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DIRECT AND INDIRECT CONTAMINATION OF TREE CROPS WITH Cs-134
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S u m m a r y

A long term glasshouse pot experiment was established in
1994 to study the transfer factors of Cs-134 from soil to
olive and orange trees for which no relevant data are avail-
able.

A calcareous-heavy textured and an acid-light textured
soil were used in this experiment. Results from two year's
experimentation are considered in this study.

The ability of the studied plant species for Cs-134 root
uptake seems to be significantly influenced by soil type. The
contamination of both tree species grown on calcareous and
heavy soil was very low and did not change much with the time.
On the contrary, trees grown on acid and light soil showed
much higher Cs-134 concentration (up to 34 times for orange
and 23 for olive trees) which significantly increased with the
time. Both olive and orange trees showed a similar behavior in
the studied soils.

Effort was also made to study the long term consequences
of the direct contamination in a field experiment where an
olive tree was contaminated by dry deposition with Cs-134.

Six months after contamination 5 % of the Cs-134 deposited
on the leaves was measured in the first olive production.
However, very small quantities (= 0.5 %) of the olive Cs-134
was detected in the unprocessed olive oil.

The following year 15 % of the Cs-134 remained in the
leaves while extremely low quantities of Cs-134 were detected
in either olives or olive oil.

This work is part of an I.A.E.A. Coordinated Research Pro-
gramme "Radionuclide transfer to man in tropical and sub-
tropical environment" and an E. C. Radioprotection Programme,
contract FI3P-CT92-0013.
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I n t r o d u c t i o n

Data regarding root and foliar uptake of radionuclides from
cultivated evergreen trees such as citrus and olive trees are
unavailable. Information on transfer factors parameters of
radionuclides will help to identify critical pathways of the
uptake of the tree crops and to predict the transfer with some
confidence.

Two independent experiments have been carried out to study
some aspects of the direct (foliar) and indirect (root) contami-
nation of olive and citrus trees with Cs-134.

T h e o b j e c t i v e
Indirect contamination
The objective of this research programme was to calculate

values of transfer parameters of Cs-134 from soil to tree crops
(olive and orange trees)in a long term glasshouse pot exper-
iment, started in 1994.

The influence of the soil characteristics on Cs-134 uptake
was also studied with the selection of two soils differing in
their physical and chemical properties.

In a previous pot experiment with annual crops very big dif-
ferences of the transfer factors of Cs-134 were realized in the
different soil types. It has been shown that transfer factors
were inversely correlated with pH and exchangeable (Ca+Mg) or
exchangeable bases and to a lesser extent with clay content
and CEC.

Direct contamination
The objective of this project was to study the consequences

of the direct contamination with Cs-134 in a field experiment
where an olive tree was contaminated by dry deposition with
Cs-134.

GLASSHOUSE EXPERIMENT

M a t e r i a l s a n d M e t h o d s

The two selected soils were representative and suitable for
the studied crops but they differed in their characteristics as
it is shown in table 1. The first soil was calcareous, heavy
textured, though the second was an acid-light textured soil.

The experiment was conducted in large pots (lower diameter 70
cm, upper diameter 85 cm, depth 50 cm) where olive and orange
trees two years after grafting were transplanted.
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Table 1. Characteristics of the soils used in the
tree experiment

Texture % pH CEC Exch. K O.M.

Sand Silt Clay meq/100 g %

Soil 1 8.2 51.4 46.4 7.5 18.2 0.68 2.8

Soil 2 57.2 29.4 13.4 5.6 5.6 0.22 1.1

For olive trees the local variety "Koroneiki" was used which
is a broadly cultivated variety for olive oil production. From
citrus trees the orange variety "Navel New Hall" was selected as
the oranges constitute 84 % of the cultivated citrus species in
Greece.

Four replications for the first soil and three for the second
were used.

Soil contamination was performed on February and April 1994
respectively for the two soils. Cesium-134 as CsCl (0.5 mCi)
was added to each pot. The soil was added to each pot in 22
layers c. 2 cm thick each ( 5 kg of soil). On the top of each
layer 500 ml of the CsCl solution was added in the form of very
small drops. It is noticed that for the contamination of the
soil with the Cs-134 essentially the same technique was followed
with that applied in previous experimentation with annual crops
which was considered to be successful. The soil in the pots was
watered to field capacity and left to stand for eight weeks for
the Cs-134 to reach equilibrium and then transplanting followed.
To make transplanting of the trees easy and safe an empty pot of
the same size with that in which the trees were grown, was put
into the large pots and set in suitable height.

Plant samples were taken at fruit maturity on November . 1994
and October 1995. A mid-term sampling was performed in May 1995
only for leaves and branches since plants were at flowering
stage.

Generally accepted methods were used for chemical analyses
though soil and plant samples were counted for Cs-134 in a comp-
lete y-spectroscopy set up.

R e s u l t s a n d D i s c u s s i o n

Results from two years experimentation are considered in this

study.
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Cesium-134 contamination of orange and olive trees are pre-
sented in tables 2 and 3.

Both evergreen tree crops showed similar behavior in the
studied soils although the ability of both trees to absorb
Cs-134 from the roots seems to be significantly influenced by
the soil type. The contamination of both tree species grown on
calcareous and heavy soil was very low and did not change much
with the time. On the contrary, trees grown on acid and light
soil showed much higher Cs-134 concentration (up to 34 times for
orange and 23 for olive trees) which significantly increased
with the time.

The calculated transfer factors of Cs-134 (tables 4 and 5)
showed similar trends for both tree crops.

For the trees grown on the calcareous soil no significant
differences with the time were detected while an increase of
more than 50 % was realized in the transfer factor values of the
trees grown on the acid and light soil.

The above results were in agreement with similar trends in
Cs-134 uptake of annual crops where pH seems to play an impor-
tant role.

The transfer factors of Cs-134 for the studied trees were
lower than the respective values of annual crops grown under
similar conditions. The differential Cs-134 uptake by plants
depends on many factors and it has been investigated very
little. Data regarding the influence of microorganisms on
Cs-134 availability are referred which although contradictory do
not exclude soil fungi to play an important role on Cs-134
uptake from acid-organic soils.

Leaves compared to other plant parts showed the highest CR
value in both crops. Furthermore new leaves of the olive trees
showed higher CR values than the old ones, by approximately a
factor of more than two. The determined transfer factors are
probably higher than those which one may obtain from undisturbed
soil since our pots were more or less uniformly contaminated
while in field 95 % of radiocesium is within the top 10 cm of
the soil profile where few roots are present.

Potassium content (Nov. 1994) of the different plant parts of
the two crops showed significant differences and it was higher
in leaves and fruits as expected. No differences in potassium
content of the trees grown on either calcareous or acid soil
were noticed.

No correlation was found between potassiun content of plant
parts and transfer factors of Cs-134.
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Table 2. Contamination of orange plant parts with

Cs-134 (Bq/kg dw), at three samplings

Calcareous-heavy

Nov.

May

Oct.

'94

'95

'95

Acid-light

Nov.

May.

Oct.

'94

'95

'95

New

220

275

296

soil

1903

2319

7173

soil

Leaves

Old

244

3079

Branches

New

185

325

331

1961

2915

4849

Edible

132

299

Skin

146

276

Table 3. Contamination of olive plant parts with

Cs-134 (Bq/kg dw), at three samplings

Calcareous-heavy

Nov.

May

Oct.

'94

'95

'95

New

342

259

324

Acid-light soil

Nov.

May

Oct.

'94

'95

'95

1909

3383

5908

soil

Leaves

Old

152

131

797

2102

Branches

New

263

214

202

1607

2708

4224

Old

116

220

724

2654

Fruit

177

314

455 •

3819

Values are corrected for Cs-134 decay (Ref. date Nov.'94)
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Table 4. Transfer factors of Cs-134 for orange trees grown

on two soil types, at three samplings

Calcareous-heavy

Nov.

May

Oct.

'94

'95

'95

Acid-light soil

Nov.

May

Oct.

'94

'95

'95

soil

New

1.0

1.3

1.4

12.5

15.3

47.0

Leaves

Old

1.1

20.0

Branches

New

0.9

1.5

1.5

14.0

19.2

32.0

Edible

0.6

1.4

Skin

0.7

1.3

All values must be multiplied by 10~3.

Table 5. Transfer factors of Cs-134 for olive trees grown

on two soil types, at three samplings

Calcareous-heavy

Nov.

May

Oct.

'94

'95

'95

Acid-light soil

Nov.

May

Oct.

'94

'95

'95

soil

Leaves

New

2.0

1.6

2.0

12.6

22.3

39.0

Old

0.9

0.8

5.2

14.0

Branches

New

1.6

1.2

1.2

10.6

17.8

28.0

Old

0.8

1.3

4.8

18.0

Fruit

1.1

2.2

3.0

25.0

All values must be multiplied by 10~3.
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FIELD EXPERIMENT

M a t e r i a l s a n d M e t h o d s
The direct contamination of an olive tree was carried out at

a productive olive grove in Attika-Greece. At the time of con-
tamination the growth stage of the experimental tree was the
beginning of fruit formation.

The deposition of Cs-134 (in the form of CsCl solution) was
performed using an aerographer (micro-spray system) under tempo-
rarily greenhouse conditions. With this method a dry deposition
of CsCl is being obtained (size of particles lu) which is con-
sidered to be similar to the conditions after a radioactive
deposition in the dry Mediterranean regions.

The duration of the deposition was around 1.30-2 h and it was
performed at three places of the greenhouse.

R e s u l t s a n d D i s c u s s i o n
Values of the direct contamination of the olive tree are

presented in table 6.

Table 6. Cs-134 contamination of the olive
plant parts (direct deposition 215 kBq/m2)

1st year 2nd year
(kBq/kg) (kBq/kg)

Leaves 318 44

Olives (maturity) 17 <0.05

Olive oil (unprocessed) <0.1 <0.01

The results show that a few months after a significant Cs-134
contamination of an olive tree, a significant amount of Cs-134
is measured in olives, although a small amount is detected in
the olive oil.

The following year 15 % of the Cs-134 remained in the leaves
while extremely low quantities of Cs-134 were detected in either
olives or olive oil.
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