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Results of field studies on 9°Sr and stable Sr soil-to-plant
transfer

ABSTRACT

In 1987 and 1988 at 35 sites plants ready to harvest and the
corresponding soils (0-20 cm) were collected for °?0Sr and stable
strontium analyses. Sample preparation and measurement led to a
detection limit of 0.008 Bq ''osr kg-i.

The ^osr-contamination of Austrian soils ranged from 396 to
1998 Bq m~2. Known from literature the contribution of the
Chernobyl fallout amounted to app. 25% of the total contami-
nation. Stable strontium contents of the soils were beween 6 and
62.5 mg kg-i. Bariumtriethanolamine extracted 17.7 to 62.3% of
the total stable Sr in soil.

'OSr-concentrations in cereal grains ranged from 0.03 to 0.67
Bq kg-1 (fresh weight) for maize and barley, respectively. The
values for other foodstuff were between 0.15 (white cabbage) and
0.91 Bq kg-i (spinach). Stable strontium contents were between
0.079 mg kg-i (maize) and 72.5 mg kg-i (celery shoot).

The following mean 'osr soil-to-plant transfer factors for
cereal grains were obtained: 0.010 (maize), 0.097 (rye), 0.049
(wheat), 0.095 (barley). Transfer factors for straw were up to
50 times higher (maize). The transfer of 9°sr into vegetables
and potatoes reached the same order of magnitude compared to the
cereals. In all cases soil-to-plant transfer of stable Sr was
clearly lower compared to the radioactive isotope, amounting
only up to 60% of the respective values for 90Sr. Thus natural
stable strontium is less plant available than q0Sr.

The influence of soil parameters on the 9osr transfer into
plants was examined by correlation analyses. Increasing ex-
changeable calcium contents of the soils resulted in a
significant reduction of Sr soil-to-barley straw transfer.
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Ergebnisse von Frei landuntersuchungen des Boden-Pflanze
Transfers von 9 0Sr und stabilem Strontium

ZUSAMMENFASSUNG

In den Jahren 1987 und 1988 wurden an 35 Standorten Proben von
erntereifen Pflanzen und den entsprechenden Böden. (0-20 cm)
geworben und der Analytik von 90Sr und stabilem Strontium
zugeführt. Die Nachweisgrenze für die 9°Sr-Analytik lag bei
0,008 Bq kg-i.

Die ermittelten 9osr-Kontaminationen lagen zwischen 396 und 1998
Bq m~2, wobei etwa 25% davon aus dem Fallout nach dem Tscher-
nobyl-Unfall stammten. Stabile Strontiumgehalte ermittelte man
zwischen 6 und 62,5 mg kg-i. Bariumtriethanolamin extrahierte
17,7 bis 62,3% der Strontium-Gesamtgehalte.

Konzentrationen in Getreidekörnern wurden zwischen 0,03 und
0,67 Bq kg"1 (FS) ermittelt. Die übrigen Pflanzenproben zeigten
Werte von 0,15 (Weißkraut) bis 0,91 Bq kg-i (Spinat). Die
Gehalte an stabilem Strontium lagen in einem Bereich von 0,079
und 72,5 mg kg-i.

Folgende mittlere 9°Sr-Transferfaktoren für Getreidekörner
wurden ermittelt: 0,010 (Mais), 0,097 (Roggen), 0,049 (Weizen),
0,095 (Gerste). Der 9 °Sr-Transf er in das Stroh war bis zu
fünfzig mal höher. Gemüsepflanzen und Kartoffeln zeigten
Transferfaktoren in der gleichen Größenordnung, wie die
Getreidearten. In allen Fällen war der Transfer von stabilem
Strontium wesentlich geringer als der des radioaktiven Isotopes
(im Mittel um 40%). Natürliches stabiles Strontium ist als
deutlich weniger pflanzenverfügbar als qosr anzusprechen.

Korrelationsrechnungen zwischen Bodenparametern und 9osr-
Transferfaktoren zeigten einen signifikanten Einfluß der
austauschbaren Ca-Gehalte der Böden. Steigende austauschbare
Ca-Gehalte führten zu einer deutlichen Verminderung der Trans-
ferfaktoren für Gerste.
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Results of field studies on 9osr and stable Sr soil-to-plant

transfer

M.H. GERZABEK, C. ARTNER, O. HORÄK and K. MUCK

Austrian Research Centre Seibersdorf, A-2444 Seibersdorf,

Austria

1. Introduction

Strontium is considered a highly mobile element in the soil -

plant system. Thus, "»osr from nuclear weapons testing and from

accidents at nuclear power stations may contribute to the

exposure of the population due to radioactivity (Mück et al.,

1990).

Migration of 'osr in soils is considerably higher in

comparison to i37Cs (Bachhuber et al., 1982, Meisel et al.,

1991). This may be due to the high portion of exchangeable Sr,

which can reach 80% or more of the total Sr-content of the soil

(Nishita et al., 1965).

The significant mobility of strontium in soil and the plant

physiological similarity with calcium leads to higher soil-to-

plant transfer values compared to other radionuclides (Haunold

et al., 1987). Thus, in the past, several studies emphazised on

the Sr-uptake into plants. Results were obtained in field

studies, using q°sr from global fallout due to weapons testing

(Bunzl and Kracke, 1987; Haisch et al., 1985), in microplot

experiments with artificial contamination (Haak and Lönsjö,
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1975; Haisch et al., 1985) or in pot trials with radioactive

waste polluted silt (Popplewell et al., 1984). Results from

field studies after the Chernobyl fallout are scarce and limited

to lowland pasture (Jackson and Smith, 1989) and cereals (Bunzl

and Kracke, 1989).

The purpose of the present study was to determine Sr

soil-to-plant transfer factors in field measurements in order to

enable radioecological model calculations based on realistic

conditions. Second of all it was the objective to elucidate the

influence of soil parameters on the strontium uptake into

plants.

2. Methods

Field sampling

In 1987 and 1988 at 35 sites plants ready to harvest and the

corresponding soils (0-20 cm) were sampled. The chosen sites are

located in three Austrian counties, Upper Austria, Lower Austria

and Styria, representing a wide range of soil types and

deposition levels. In case of pasture three soil layers (0-3,

3-6, 6-12 cm) were sampled in order to avoid errors due to the

uneven radionuclide depth distribution (Meisel et al., 1991).

The correction procedure according to Lehle et al. (1987) was

used.

Analysis of the samples

In order to increase precision plant samples were powdered and

ashed (450°C) after drying. '°Sr in plant and soil samples was
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determined by low-level beta measurements of its daughter

nuclide 'OY after seperation by radiochemical precipitation

according to Hermann and Erdelen (1959). Three measurements of

12,000 s each were made with a time interval of 60,000 s in

order to test the purity of the separated sosr and 9oy (by

radioactive decay). With a sample volume of 1 kg, the detection

limit was 0.008 Bq kg-i.

Stable strontium was determined by means of ICP-AES after

aqua regia extraction of the soil samples and extraction of the

plant ashes with 6 m HCl.

Soil parameters like pH, organic matter, texture fractions and

exchangeable calcium and strontium were obtained according to

standard analytical methods (Blum et al., 1989). The results are

shown in table 1.

Transfer factors

In the present paper the uptake of strontium into plants is

described by a soil-to-plant concentration ratio, the transfer

factor (TF), which is the most common definition in this

context:

TF = P / S

p = Bq 9°Sr/kg plant fresh weight or mg Sr/kg plant fresh weight

S = Bq 9°Sr/kg soil dry weight or mg Sr/kg soil dry weight
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3. Results and discussion

SΓ in soils and plants

The 9 0Sr—contamination of the investigated sites ranges from 396

to 1998 Bq m~ 2 (median 1020 Bq nr2) . 13'Cs/'°sr-ratios

calculated from previous results (Horak et al., 1990) are

between 8 and 97 (median 42.5) which is clearly higher than

after the global fallout due to nuclear weapons testing. From

literature the respective values were typically in the range of

1.30 to 1.52 (Aliyev et al. , 1977). As a matter of fact the

contribution of i3?Cs to the Chernobyl fallout in Austria was on

average 25 times higher compared to 'osr (Miick, 1988). Thus the

Chernobyl derived 9°Sr-deposition was an only minor contribution

to the total contamination. A previous investigation (Stagno-

Dystric Gleysol, Styria) showed that after the Chernobyl fallout

still 77% of total <?og
r
 has to be attributed to the global

fallout (Meisel et al., 1991).

Stable strontium contents of soils were between 6 and 62.5

mg kg-i with a mean value of 21.4 mg kg-i (table 1). Barium-

triethanolamine extracted 17.7 to 62.3% of total stable Sr in

soil, which is below the respective literature values for ^osr

(Nishita et al., 1965) after weapons testing.

^oSr-concentrations in cereal grains ranged from 0.03 to 0.67

Bq kg-
1
 (fresh weight) for maize and barley, respectively. The

values for other foodstuff were between 0.15 (white cabbage) and

0.91 Bq kg-
1
 FW (spinach). Vegetative plant parts like cereal

straw, potato top and celery shoot exhibited higher contamina-

tions than the edible plant parts. The highest values were
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obtained for forage plants. Hay samples showed on average 15.7

Bq ?osr kg-i FW.

Stable strontium contents ranged from 0.079 mg kg-
1
 (maize) to

72.5 mg kg-i (celery shoot). Literature on this subject is

generally scarce, but shows the same order of magnitude

(Chapman, 1966).

SΓ soil-to-plant transfer

In table 2 the transfer factors for 9ogr and stable strontium

are given. The transfer values are not normal distributed with a

significant frequency of high values. Thus the median instead of

the arithmetical mean was used for characterization of the data.

The mean
 90
Sr-TF for cereal grains ranges from 0.01 (maize) to

0.097 (rye). This is approximately 3 to 10 times higher than the

i3 7Cs-TF obtained from the same samples (Gerzabek et al., 1990).

The obtained results are significantly below recommended values

for soil-to-plant transfer for cereal grains (UIR, 1989) .

However, the recomended values are not solely based on field

measurements, results of pot experiments with artificial soil

contamination are included.

•Josr-TF for cereal straw were significantly higher than for

grains. Maize straw exhibited a 50 times higher TF compared to

the grain (tables 2 and 3), which is the five folds discrimi-

nation of i3 7Cs (Horak et al., 1990). This effect is due to the

clearly lower translocation rate of
 g
oSr (Bukovac et al., 1965).

After root uptake Sr is preferably stored in the roots during

the growing period. Translocation occurs to plant parts just in

development. Thus vegetative plant parts are supplied by the
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transpiration flow with 9osr during the whole growing period,

grains only during a significant shorter period. Sr-trans-

location from other plant parts is unlikely (Andersen, 1970).

The transfer of 'osr into vegetables and potatoes reached the

same order of magnitude compared to the cereals (table 2).

Especially potato and celery tubers, exhibited low transfer

values, although being close to the sites of Sr-uptake.

The incorporation of Sr into the tubers with the assimilate flow

is scarce (table 3; Middleton, 1959), which may be an explain-

ation for the observed phenomenon.

9°Sr-transfer into hay and clover was clearly higher than

into cereal straw. This has to be attributed to the storage of

90Sr in the roots during the winter period and the translocation

into the upper plant parts in spring. Considering the high dry

matter content (> 80%) of the fodder plants the differences

to some vegetables are less pronounced as compared to the

cereals.

In all cases soil-to-plant transfer of stable strontium was

clearly lower compared to the radioactive isotope. The TF for

total stable strontium amounted on average up to 60% of the

respective values for "?osr (table 2, figure 1). Thus natural

stable strontium is less plant available than 90Sr from man-made

environmental pollution. A higher availability of Chernobyl

derived 9osr cannot be the only reason for the observed

differences. The contribution of Chernobyl-9osr reached only 23%

of the total soil contamination. Therefore the obtained

relationship (figure 1) has to be considered at least partly

valid for 90Sr from nuclear weapons testing.



Relating stable strontium contents of plants to the

exchangeable stable Sr-fraction in the soil approximately two

and four times higher ratios were obtained compared to 9 0Sr-

transfer factors and stable Sr transfer, respectively (figure

1). Linear correlation analyses showed a satisfying agreement.

Therefore it may be considered that there are no differences

between stable Sr and 9°Sr with regard to ion uptake and

transport. A second proof for that assumption is the agreement

between concentration ratios of different plant parts for stable

strontium and 9osr with the exception of rye and celery (table

3). Thus the distinctions should be mainly attributed to a

higher fixation of stable strontium in the soil.

Sr-uptake and calcium

Soil parameters were correlated with ^osr transfer factors.

Table 4 shows the values for hay. In most cases correlations

were not significant at the 5% level. The highest correlation

factors were obtained for exchangeable calcium and exchangeable

strontium. Known from literature, pH, organic matter content,

certain clay minerals and the exchangeable Ca-content are in

general the factors influencing the plant availability of

strontium (Heald, 1960; Juo and Barber, 1970). However, as

result of the present study and according to the literature the

most distinct effect has to be attributed to the ion competition

of calcium and strontium (Andersen, 1967; Haak and Lönsjö, 1975;

Mascanzoni, 1988). Figure 2 gives the relationship between

exchangeable calcium and 90Sr-TF, stable Sr-TF and stable Sr-

TF based on the exchangeable Sr-fraction for straw of barley,
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respectively. With increasing exchangeable Ca-contents strontium

uptake into barley clearly diminished. A significant decrease

was obtained for exchangeable stable Sr and total 9ogr, Total

stable strontium was not significantly correlated, which may be

another hint to the differences in plant availability between

stable Sr and 'osr.
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Table 1. Mean soil parameters of the investigated sites (n=35)

parameter mean min max

pH

CaC03 (%)

organic matter (%)

sand (%)

silt (%)

clay (%)

CEC (meq/lOOg)

Ca (mg/1000g)

Sr (mg/1000g)

CaP,T* (mg/1000g)

SrBT* (mg/1000g)

6.4

3.0

4.4

45.7

40.5

14.0

18.1

9672

21.4

2711

6.1

3.7

0.0

1.4

15.9

14.5

2.0

4.7

990

6.0

458

1.3

8.6

18.0

17.0

80.5

70.6

28.0

37.2

54230

62.5

6215

11.2

* exchangeable fraction (bariumchloride-triethanolamine-method)
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Table 2. Soil to plant transfer factors for stable and radio-
strontium derived from field studies in Austria during 1987-
1988.

Plant species

Wheat grain

Wheat straw

Rye grain

Rye straw

Barley grain

Barley straw

Maize grain

Maize straw

Potato tuber

Potato shoot

Celery tuber

Celery shoot

Spinach

Salad

Cauliflower

White cabbage

Hay

Clover

Rape

n

3

3

2

2

5

5

1

1

3

3

2

1

1

3

1

1

10

2

1

TF - 9i

Median

0.049

0.455

0.097

0.369

0.095

0.897

0.010

0.494

0.029

0.625

0.047

0.459

0.170

0.109

0.072

0.064

1.530

1.595

0.317

>Sr

Min.-Max.

0

0

0

0

0

0

0

0

0

0

1

1

.039

.246

.036

.311

.069

.479

.018

.410

.005

.055

.110

.400

- 0

- 0

- 0

- 0

- 0

- 1

- 0

- 0

- 0

- 0

- 4

- 1

.221

.744

.158

.428

.149

.315

.030

.840

.090

.136

.380

.790

TF - stable Sr

Median

0.026

0.243

0.027

0.284

0.038

0.265

0.003

0.208

0.015

0.359

0.043

0.160

0.038

0.019

0.010

0.031

1.056

0.858

0.103

i Min.-Max.

0.019 -

0.148 -

0.018 -

0.100 -

0.022 -

0.204 -

0.007 -

0.211 -

0.032 -

0.018 -

0.176 -

0.811 -

0.070

0.415

0.036

0.468

0.072

0.884

0.022

0.507

0.054

0.021

2.730

0.906
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Table 3. Stable strontium and

strontium-90 concentration

ratios between different plant

parts. Cereals: TF-grain versus

TF-straw; potatoe and celery:

TF-shoot versus TF-tuber.

Plant

Wheat

Rye

Bar1ey

Maize

Potatoe

Celery

9osr

0.108

Q.263

0.106

0.020

0.046

0.102

Stable Sr

0.107

0.095

0.143

0.014

0.042

0.269

Table 4. Correlations of
transfer factors for hay with soil
parameters (n = 10)

Parameter r Significance

pH -0.416a p > 0.05

O.M. +0.490b P > 0.05

Sand +0.400a P > 0.05

Clay -0.194a p > 0.05

CEC -0.274a p > 0.05

CauT0 -0.629a p > o.O5

SrBT° -0.677b p < 0.05

aExponential regression (y = ae*«).
bPower regression (y = ax*>).
^Exchangeable fraction
(Bariumchloride-trietanolamine-
method).
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