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Con sid er ing that pre vi ous stud ies were mainly fo cused on a pro tec tion of do mes tic an i mals
from al i men tary Cs-con tam i na tion, the ob jec tive of the pres ent study was to in ves ti gate the
pos si bil i ties of am mo nium – iron (III) hexacyanoferrate (II) – AFCF and clinoptilolite as ra -
diopro tec tors. Pheas ants of spe cies Phasianus colchicus were used as trial an i mals. The to tal
num ber of 2 -month old pheas ants was 100. The pheas ants were di vided into five groups;
each group was con tam i nated with 750 Bq of 137Cs per bird in a sin gle ex per i ment. The ex per -
i ment con sisted of 5 phases dur ing which the an i mals were given AFCF (0.2 g) and
clinoptilolite (2 g) ei ther in wa ter so lu tion or mixed with food, ac cord ing to the phase. The
level of con tam i na tion was de ter mined by gamma – spec trom e try in breast meat, leg meat,
liver and giz zard. The re sults show that the best pro tec tion ef fect was ob tained when AFCF is
used in the wa ter so lu tion i. e. 92.7%; while AFCF mix ing with food dem on strated 74.9% of
pro tec tion; clinoptilolite proved less pro tec tive with 69.3% – in the wa ter so lu tion, and
50.5% when mixed with food.
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IN TRO DUC TION

Dur ing the evo lu tion, hu mans and an i mals were
ex posed to en vi ron men tal ra di a tion, with no in flu ence
on the dy namic equi lib rium of eco log i cal sys tem. On
the other hand bio sphere is now a days con tam i nated
with man-made radionuclides (mostly due to en ergy
pro duc tion). It is chang ing eco log i cal char ac ter is tics,
of one or sev eral cy cles of eco sys tem. It is there fore
nec es sary to con trol lev els of nat u ral and ar ti fi cial
radionuclides in the en vi ron ment. This is the only way
to pre serve healthy eco sys tem.

In ac ci den tal cir cum stances, pop u la tion pro tec -
tion from the al i men tary con tam i na tion, is a prime
goal of ra di a tion hy giene. 90Sr, 131I, and 137Cs, which
have metabolical and struc tural analogs in biosystems, 
pose the most sig nif i cant risk.

Af ter the Chernobyl accident in 1986, the at mo -
sphere was con tam i nated with radionuclides such as
134Cs and 137Cs [1]. These organotrope iso topes,  long
liv ing radionuclides, are potencial eco log i cal fac tor of
risk. 

Due to con stant pres ence in the en vi ron ment,
radionuclides en ter in the “food-chain” and make the
an i mal food prod ucts the most fre quent source of hu -
man con tam i na tion by radionuclides [2].

The in crease of con cen tra tion of 137Cs is the most
sig nif i cant in an i mals which live and feed in nat u ral
con di tions and are di rectly ex posed to ra dio ac tive con -
tam i na tion. These an i mals rep re sent the bioindicators
of the en vi ron men tal con tam i na tion. Game is an im por -
tant part of the en vi ron ment, that bindes hu man pop u la -
tion and nat u ral en vi ron ment. Al i men tary con tam i na -
tion is pres ent in the an i mals which take con tam i nated
food and wa ter in in dus trial and in di vid ual farms. The
high est level of 137Cs con tam i na tion is found in flesh of
fish, large and small wild an i mals, as well as do mes tic
graze an i mals (sheep, cow and goat).

Nu mer ous ef forts are made all over the world in
or der to re duce the neg a tive ef fects of ion iz ing ra di a -
tion. A part of to day's re search is aimed at re duc ing al i -
men tary con tam i na tion of an i mals, thus di min ish ing
the health risk of con sum ers. Chem i cal sub stances that 
bind and im mo bi lize ra dio iso topes in in tes ti nal tract of 
an i mals, and elim i nate them from the body in the case

M. ^. Vi}entijevi}, et al.: The Ef fect of Radioprotectors Pro tec tion Abil ity in ...
232 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 2, pp. 232-236

* Cor re spond ing au thor; e-mail: vicamihajlo@ya hoo.com



of al i men tary con tam i na tion, are of es sen tial im por -
tance in meat and di ary in dus try. In the last de cades,
hexacianoferrats are known as sub stances that
selectively bind ce sium iones. Based on the lat ter data,
such sub stances are used as an an ti dote for ce sium ab -
sorp tion re duc tion in the an i mal tis sues [3-5].

Af ter the Chernobyl ac ci dent, the radioprotector
that was most of ten used for do mes tic an i mals, was
am mo nium iron (III) hexacyanoferrate (II) AFCF 
[6-18] and  clay min er als – clinoptilolite [9, 14, 16, 18,
19].

Con sid er ing that re searches in the past fo cused on 
an i mal pro tec tion from al i men tary con tam i na tion by
137Cs, the ob jec tive of the pres ent study was to in ves ti -
gate ap pli ca tion of AFCF in wild an i mals – pheas ants.
At the same time the in ten tion was to de ter mine and
com pare the pro tec tion ef fect of clinoptilolite in pheas -
ants af ter al i men tary con tam i na tion with 137Cs. 

MA TE RIAL AND METH ODS

The pheas ants used for this ex per i ment, were
from the spe cies Phasianus colchicus. The ex per i men -
tal work in cluded two months old fe male birds from
the “Široka greda” pheas ant farm lo cated near
Padinska Skela, Ser bia. The pheas ants were raised in
ar ti fi cial farm con di tions based on mass pro duc tion of
eggs laid by ar ti fi cially raised hens, in cu bat ing the
young, and keep ing them un til they were trans ported
to the hunt ing ground.

The birds brought from the farm were kept in
cages, five fe male birds in each cage. Feed ing and wa -
ter ing the an i mals was as they take. The birds were fed
with 20% pro teins com plete fod der out put mix.

In or der to ex am ine the pro tec tion abil ity of
com plex salt – AFCF and nat u ral min eral clinoptilolite 
in the case of al i men tary con tam i na tion with 137Cs the
pheas ants were di vided into groups for sin gle ex per i -
ment.

The sin gle ex per i ment con sisted of five phases.
To tal num ber of an i mals was 100. Twenty an i mals
were di vided into 4 groups in the each phase with 5
birds in ev ery group. The first group of pheas ants was
sac ri ficed 2 h af ter giv ing 137Cs, while the 2nd, 3rd and
4th  groups af ter 4 h, 8 h, and 24 h, re spec tively.

In the first phase of a sin gle ex per i ment (con trol
group) a nat u ral course of dis tri bu tion and elim i na tion
of ra dio ac tive ce sium 137Cs in meat and in ter nal or -
gans were fol lowed.

In other phases the level of 137Cs ac tiv ity con -
cen tra tion in a sin gle ap pli ca tion of 137Cs wa ter so lu -
tion was con stant (750 Bq/ml) while the method of ap -
pli ca tion of ra diopro tec tors AFCF (0.2 g) and
clinoptilolite (2 g) was changed. The pro tec tors were
ad min is tered orally via gas tric tube or mixed food in
the form of a pel let.

The level of 137Cs ac tiv ity con cen tra tion was de -
ter mined by gamma-spec trom e try in breast meat, leg
meat and in ter nal or gans, giz zard, and liver. All the
sam ples were minced and ho mog e nized. The mass of
breast meat and leg meat sam ples were 100-200 g,
while the mass of in ter nal or gans giz zard and liver
were 10-30 g.

Sta tis ti cal anal y sis was per formed us ing MS Ex -
cel, ap ply ing the fol low ing sta tis ti cal meth ods: AUC
(Area Un der Curve cal cu lated us ing Trap e zoidal
Rule), Stu dent's t-test (paired, one-tailed), Chi2-test.

RE SULTS AND DIS CUS SION

The food was also mea sured be fore it was given
to the pheas ants, hence the ob tained re sults are ex -
pected to be ac cu rate. The re sults of pellet mix ture in -
ves ti ga tion  gave  the  137Cs ac tiv ity con cen tra tion
from 0.5 Bq/kg-0.6  Bq/kg  which was within the range  
of   low   level   back ground  ra dio ac tiv ity  (less  than
1,0 Bq/kg). On the ba sis of these re sults, as well as
data, from the lit er a ture it can be con cluded that 137Cs
ac tiv ity con cen tra tion in food has no ef fect on the ac -
tiv ity con cen tra tion of this radionuclide in meat or in -
ter nal or gans of the pheas ants.

The zero group was nei ther ad min is tered 137Cs
in wa ter so lu tion nor radioprotectors. The birds were
fed with stan dard pheas ant mix tures at the farm. In the
ex am ined sam ples a low level 137Cs of ac tiv ity con -
cen tra tion  was  found  both  in  meat  and  in ter nal  or -
gans  (0.3 Bq/kg-0.5 Bq/kg). Sub se quently, it can be
stated that feed ing the pheas ants with low-con tam i -
nated food and keep ing them in strictly con trolled am -
bi ent con di tions re sults in birds whose eat able parts
(meat and in ter nal or gans) meet the ra di a tion-hy giene
reg u la tions for our coun try.

The 137Cs ac tiv ity con cen tra tion in pheas ant's
leg meat, breast meat, liver, and giz zard fed with and
with out pro tec tors are given in figs. 1, 3, 5, and 7, re -
spec tively.

Ac cord ing to the re sults ob tained in the sin gle
ex per i ment the best ef fect for leg meat was achieved
by si mul ta neously giv ing 137Cs and ra diopro tec tor
AFCF by tube. The low est mea sured ac tiv ity con cen -
tra tion was 18.3 Bq/kg (fig. 1).

Av er age per cent age of pro tec tion achieved by
si mul ta neously giv ing 137Cs and AFCF radioprotector
by tube was 90%, which in time – 24 h grad u ally in -
creased to 91.9% (fig. 2). Stated data are in com pli ance 
with those stated by oth ers au thors [19-21]. 

The high est ac tiv ity value was ob tain dur ing the
ap pli ca tion of clinoptilolite mixed with food (247
Bq/kg). It has grad u ally in creased and reached its
high est level for the birds sacrified af ter 24 hours.

The pro tec tion level which has been made us ing
AFCF-tube is the high est and re sulted in a small per -
cent age of the pres ence of 137Cs in the leg meat, while

M. ^. Vi}entijevi}, et al.: The Ef fect of Radioprotectors Pro tec tion Abil ity in ...
Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2013, Vol. 28, No. 2, pp. 232-236 233



the small est per cent age of ef fi ciency was 37.1% when
clinoptilolite mixed in food was given to the pheas -
ants.

The level of 137Cs ac tiv ity con cen tra tion in breast
meat, as well as in leg meat, kept con stantly rais ing with
time from the mo ment of con tam i na tion and pro tec tion
(fig. 3). The low est con cen tra tion (6.9 Bq/kg) was mea -
sured in the sec ond phase 4 hours af ter the AFCF ad -
min is tra tion with tube. The high est level of ac tiv ity
con cen tra tion (101.9 Bq/kg) has been mea sured in the
5th phase when clinoptilolite mixed in food was given
and mea sured in birds slaugh tered  af ter 24 hours.

The high est pro tec tion in breast meat af ter 24
hours was 92.7% (fig. 4). It was achieved ap ply ing
AFCF by the tube, which is in ac cor dance with the re -
sults ob tained by oth ers au thors [9, 18, 20]. The min i -
mum per cent age of pro tec tor ef fi ciency 40.5% was
mea sured for birds in the fifth phase, where the
clinoptilolite was mixed in the food.

The ex per i ment re sults in the liver showed that
137Cs ac tiv ity con cen tra tion is grad u ally di min ish ing
in all cases, with the low est ac tiv i ties mea sured 24
hours af ter the con tam i na tion and pro tec tion (fig. 5).
The low est ac tiv ity was in the sec ond phase (19.7
Bq/kg) when AFCF radioprotector was si mul ta -
neously given with tube ad min is tered 137Cs. The high -
est ac tiv ity was mea sured in the fifth phase (1040
Bq/kg) in birds slaugh tered  af ter 2 hours.

The high est pro tec tion in liver was 92.2% in the
sec ond phase, 24 hours af ter con tam i na tion (fig. 6).
The min i mum per cent age of radioprotector ef fi ciency
was af ter 24 hours in the fifth phase and stoped at
50.5%.

The high est 137Cs ac tiv ity con cen tra tion were
ob tained in the ex per i ment with the giz zard. Sim i lar to
ex per i ments with liver 137Cs ac tiv ity con cen tra tion
grad u ally de creases over time, so the low est ac tiv i ties
were mea sured for the birds slaugh tered 24 hours af ter
con tam i na tion and pro tec tion (fig. 7). The low est mea -
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Fig ure 1. 137Cs ac tiv ity con cen tra tion in pheas ant's leg
meat af ter sin gle al i men tary con tam i na tion and
pro tec tion with AFCF and clinoptilolite in Bq/kg

Fig ure 2. Ef fi ciency of AFCF and clinoptilolite in 137Cs
de po si tion re duc tion in  pheas ant's leg meat af ter sin gle
al i men tary con tam i na tion and pro tec tion (% of 100%
ac tiv ity of 137Cs com pared to the con trol group with out
pro tec tor)

Fig ure 3. 137Cs ac tiv ity con cen tra tion in pheas ant's breast 
meat af ter sin gle al i men tary con tam i na tion and pro tec -
tion with AFCF and clinoptilolite in Bq/kg

Fig ure 4. Ef fi ciency of AFCF and clinoptilolite in 137Cs
de po si tion re duc tion in pheas ant's breast meat af ter
sin gle al i men tary con tam i na tion and pro tec tion (% of
100% ac tiv ity of 137Cs com pared to the con trol group
with out pro tec tor)

Fig ure 5. 137Cs ac tiv ity con cen tra tion in pheas ant's liver
af ter sin gle al i men tary con tam i na tion and pro tec tion
with AFCF and clinoptilolite in Bq/kg



sured 137Cs ac tiv ity con cen tra tion was in the third
phase (511 Bq/kg) when  the clinoptilolite was given
through the tube. The high est ac tiv ity was mea sured in 
the sec ond phase and was 1420 Bq/kg.

In the sec ond phase, 137Cs + AFCF (tube), which
has so far shown the low est 137Cs ac tiv ity con cen tra -
tion, we reg is tered for the first time a small pro tec tive
ef fect on giz zard com pared with meat and liver. The
per cent age of re moved ac tiv ity  30.5% in the sec ond
phase was lower than the per cent age of ac tiv ity re -
moved in the third phase (fig. 8), which proved to be
the best pro tec tion and the ef fect was 33.6%.

CON CLU SIONS

The max i mum ef fect of pro tec tion was achieved
by a sin gle con tam i na tion of pheas ants with wa ter so -
lu tion of 137Cs and si mul ta neous ad min is tra tion of the
wa ter so lu tion of AFCF by tube. The achieved ef fect
of pro tec tion in leg meat, breast meat, and liver was
91.9%-92.7%, while in giz zard it was lower, i. e.
30.5% in the 2nd phase. The lat ter re sults are in com pli -
ance with those stated by oth ers au thors [10, 18, 21,
22]. Re duced pro tec tion ef fect was ob tained by a si -
mul ta neous ad min is tra tion of the 137Cs wa ter so lu tion
and AFCF mixed in pheas ant's food in the form of a
pel let (73.4%-74.9%) for leg meat, breast meat and
liver, while for giz zard it was 21.1%.

The use of clinoptilolite as radioprotector
showed re duced pro tec tion ef fect. At the same time,
sin gle ap pli ca tion of 137Cs and clinoptilolite by tube
gave good pro tec tion ef fect for leg meat, breast meat,
and liver from 65.1%-69.3%, while for giz zard it was
lower than 33.6%. When clinoptilolite was mixed with  
the food the pro tec tion ef fect was lower and for leg
meat, breast meat, and liver it was 37.1%-50.5% and
26.8% for giz zard. The above stated data are in com -
pli ance with those stated by oth ers au thors [14, 23-25].

The high est pro tec tion ef fi ciency was achieved
us ing AFCF radioprotector per ap pli ca tion while us -
ing min eral clinoptilolite as radioprotector gave a re -
duced amount of pro tec tive ef fect.
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EFEKAT  PROTEKCIONE  SPOSOBNOSTI  RADIOPROTEKTORA
KOD  FAZANA  POSLE  ALIMENTARNE  RADIOKONTAMINACIJE  137Cs

Imaju}i u vidu da su dosada{wa istra`ivawa bila usmerena ka za{titi doma}ih
`ivotiwa od alimentarne kontaminacije cezijumom, na{ ciq je bio da se istra`e
radioprotektorske mogu}nosti amonijum – gvo`|e (III) heksacijanoferata (II) – AFCF i
klinoptiolita. Kao eksperimentalne `ivotiwe koristili smo fazane iz reda Phasianus colchicus.
U eksperimentu je kori{}eno 100 fazana starosti dva meseca. Fazanke su bile podeqene u pet
grupa, svaka grupa je kontaminirana sa 750 Bq 137Cs po `ivotiwi u jednokratnom eksperimentu.
Eksperiment se sastojao od 5 faza u toku kojih su fazanke dobijale AFCF  (0.2 g)  i  klinoptiolit (2
g), u vodenom rastvoru ili ume{ano u hrani u zavisnosti od faze. Nivo kontaminacije odre|en je
gama spektrometrijski u svetlom mesu, tamnom mesu, jetri i mi{i}nom ̀ elucu. Rezultati pokazuju
da je najboqi efekat za{tite postignut pomo}u AFCF-a (92.7%) dat u vidu vodenog rastvora;
me{awe AFCF-a sa hranom dalo je 74.9% za{tite. Klinoptiolit u vidu vodenog rastvora dao je
efekat 69.3%, i 50.5%, kada je ume{an u sme{u za ishranu fazana.

Kqu~ne re~i: radiokontaminacija, 
137

Cs, radioprotekcija, AFCF, zeolit, fazan, meso,
.........................unutra{wi or gan


