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Considering that previous studies were mainly focused on a protection of domestic animals
from alimentary Cs-contamination, the objective of the present study was to investigate the
possibilities of ammonium - iron (IIT) hexacyanoferrate (II) - AFCF and clinoptilolite as ra-
dioprotectors. Pheasants of species Phasianus colchicus were used as trial animals. The total
number of 2 -month old pheasants was 100. The pheasants were divided into five groups;
each group was contaminated with 750 Bq of 137Cs per bird in a single experiment. The exper-
iment consisted of 5 phases during which the animals were given AFCF (0.2 g) and
clinoptilolite (2 g) either in water solution or mixed with food, according to the phase. The
level of contamination was determined by gamma - spectrometry in breast meat, leg meat,
liver and gizzard. The results show that the best protection effect was obtained when AFCF is
used in the water solution ¢. e. 92.7%j; while AFCF mixing with food demonstrated 74.9% of
protection; clinoptilolite proved less protective with 69.3% - in the water solution, and
50.5% when mixed with food.
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INTRODUCTION

During the evolution, humans and animals were
exposed to environmental radiation, with no influence
on the dynamic equilibrium of ecological system. On
the other hand biosphere is nowadays contaminated
with man-made radionuclides (mostly due to energy
production). It is changing ecological characteristics,
of one or several cycles of ecosystem. It is therefore
necessary to control levels of natural and artificial
radionuclides in the environment. This is the only way
to preserve healthy ecosystem.

In accidental circumstances, population protec-
tion from the alimentary contamination, is a prime
goal of radiation hygiene. °°Sr, 13!I, and '3’Cs, which
have metabolical and structural analogs in biosystems,
pose the most significant risk.

After the Chernobyl accident in 1986, the atmo-
sphere was contaminated with radionuclides such as
134Cs and '37Cs [1]. These organotrope isotopes, long
living radionuclides, are potencial ecological factor of
risk.
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Due to constant presence in the environment,
radionuclides enter in the “food-chain” and make the
animal food products the most frequent source of hu-
man contamination by radionuclides [2].

The increase of concentration of '37Cs is the most
significant in animals which live and feed in natural
conditions and are directly exposed to radioactive con-
tamination. These animals represent the bioindicators
of'the environmental contamination. Game is an impor-
tant part of the environment, that bindes human popula-
tion and natural environment. Alimentary contamina-
tion is present in the animals which take contaminated
food and water in industrial and individual farms. The
highest level of '*’Cs contamination is found in flesh of
fish, large and small wild animals, as well as domestic
graze animals (sheep, cow and goat).

Numerous efforts are made all over the world in
order to reduce the negative effects of ionizing radia-
tion. A part of today's research is aimed at reducing ali-
mentary contamination of animals, thus diminishing
the health risk of consumers. Chemical substances that
bind and immobilize radioisotopes in intestinal tract of
animals, and eliminate them from the body in the case
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of alimentary contamination, are of essential impor-
tance in meat and diary industry. In the last decades,
hexacianoferrats are known as substances that
selectively bind cesium iones. Based on the latter data,
such substances are used as an antidote for cesium ab-
sorption reduction in the animal tissues [3-5].

After the Chernobyl accident, the radioprotector
that was most often used for domestic animals, was
ammonium iron (III) hexacyanoferrate (II) AFCF
[6-18] and clay minerals — clinoptilolite [9, 14, 16, 18,
19].

Considering that researches in the past focused on
animal protection from alimentary contamination by
137Cs, the objective of the present study was to investi-
gate application of AFCF in wild animals — pheasants.
At the same time the intention was to determine and
compare the protection effect of clinoptilolite in pheas-
ants after alimentary contamination with '¥7Cs.

MATERIAL AND METHODS

The pheasants used for this experiment, were
from the species Phasianus colchicus. The experimen-
tal work included two months old female birds from
the “Siroka greda” pheasant farm located near
Padinska Skela, Serbia. The pheasants were raised in
artificial farm conditions based on mass production of
eggs laid by artificially raised hens, incubating the
young, and keeping them until they were transported
to the hunting ground.

The birds brought from the farm were kept in
cages, five female birds in each cage. Feeding and wa-
tering the animals was as they take. The birds were fed
with 20% proteins complete fodder output mix.

In order to examine the protection ability of
complex salt— AFCF and natural mineral clinoptilolite
in the case of alimentary contamination with '3’Cs the
pheasants were divided into groups for single experi-
ment.

The single experiment consisted of five phases.
Total number of animals was 100. Twenty animals
were divided into 4 groups in the each phase with 5
birds in every group. The first group of pheasants was
sacrificed 2 h after giving 1¥’Cs, while the 2™, 3" and
4™ groups after 4 h, 8 h, and 24 h, respectively.

In the first phase of a single experiment (control
group) a natural course of distribution and elimination
of radioactive cesium '3’Cs in meat and internal or-
gans were followed.

In other phases the level of '37Cs activity con-
centration in a single application of '*’Cs water solu-
tion was constant (750 Bg/ml) while the method of ap-
plication of radioprotectors AFCF (0.2 g) and
clinoptilolite (2 g) was changed. The protectors were
administered orally via gastric tube or mixed food in
the form of a pellet.

The level of 137Cs activity concentration was de-
termined by gamma-spectrometry in breast meat, leg
meat and internal organs, gizzard, and liver. All the
samples were minced and homogenized. The mass of
breast meat and leg meat samples were 100-200 g,
while the mass of internal organs gizzard and liver
were 10-30 g.

Statistical analysis was performed using MS Ex-
cel, applying the following statistical methods: AUC
(Area Under Curve calculated using Trapezoidal
Rule), Student's t-test (paired, one-tailed), Chi2-test.

RESULTS AND DISCUSSION

The food was also measured before it was given
to the pheasants, hence the obtained results are ex-
pected to be accurate. The results of pellet mixture in-
vestigation gave the '37Cs activity concentration
from 0.5 Bq/kg-0.6 Bg/kg which was within the range
of low level background radioactivity (less than
1,0 Bg/kg). On the basis of these results, as well as
data, from the literature it can be concluded that 1*7Cs
activity concentration in food has no effect on the ac-
tivity concentration of this radionuclide in meat or in-
ternal organs of the pheasants.

The zero group was neither administered '37Cs
in water solution nor radioprotectors. The birds were
fed with standard pheasant mixtures at the farm. In the
examined samples a low level 1¥’Cs of activity con-
centration was found both in meat and internal or-
gans (0.3 Bq/kg-0.5 Bg/kg). Subsequently, it can be
stated that feeding the pheasants with low-contami-
nated food and keeping them in strictly controlled am-
bient conditions results in birds whose eatable parts
(meat and internal organs) meet the radiation-hygiene
regulations for our country.

The '¥7Cs activity concentration in pheasant's
leg meat, breast meat, liver, and gizzard fed with and
without protectors are given in figs. 1, 3, 5, and 7, re-
spectively.

According to the results obtained in the single
experiment the best effect for leg meat was achieved
by simultaneously giving '*’Cs and radioprotector
AFCF by tube. The lowest measured activity concen-
tration was 18.3 Bq/kg (fig. 1).

Average percentage of protection achieved by
simultaneously giving '3’Cs and AFCF radioprotector
by tube was 90%, which in time — 24 h gradually in-
creased to 91.9% (fig. 2). Stated data are in compliance
with those stated by others authors [19-21].

The highest activity value was obtain during the
application of clinoptilolite mixed with food (247
Bg/kg). It has gradually increased and reached its
highest level for the birds sacrified after 24 hours.

The protection level which has been made using
AFCF-tube is the highest and resulted in a small per-
centage of the presence of 1*’Cs in the leg meat, while
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Figure 1. '¥’Cs activity concentration in pheasant's leg
meat after single alimentary contamination and
protection with AFCF and clinoptilolite in Bq/kg
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Figure 2. Efficiency of AFCF and clinoptilolite in "*'Cs
deposition reduction in pheasant's leg meat after single
alimentary contamination and protection (% of 100%
activity of ¥’Cs compared to the control group without
protector)

the smallest percentage of efficiency was 37.1% when
clinoptilolite mixed in food was given to the pheas-
ants.

The level of 137Cs activity concentration in breast
meat, as well as in leg meat, kept constantly raising with
time from the moment of contamination and protection
(fig. 3). The lowest concentration (6.9 Bq/kg) was mea-
sured in the second phase 4 hours after the AFCF ad-
ministration with tube. The highest level of activity
concentration (101.9 Bg/kg) has been measured in the
5™ phase when clinoptilolite mixed in food was given
and measured in birds slaughtered after 24 hours.
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Figure 3. *’Cs activity concentration in pheasant's breast
meat after single alimentary contamination and protec-
tion with AFCF and clinoptilolite in Bq/kg

Figure 4. Efficiency of AFCF and clinoptilolite in *'Cs
deposition reduction in pheasant's breast meat after
single alimentary contamination and protection (% of
100% activity of “’Cs compared to the control group
without protector)

The highest protection in breast meat after 24
hours was 92.7% (fig. 4). It was achieved applying
AFCF by the tube, which is in accordance with the re-
sults obtained by others authors [9, 18, 20]. The mini-
mum percentage of protector efficiency 40.5% was
measured for birds in the fifth phase, where the
clinoptilolite was mixed in the food.

The experiment results in the liver showed that
137Cs activity concentration is gradually diminishing
in all cases, with the lowest activities measured 24
hours after the contamination and protection (fig. 5).
The lowest activity was in the second phase (19.7
Bg/kg) when AFCF radioprotector was simulta-
neously given with tube administered '3’Cs. The high-
est activity was measured in the fifth phase (1040
Bg/kg) in birds slaughtered after 2 hours.

The highest protection in liver was 92.2% in the
second phase, 24 hours after contamination (fig. 6).
The minimum percentage of radioprotector efficiency
was after 24 hours in the fifth phase and stoped at
50.5%.

The highest '*’Cs activity concentration were
obtained in the experiment with the gizzard. Similar to
experiments with liver '37Cs activity concentration
gradually decreases over time, so the lowest activities
were measured for the birds slaughtered 24 hours after
contamination and protection (fig. 7). The lowest mea-
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Figure 5. ¥'Cs activity concentration in pheasant's liver
after single alimentary contamination and protection
with AFCF and clinoptilolite in Bq/kg
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Figure 6. Efficiency of AFCF and clinoptilolite in *'Cs
deposition reduction in pheasant's liver after single
alimentary contamination and protection (% of 100%
activity of *’Cs compared to the control group without
protector)
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Figure 7. "*"Cs activity concentration in pheasant's
gizzard after single alimentary contamination and
protection with AFCF and clinoptilolite in Bq/kg

sured '37Cs activity concentration was in the third
phase (511 Bg/kg) when the clinoptilolite was given
through the tube. The highest activity was measured in
the second phase and was 1420 Bg/kg.

In the second phase, '37Cs + AFCF (tube), which
has so far shown the lowest '*’Cs activity concentra-
tion, we registered for the first time a small protective
effect on gizzard compared with meat and liver. The
percentage of removed activity 30.5% in the second
phase was lower than the percentage of activity re-
moved in the third phase (fig. 8), which proved to be
the best protection and the effect was 33.6%.
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Figure 8. Efficiency of AFCF and clinoptilolite in *’Cs
deposition reduction in pheasant's gizzard after single
alimentary contamination and protection (% of 100%
activity of *’Cs compared to the control group without
protector)

30.5% in the 2" phase. The latter results are in compli-
ance with those stated by others authors [10, 18, 21,
22]. Reduced protection effect was obtained by a si-
multaneous administration of the '3’Cs water solution
and AFCF mixed in pheasant's food in the form of a
pellet (73.4%-74.9%) for leg meat, breast meat and
liver, while for gizzard it was 21.1%.

The use of clinoptilolite as radioprotector
showed reduced protection effect. At the same time,
single application of '3’Cs and clinoptilolite by tube
gave good protection effect for leg meat, breast meat,
and liver from 65.1%-69.3%, while for gizzard it was
lower than 33.6%. When clinoptilolite was mixed with
the food the protection effect was lower and for leg
meat, breast meat, and liver it was 37.1%-50.5% and
26.8% for gizzard. The above stated data are in com-
pliance with those stated by others authors [14,23-25].

The highest protection efficiency was achieved
using AFCF radioprotector per application while us-
ing mineral clinoptilolite as radioprotector gave a re-
duced amount of protective effect.
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Muxajao Y. BAREHTUJEBUR, IN'oppana K. IAHTEJ/IW, Iyopaska XK. BYKOBU,
Byjagun J. BYKOBWh, bpanuciasa M. MUTPOBWh, [paran 3. XUBAHOB

E®EKAT IMPOTEKINMOHE CIIOCOBHOCTU PAIUOITIPOTEKTOPA
KOJI ®A3AHA TOCIE AJTUMEHTAPHE PAITMOKOHTAMUHAIIMIE 137Cs

Nmajyhu y Busly fa cy mocajallllba UCTpaXKMBama OMila ycMepeHa Ka 3allTUTU goMahux
KMBOTHHbA Of aJUMEHTapHe KOHTaMuHalyje Ie3ujyMOM, Hall Wb je OMo fJa ce ucrpaxe
paguonporekTopcke MoryhHoctu amonujym — rBoxkbe (III) xekcaumjanodepara (II) — AFCF u
KIMHONTHONMHTA. Kao ekcnepruMeHTalHe JKUBOTHE-E KOPUCTHIN cMO (hazaHe u3 pena Phasianus colchicus.
Y excnepumenty je kopumtheHo 100 gazana crapoctu aBa Mecena. ®azanke cy Omie nojeibeHe y MeT
rpyna, cBaka rpyina je Konramuaupasa ca 750 Bq 1¥’Cs no XuBOTHH y jeIHOKPATHOM €KCIIEPUMEHTY.
ExcrniepumeHT ce cactojao of1 5 pasa y Toky Kojux cy ¢azanke nooujane AFCF (0.2 g) u xknuHOOTHOIUT (2
2), y BOIEHOM PacTBOPY WM yMEIIAHO Y XpaHHU y 3aBUCHOCTH Off (paze. HuBo KoHTamuHanuje oapebet je
rama clieKTpOMETPUjCKH Y CBETIIOM MeCY, TAMHOM MECY, jeTpH U MULIMhHOM Xenyny. Pe3ynraTu nokasyjy
fa je HajOOBU eekaT 3allTuTe TIOCTUTHYT nomohy AFCF-a (92.7%) mat y Buly BOfieHOT pacTBopa;
memame AFCF-a ca xpanom jano je 74.9% 3amrure. KIIMHONTHONXT Y BUAY BOJIEHOT pacTBOpa Aao je
edekar 69.3%, u 50.5%, kaja je ymeraH y cMenly 3a ucxpasy ¢aszana.
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