2·10-5 2·10-4 0·10-s 

10 w. wheat a·10-5 4·10-5 0·10-5 4·10-5 1·10-4 4•10-5 4·10-5 4 • 10-6 

10 Turnip rape a·10-5 0·10-5 4·10-5 4·10-5 4•10-5 a·10-5 4·10-5 3·10-5 

11 w. wheat 2· 10-5 3•10-s 2·10-5 2. 10-5 3•10-5 3•10-5 4·10-5 a·10-6 3·10-4 1·10-4 
12 w. wheat 0·10-6 2·10-5 0·10-6 1·10-5 2·10-5 a·10-6 2·10-~ a·10-6 2·10-4 0·10-5 
13 Rape 1·10-4 2·10-4 2·10-4 1·10-4 a·10-5 4•10-5 3•10-5 2·10-5 1·10-4 3·10-s 
14 w. wheat 2. 10-4 1·10-4 2·10-4 2·10-4 2·10-4 a·10-5 2·10-4 2·10-4 2·10-4 0·10-5 
15 Sugar beet 

tops 4 • 10-4 4·10-4 a·10-4 2·10-3 2·10-4 

extreme values 0·10-6 2·10-5 0·10-6 1·10-5 2·10-5 8°10-6 3•10-5 4·10-6 1·10-4 2·10-5 
- 2·10-4 - 2·10-4 - 2·10-4 - 2·10-4 - 2·10-4 - 0·10-5 - 2·10-4 - 2·10-4 - 3·10-4 - a·10-s 

range 2. 10-4 2·10-4 2·10-4 1·10-4 2·10-4 0·10-s 2·10-4 2· 10-4 2·10-4 a·10-5 

mean value 0·10-5 0·10-5 0·10-5 a·10-s 8.10-5 4•10-5 0·10-5 4•10-5 2·10-4 0·10-5 
(sugarbeet tops 
not included) 



Table 29 Annual individual dose contributions from uranium, thorium 
and radium, respectively, from the consumption of cereals. 
For further details, see text. 

Annual individual dose -1 (Sv yr ) 
Nuclide cf dose contr. 

from cereals r: internal dose 

U-234 2.5 . 10- 3 ( 2) 3.9 . 10-15 9.4 . 10-14 

9 . 10- 4 *) 1.5 . 10-15 9.2 . 10-14 

U-238 2.5 . 10-3 (2) 3.5 . 10-15 8.4 . 10-14 

1.1 . 10-3 *) 1.5 . 10-15 8.2 . 10-14 

Th-230 4.0 . 10- 3 ( 2) 3.98 . 10-13 6.80 . 10-13 

6 . 10-4 *) 5.9 . 10-14 3.42 . 10-13 

Th-232 4.0 . 10- 3 ( 2) 2.17 10-12 3.60 . 10-12 

4 . 10- 4 *) 2.01 . 10-13 1. 63 . 10-12 

Ra-226 3 . 10-4 ( 2) 2.5 . 10-15 5.04 . 10-13 

1.0 . 10-2 *) 8.2 . 10-14 5.83 . 10-13 

*) This study 



Figure 1 

Figure 1 

Location Soil type 

1 ~jebyn till, fine sand, sandy clay 
loam 

2 Robacksdalen sandy clay loam, clay 

3 Vagle 

4 Offer 

5 Boda 

6 Sandbro 

7 Lokene 

8 Flinkesta 

9 Halleberg 

10 Karstorp 

11 Hassla 

12 Stjarntorp 

13 Skottorp 

14 Vattinge 

15 Karrdala 

16 Nasbygard 

clay till, very fine sand, siJ 

till, very fine sand, silt, 
clay 

fine sand. silt, varved clay 

sandy till, very fine sand, 
clay 

fine sand, sandy clay loam, 
silt 

block, till, gravel, varved 
clay 

fine sand, clay 

clay, varved clay 

fine sand, sandy clay loam, 
clay 

till, very fine sand, silt, 
clay 

sand, fine sand, clay 

clay 

stony sand, sand, clay 

sandy clay till, loamy till, 
peat 

Map of the experiment fields and soil types. 
Redrawn from/ /. 



101 

100 

0 
r./) 

---I.. 
QJ .... 
CU 
3: 

M 
I 
0 ... 
X 

..... 
u 
00 

10- 1 M 
N 
I 

::::> 

10- 2 

• 

• 

• 

• 

• 
• • 

• • 
• 

10 

Cumulative probability ( %) 

• 

Figure 2 

• • 
• 
• 
• 

• 
• 
• 

• • • 

100 

Figure 2 Lognormal probability plot of water/soil 
cf values for U-238 from the research fields. 
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Relationship found between pH-level in the soil layer 
60-90 cm and er-values calculated on basis of the 
238 u-content in drainage water and that in the soil 
layer 60-90 cm extractable with hot 2 M Hel. From (12). 
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