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Abstract

This paper investigates gamma emitter radioactivity in a system consisting of soil and plants. Some selected
samples of tissues of animals fed with the plants from these sites were also measured.

In soil and plant samples artificial ('*’Cs, **Cs) and natural (thorium and uranium series) isotopes were
detected. Despite the relatively high content of the natural isotopes in plants and their seeds, their accumulation in
animal tissues was not detected. The *“°K isotope was transferred in the chain soil-plant-animal in the highest
degree. From the group of the natural isotopes, only *?Pb was detected in examined animal tissue samples. Other
natural isotopes were below detection level. In the samples heavy metal content was also examined. In any sample
no clement concentration was noticed above trade acceptable limit.
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Introduction

The equilibrium in the environment has become distur-
bed because of the expansion of technical civilization
accompanied by intense application of chemicals. In the
second part of our century violent growth of the population
has increased food demand, causing intensive use of fer-
tilizers in agriculture. The continuous increase of applied
chemicals has produced many problems due to its harmful
influence on animals and human beings.

In recent years, examinations of radioactive isotopes in
the environment and their role for living things of our planet
has attracted growing attention.

Beside its natural presence radioactivity is connected
with nuclear detonations most of which happened in the
'60s and nuclear energetic development [1, 2].

Apart from some advantages that man can get from the
existence of radioactivity, there are many drawbacks and
dangers connected with contamination of the environment
by these substances. Radiation hazards caused by radioactive
elements result from willful, intentional or unintentional, and
sometimes thoughtless activity of man. Most often it is con-
nected with unsuitable procedures for radioactive waste, nu-
clear power plant failures, exploitation and processing of
radioactive ores, nuclear detonations, and fossil fuel utiliza-
tion. As a result, the concentration of radionuclides in the
environment has increased. This may threaten living orga-

nisms by entering the food chain from plants to animals and,
finally, to man.

As radioisotopes spread in the whole ecosystem of the
Earth they do not produce an essential problem for the hu-
man beings. Meanwhile, some isotopes that enter the food
chain may achieve concentrations that may be toxic for plant
or animal organisms or their consumers.

Because a higher concentration of radioactive substances
in the environment is undesirable, this paper presents some
investigations of gamma emitting elements in environmental
samples. Samples consist of soils and plants from the same
sites (growing on them). To obtain comprehensive informa-
tion of radionuclide transportation in the environment, some
animal tissue samples coming from animals fed with ex-
amined plants were measured.

Methods

Soil samples, plants growing on this soil, and animal
tissue samples were collected for measurement. The soil and
plant samples were collected at three places, at Kanie, Fajs-
lawice, and Elizowka villages in the vicinity of Lublin in
middle-eastern Poland, according to the procedure recom-
mended by TAEA (International Atomic Energy Agency)
[3].

Soil samples were initially dried at room temperature and



20 Chibowski S. and Gladysz A.

Table. I. The radioactivity of selected soil and plant samples in [Bqg/kg].

, Soil of | Potato Potato | Soil of | Wheat | Wheat | Soil of Rye Soil of Oat
Site Isoiope potatoes | tubers straws wheat grains straws rye grains oat grains
FAc 312 - 9.1 334 - -
"Be - - 90.3 - = 14.9
3Cy - - - 0.8 - —
HICs 21.4 0.72 37 229 - 27
WK 6536 |801.9 870.9 667.2 1659 |2143.3
ph 36.7 10,9 61.6 37.1 - 56.2
1P 31.5 1.7 24 342 0.3 7.0
Elizowka 114ph 18.6 1.2 45 21.8 = 20
#%Ra 67.9 16.8 37.6 66.3 26.9 79.3
Th 48.6 223 49.5 46.1 = 112.0
*“Th 41.5 19.8 434 39.8 17.7 79.2
S| 11.4 - 25 122 - -
0] - - 1.2 = 0.5 1.9
2B 335 - — 37.6 - =
“HBi 20.2 - — 23.8 - -
FAc 1.4 - 7.6 25.08 - 9.2
"Be = - 135.1 - - 51.3
Mo 0.2 - — 0.8 - -
s 161 1.9 83 358 0.54 7.2
YK 251.8 [521.1 504.8 406.8 165.2 405.3
=1'ph 13.8 95 85.1 314 11.2 504
2phy 11.6 0.4 1.6 26.1 1.8 3.0
Fajslawice 2pp 6.2 L1 3.8 17.7 0.4 4.0
“'Ra 253 6.1 26.2 58.6 6.8 35.6
BHTh 14.6 - 14.3 30.6 = 29.6
“MTh 13.9 72 92 38.1 12.6 27.6
] 39 — 28 9.2 = 2.1
S| = - e = 0.4 1.0
*UBi 9.8 - - 28.7 - -
B 6.6 - 4.8 17.6 — -
Ac =5 — - 14.76 - = 8.5 - 9.1 -
"Be = - = = = - = 1.9 — 4.23
Pi0g - - - - - = 0.1 ~ 0.2 -
Cs = 0.5 - 9.8 0.23 = 11.9 0.4 9.8 1.0
B = 788.6 - 287.2 155.1 - 210.6 152.2 219.9 162.7
210ph N 55 5 25.3 10.7 - 14.2 6.6 14.1 13.2
*1*ph = 0.9 - 15.0 0.3 = 8.9 1.1 9.3 1.72
Kanie H4ph - 1.6 - 8.7 - - 5.6 0.6 5.7 -
Ry - 12,1 - 36.7 9.8 - 25.6 6.0 28.9 17.0
“Th - 13.9 = 18.3 12.4 - 16.5 18.8 11.5 273
“Th - 11.0 - 54 12.6 = 17.5 12.7 17.7 20.5
T - - - 5.2 0.2 - 3.1 = 34 .
oy - - - - 03 - - 02 - 0.4
Bj - - = 16.1 - - 9.2 - 9.8 -
“HBi - 1.6 - 9.7 - - 6.4 - 6.0 =
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then at 105°C. The dry soil sample was crushed in mill and
sieved by 1 mm sieve to remove mechanical waste.

Plant samples consisted of wheat, oat and rye grains,
their green parts as well as potato tubers and stalks. Before
measurement the collected grains were air dried only. Green
parts of plants were dried at 105°C, to constant weight, and
were then crushed in a Fritsch mill. The potatoes were
washed and then dried at 105°C and finally crushed in the
mill.

Animal tissues consist of pork, poultry and their bones.
Additionally, eggs from the place of interest were examined.
Meat, liver and bone samples were dried at 105°C to cons-
tant weight. Then they were incinerated to ash in the oven by
slowly increasing the temperature to 450°C for 20 hours.
Eggs were divided into three parts (whites, yolks and shells)
and dried to 105°C.

To ensure standardized geometry of the radioactivity me-
asurements, 500 cm® of the soil and plant samples were
weighed and inserted in a Marinelli vessel. For animal tis-
sues and egg samples special vessel was constructed to keep
the same geometry of the measurements.

The results are presented in Table 1.

The animal tissue samples were the subject of heavy
metal content measurements with an XRF spectrometer. The
examined elements and their concentration are presented in
Tab. 4.

Apparatus

The gamma radioactivity measurements of all samples
were done with the Silena spectrometer (ltaly) equipped
with germanium cylindric detector JGC-13 by Princeton
Gamma-Tech cooled with liquid nitrogen. The spectrometer
is equipped with multichannel analyzer (4096 channels),
which enables measurements of gamma radiation energy in
the range 50-2000 keV. The resolution of the detector was
1.75 keV at the 1.33 MeV peak, at 15% of relative capacity.
That enables identification and measurements of the radioac-
tivity for most of natural isotopes, as well as artificial ones,
occurring in the environment because of human activity.
Qualitative and quantitative analysis of the results was per-
formed with SIMCAS 4.11 software. The standard deviation
of radioactivity measurements ranged from 0.1 to 15 Bg/kg
of the sample (depending on total radioactivity of the isotope
in the sample and type of vessel). Measurement error was
smaller than 5-7%. Samples were measured over 1200 min.
Using Curie equation [4] for the blank sample, a lower limit
of detection (LLD) and the minimum detectable amount
(MDA) values for selected radionuclides were calculated.
Obtained LLD values for the examined radionuclides ranged
from 0.06 to 0.24 cpm and MDA from 0.13 to 0.40 Bg/kg.
For calibration of the spectrometer a radioactive source with
eleven isotopes supplied by Amersham was used. Their ene-
rgy ranged from 59.54 keV to 1836 keV. As a standard,
"Whey powder IAEA 154" source was applied. Among
others, it contained isotopes '**Cs, *'Cs, “°K, and *°Sr. The
spectrometer was tested and calibrated with these samples,
enabling us to obtain reliable results of the activity of the
examined samples.

XRP spectroscopy was applied to heavy metal content in
pork, poultry and bone samples. Our Canberra spectrometer
was equipped with Si(Li) detector and a/d converter Canberra
1510. X ray radiation was induced by °°Fe, '%°Cd and
2L Am. Quantitative analysis was performed with Canberra S-
100 and AXIL software.

Results and Discussion

The main task of the investigation was to establish the
level of the radioactivity of the gamma emitters in the selec-
ted samples of the environment from three sites: Elizowka,
Kanie and Fajslawice.

From the data presented in Table I, it can be seen that
main radioisotopes responsible for the radioactivity level in
soil and plant samples are of the natural origin, mainly *'K.
Its concentration produces from 62 to 95% of total radioac-
tivity. This is connected with the natural concentration of
this isotope in the lithosphere that is 0.0119% with stable
potassium [5], producing 370 Bq/kg for the average soil
sample.

A higher radioactivity was observed for all samples from
Elizowka, because of the high contents of “°K (65-91%) in
the green parts of corns (wheat) 2143 Bqg/kg of dry weight,
in green parts of potatoes - 870 Bg/kg and their tubers
- 801,9 Bg/kg. A lower-to-the-mean value (*°40 Bg/kg) was
observed in soil samples from Kanie. Also, samples of corn
grains from this place revealed rather low activity of the *°K
isotope.

Obtained results proved that the amount of derived potas-
sium depends on its content in the soil, though final results,
as is suggested, depend on many other factors [6, 7]. We
think, however, that this parameter is more important than
others. Furthermore, potassium being the fundamental ele-
ment for the growth of the plant is present in all their parts,
including grains.

The other isotopes (which compose the radioactivity of
the examined soils) were as follows: 2“Bi, 2"“Pb, #°pp,
28Ra, #*Th, 2°TI from uranium series, and %®Ac, ??Bi, #?Pb,
28T and *®Th from thorium series. The radioisotopes from
uranium series make from 4 to 21% of the total radioactivity
of the sample, whereas thorium series give from 1 to 15%.
The number and the amount of the isotopes depend on the
geochemical and soil formation processes but also on
atmospheric fallout, dust and ash that come from coal com-
bustion. One kg of coal contains about 20-40 Bq of *°K, **®u
and %*2Th isotopes and their derivatives. After combustion
their concentration increases in volatile ashes and dust, re-
aching even 100 times higher activity for #°Pb [8]. The
additional factor, which increases the activity of these isoto-
pes in soil and plant samples, is made by mineral fertilizer
application as some fertilizers contain natural radioisotopes.

From the obtained results concerning isotope activity in
surface layer of the soil one can see the influence of the big
agglomeration on the radioactive contamination of the soil.
This very distinct example is Elizowka; a village near large,
industrial Lublin. The natural isotope content was noticeably
higher than that taken from other examined soils far from
cities and factories. It should be mentioned that all soil sam-
ples were the same type and grade.

Beside “°K, other isotopes also sometimes penetrate from
soil into plants in an appreciable degree (Tab. 1). This is
visible especially for such isotopes as °Ra, ?*Th or #*Th. The
greatest detected amounts of these isotopes were seen in
wheat straws and potato stalks, though potato tubers and
corn grains also contained some of them.

Similarly to soils, greater radioisotope content was obser-
ved for Elizowka. As previously mentioned, most probable
is the influence of the Lublin vicinity, as these isotopes
appear as a result of industrial activity. More activity of
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Table 2. Soil-plant transport coefficients of *"Cs.

Site Type of sample TF
Fajstawice Potato tubers 0.12
Potato stalks 0.51
Wheat grains 0.015
Wheat stalks 0.20
Kanie Wheat grains 0.023
Oat grains 0.10
Rye grains 0.032
Potato tubers 0.04
Elizéwka Potato tubers 0.03
Potato stalks 0.17
Wheat grains -
Wheat straw 0.12

radionuclides originate from atmospheric fallout than from
their penetration from the soil.

The cosmogonic radioisotope that was present in exami-
ned plant samples was 'Be. This isotope falls from the at-
mosphere and is adsorbed on leaves and the aboveground
part of plants. This isotope was found only in green parts of
all plants. It consists of from 7 to 16% of the total radioac-
tivity of these samples. Because of its properties and short
half-life, this does not cause any serious problem in radioac-
tive contaminations of the plants.

The main indicator of the contamination of the environ-
ment is the presence of ¥Cs and *Cs isotopes. *'Cs, which has
appeared because of power plant failures and nuclear
detonations is a very important and dangerous isotope, even
if one considers its half-life equal to 30 years. For compari-
son, the half-life of "**Cs equals 2.06 years [9]. The con-
tamination of samples by these isotopes is relatively low,
with higher values observed for soils than for plants for all
examined sites. This proves the durability of caesium adsor-
ption in the soil particles [10, 11]. This isotope content in
soil samples ranges from 10 to 35 Bq/kg, accounting for 2 to
4% of total activity of the soil. Analyzing obtained data
concerning the transfer of '*’Cs from the soil to green parts
of plants, it should be noticed that all samples reveal the
transportation of this isotope. To calculate the transfer coef-
ficient of this isotope the following equation was applied.

TF = caesium activity in grass [Bg/kg]
~ ceasium activity in soil [Bg/kg]

The greatest values of the transfer factor (TF) were ob-
served for potato stalks, and reached 0.51 for Fajstawice (see
Tab. 2). It is worth mentioning that caesium contents in the
soil is not the main factor responsible for its transfer from
soil to plants (see Tab. 1).

The potassium content in soil, as the biologically active
element of the same group as caesium, does not have clear
influence on the caesium transfer from soil to plants. Ob-
tained results confirm literature data of some factors that
influence the transfer. Among them, the most important are
pH of the soil solution, soil humidity, type and grade of the
soil, degree of soil dispersion, form of caesium, the concent-
ration of the ions that can compete with caesium at adsorp-
tion or complex formation, and many others.

Obtained data confirm that the amount of transferred cae-
sium from the soil to the plant is small and ranges from 0.2
to 3 Bg/kg. The only higher values, 8 Bg/kg were obtained
for Fajslawice in straws and potato samples. The above re-
sults suggest uniquivocally that *’Cs present in the soil does
not have a noticeable influence on the total amount of radio-
nuclides transferred to human organisms. The transfer of
radionuclides from soil to plants is of the basic meaning for
the next stages, the transfer of radionuclides to animals, and
finally to humans. Thus, the transportation of large amounts
of “°K from soil to plant has a straight influence on its
contents in the animal tissues. The isotope *°K accounts for
80 to 100% of the total gamma radioactivity in liver samples
of poultry, where total activity reached 1180.8 Bg/kg of the
ash sample, 1293.9 Bq/kg for poultry meat and 3026 for
pork meat. Such high radioactivity results from “°K, which
reaches 0.01% of total potassium content. This amount in
the organism is still filled, as potassium is present in any
food.

The animal tissue samples revealed the low level of ra-
dioactivity coming from other isotopes. Only #?Pb and **¥Cs
were detected. The latter was present in poultry bones 1.2
Ba/kg and egg shells 1.8 Bqg/kg. Radioactive 2?Pb was pre-
sent in the same samples with activity ranging from 3 to 18
Ba/kg.

A comparison of radioactivity of soil, plant and animal
tissue samples fed with these plants allows us to say that
despite some transfer effects of some radioisotopes to the
animal organisms, isotope accumulation excluding “°K is
small. A high amount of accumulated potassium results from
its high contents in green parts of the plants, grains and
potato tubers. Besides, this isotope is easily available via
miscellaneous animal tissues. Other natural isotopes were
not accumulated in selected animal tissue samples. The ar-
tificial isotope "*"Cs was detected in poultry bones and egg
shells. From the data of Table 3, one can say that a diet which
consists of meat and eggs does not introduce a meaningful
amounts of radioactive isotopes.

Table 3. Radioactivity of selected samples of the animal tissues in
[Barkg].

Tync l;?f 40 137 241 4 b 214
sample K Cs Pb Pb Ph
Egg

whites 282.84 - < 1,326 | < |1.856 -
Yolks 51.26 - - 2.965 < 15373
Egg

shells 28.284 ( 1.759 - 2.423 -
Poultry

meat 12933 - - 7.887 < 3815
Poultry

liver 180.9 - - 18383 |< 13.74
Poultry

bones 55.838 1.23 - 3.04 < 1,163
Pork 3026.6 < 1.397 - - -
Pork

liver 720.4 - - - -
Pork

bones 477.0 - — - -
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Because heavy metals toxic to living organisms are om-
nipresent in our environment, their content also was exami-
ned for animal tissue samples. The results are presented in
Table 4.

Table 4. Heavy metal contents in selected samples of animal tissues
in [ppm].

Type of Mn| st |cd| P | cr|z
sample Fe Cu R r b n
Poultry
bones 220 | 114 1977 | 406 |<9.5]| 105 |[<7.2] 320
Poultry
meat 126.5| 37 <13| - |<84]527|<22]| 192
Poultry
liver 1367 | 53.5 | 34 - |<84|<27|< 1.7]| 357
Pork
bones 89 (202|330 318 |<95]|135|<7.5]| 249
Pork meat | 1100 | - - - - 1232 - -
Pork liver (4051|709 |< 16| - |<95] 5.1 |<25]| 713

The highest concentration in all samples was noticed for
iron. This results from its significance for living organisms
(as is true of Zn and Cu). Both these elements are beneficial
for the proper work of the organisms. The trade acceptable
limit of the concentration of these elements in meat is 80
mg/kg for Zn and 8 mg/kg for Cu [12].

The presence of such metals as Cd, Pb and Cr proves that
contamination in the environment is harmful for organisms
due to their carcinogenic properties. Acceptable concentra-
tions in meat and their products are: Cd - 0.05mg/kg and Pb -
0.70 mg/kg [12]. From the data presented in Table 4, it can
be seen that for most of the samples the obtained data were
very low or below lower detection limits of the method
applied. The other element, detected only in bones of poultry
and pork, was strontium. This is because it is built in bones
as a calcium equivalent.

In summary, it should be mentioned that heavy metal
concentrations in all examined samples were lower than
trade acceptable limits.
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