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THE EFFICIENCY OF THE RADIOCESIUM BINDERS- AFCF AND CLINOPTILOLITE IN
BROILER CHICKENS EXPOSED TO ALIMENTARY CONTAMINATION WITH 137Cs
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Various radioprotective agents are used with the aim of protecting
animal and food of animal origin from radioactive contamination. The
most efficient radiocaesium binder in animals is ammonium ferric
hexacyanoferrate (AFCF). Based on the results obtained so far it can be
concluded that the protection efficiency of AFCF in broiler meat and
liver was 88%, after a single 137Cs contamination, followed by
immediate AFCF administration via gastric tube, while when mixed in
the feed pellets this rate increased to 95%. In broiler chickens given
clinoptilolite via gastric tube, the protection efficiency for meat and liver
was 50%, while clinoptilolite mixed in the feed pellets showed the
lowest protection efficiency in meat and liver of only 28%.

Key words: radiocaesium binders, AFCF, clinoptilolite, broiler
chickens, 137Cs

INTRODUCTION

Higher levels of radioactivity and the unequal distribution of radioactive
substances in the environment have led numerous researchers to seek adequate
means to protect animals and food of animal origin from radioactive
contamination. From the aspect of veterinary medicine, the highest importance is
attached to the management of protection of domestic animals and their products
in times of increased environmental radiocontamination. The main use of
radiocaesium binders is to allow unrestricted human consumption of food of
animal origin.

In the case of internal contamination with 137Cs, different substances have
been used to bind this particular radionuclide in the animal digestive tract, thus
preventing its absorption and distribution in tissues and organs (Mladenovi} et al.,
1997). Early studies showed that high levels of potassium in the food stimulate
caesium excretion out of the animal organism (Mraz, 1959; Crage, 1961). Nigrovi}
(1965) and Gligorijevi} (1970) used Berlin blue as a radiocaesium binder, but its
protection efficiency was only 23.0 %. A common radiocaesium binder in use is
bentonite with a protection efficiency of 42.0-70.0% (Mirna, 1970; Hansard, 1964;
Hazzard, 1966; 1969a; Hazzard et al., 1969b; Iben et al., 1987; Rachubik 2000b).

Ammonium ferric hexacyanoferrate (AFCF) is considered to be the most
efficient radiocaesium binder in animals. After the Chernobyl accident, numerous
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authors investigated radioprotective efficiency of AFCF in various animal species
(Margenthal, 1988; Bailer, 1988; Giese, 1989; Vitorovi} 1992; Vi}entijevi}, 2003).
Thus, it was established thata protection effect of 85.0 – 99.0 % may be achieved
by giving AFCF at 0.2- 3.0 g per animal.

Recent literature data also mention clinoptilolite as a radiocaesium binder
showing a protection efficiency of 50.0-70.0 % in broiler chicken meat and edible
inner organs (Mladenovi} et al. 1997; Mladenovi} 2000; Vitorovi} et al., 2002;
Vi}entijevi}, 2003).

The objective of this investigation was to compare these two caesium
binders: AFCF and the mineral clinoptilolite, following a single alimentary
contamination of broiler chickens with 137Cs.

MATERIAL AND METHODS

In this experiment 35-day-old broiler chicken of the linear hybrid Hibro were
used, with 5 chickens placed in each cage. Food and water intake was ad libitum.
Mixed pellets containing 18 % protein were used for feeding.

The experiment encompassed 100 birds randomly divided into five groups,
each consisting of 20 broiler chickens (scheme 1). Each group was further split
into four subgroups, each comprising 5 chickens sacrificed was on the 2nd, 4th,
8th, and 24th hour of the experiment respectively. The chickens were given a single
dose of aqueous 137CsCl solution (3ml), with a specific activity of 750 Bq/ 3ml.
AFCF (0.2 g) and clinoptilolite (2 g) application routes were varied. They were
administered via gastric tube as an aqueous solution (AFCF) or suspension
(clinoptilolite) or mixed in the feed pellets offered ad libitum immediately following
the contamination.

The zero group was neither given 137CsCl solution nor radiocaesium
binders. Food and water intake was ad libitum.
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V group – 137CsCl + clinoptilolite feed

III group – 137CsCl + clinoptilolite tube

II group – 137CsCl + AFCF tube

I group – control (137CsCl)

IV group – 137CsCl + AFCF feed

Figure 1. Experimental sheme



137Cs specific activity in light and dark meat, liver and gizzard were
determined by a gammaspectrometric method. All samples were chopped and
then homogenised. The average weight of white and dark meat samples was 150-
250 g, while that of inner organs (liver and gizzard) samples amounted to 30-60 g.
The gamma irradiation level was measured by a pure germanium vertical detector
(HPGe- high purity germanium, Ortec). The detector efficiency was 30,3 %,
allowing us to detect all the radionuclides of interest above the stated lowest
detection point. Measuring time for samples and basic irradiation level was
12000 s.

RESULTS AND DISCUSSION

Table 1 shows the 137Cs specific activity found in broiler chicken dark meat
after a single alimentary contamination and immediate protection with AFCF and
clinoptilolite administered via gastric tube or mixed in the feed pellets.

The highest level of 137Cs specific activity was measured in the dark meat of
the control group (39,6-300,0 Bq/kg), in which the broilres were administered only
137Cs, without any countermeasures.

The lowest level of 137Cs specific activity was found in the dark meat of the
group 4of broilers (7,6 – 14,5 Bq/kg), which were given AFCF mixed in the pellets.
In the group of broilers, where AFCF was administered via gastric tube the 137Cs
specific activity ranged between 15,1 – 38,6 Bq/kg.

In the broiler chickens given clinoptilolite via gastric tube (group 3), 137Cs
specific activity ranged between 11.6 and 243.7 Bq/kg, while in the group of
broiler chickens receiving clinoptilolite mixed in the feed, 137Cs specific activity
varied between 22.4 and 210.4 Bq/kg.

In Table 2 it can be seen that the percentage of 137Cs deposition was lower in
dark broiler chicken meat, after AFCF and clinoptilolite administered differently.

The highest protection efficiency of 91.0% (80- 97%) was observed in the
broiler chickens receiving AFCF in the feed, while an increase of protection related
to time was also noticeable, which is in accordance with earlier findings by other
authors.

In the group 2 broiler chickens, in which AFCF was administered via gastric
tube, the protection efficiency amounted to 82.0% (62- 90 %) compared with the
control group. The lowest protection efficiency was found in the chickens
sacrificed in the second hour of the experiment (62%). In the broiler chicken
sacrificed in the 4th, 8th, and 24th hour of the experiment, the protection level
increased to 89.0 %, complies with the findings of other authors (Giese, 1971;
Vitorovi}, 1992).

Clinoptilolite administered via gastric tube had a protection efficiency of
53% (18-71 %), with the lowest protection efficiency recorded 24 hours after
contamination. Mladenovi} et al. (1997) determined clinoptilolite protection
efficiency in broiler chicken meat to be 68% in the first three hours, while later on it
increased up to 75%.
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Clinoptilolite mixed in the feed showed a protection efficiency of 31.0 %, the
highest level of protection being in the chickens sacrificed two hours after
contamination.

The 137Cs specific activity found in broiler chicken white meat after a single
alimentary contamination and immediate protection with AFCF or clinoptilolite
administered via gastric tube or mixed in the feed are shown in Table 3.

The highest 137Cs specific activity was measured in white meat of the control
group (44.7 – 1176 Bq/kg), which received only 137Cs, and no radiocaesium
binders.

The lowest 137Cs specific activity in white meat was measured in the group
of chicken, where AFCF was mixed in the feed (2.9 – 4.7 Bq/kg). In the group of
broilers, receiving AFCF via gastric tube 137Cs specific activity ranged from 5.2 to
16.8 Bq/kg.

In the white meat of broiler chickens, to which clinoptilolite was
administered via gastric tube 137Cs specific activity varied from 3.2 to 89.1 Bq/kg,
while in the fifth group of broilers, where clinoptilolite was mixed in the feed 137Cs
specific activity ranged from 19.2 – 68.6 Bq/kg.

The relative decrease of 137Cs deposition decrease in broiler chicken white
meat, after radioprotection by AFCF and clinoptilolite, using two different modes
of application are shown in Table 4.

Broiler chickens fed AFCF in the feed exhibited the highest protection effect
amounting to 94 % on average, with a tendency to increase with time.

Protection efficiency of a somewhat lower degree was observed in broiler
chickens given AFCF via gastric tube, with an average value of 87.0 %, which
confirms results of other authors (Giese, 1971, 1988, 1989; Bailer, 1988; Vitorovi},
1992).

The average via-gastric-tube-administered clinoptilolite protection
efficiency was 59.0 %. The highest efficiency occurred in the second hour and the
lowest after 24 hours. The results obtained are similar to those for the dark meat,
so they are comparable to those found by Mladenovi} et al. (1997).

Clinoptilolite mixed in the feed gave the lowest protection efficiency, the
average value being 35.0 %.

The results for 137Cs specific activity found in the broiler chicken liver, after a
single alimentary contamination and protection with AFCF and clinoptilolite
administered via gastric tube or mixed in the feed are given in Table 5.

The highest 137Cs specific activity was measured in the liver of control group
chickens (315.7 – 638.4 Bq/kg), receiving only 137Cs, and no caesium binders.

The lowest 137Cs specific activity was found in the liver of the group of
chickens, where AFCF was mixed in the feed (7.6 – 28.5 Bq/kg).

In liver samples, from the group receiving AFCF via gastric tube, 137Cs
specific activity ranged between 50.2 and 62.0 Bq/kg. In broiler chickens given
clinoptilolite via gastric tube, 137Cs specific activity ranged between 47.5 and
360.1 Bq/kg, and in those receiving clinoptilolite mixed in the feed, it was 203.0 –
628.0 Bq/kg.

The percentage decrease of 137Cs in broiler chicken liver, after AFCF and
clioptilolite administration in different ways is given in Table 6.

Acta Veterinaria (Beograd), Vol. 54, No. 5-6, 437-446, 2004. 441
Slavata Branislava et al. The efficiency of the radiocesium binders - AFCF
and clinoptilolite in broiler chickens exposed to alimentary contamination with 137Cs



442 Acta Veterinaria (Beograd), Vol. 54, No. 5-6, 437-446, 2004.
Slavata Branislava et al. The efficiency of the radiocesium binders - AFCF

and clinoptilolite in broiler chickens exposed to alimentary contamination with 137Cs
Ta

b
le

3.
13

7 C
s

sp
ec

ifi
c

ac
tiv

ity
in

b
ro

ile
r

ch
ic

ke
n

w
hi

te
m

ea
ta

fte
r

a
si

ng
le

al
im

en
ta

ry
co

nt
am

in
at

io
n

an
d

p
ro

te
ct

io
n

(B
q

/k
g

)

O
rd

.n
o.

G
ro

up
Ti

m
e

of
sa

cr
ifi

ce
af

te
r

th
e

co
nt

am
in

at
io

n
an

d
p

ro
te

ct
io

n
(in

ho
ur

s)

2
4

8
24

1.
13

7 C
s

–
co

nt
ro

l
44

.7
±

9.
14

42
.9

±
6.

07
89

.2
±

2.
97

11
7.

6±
10

.8
3

2.
13

7 C
s

+
A

FC
F(

tu
b

e)
5.

3±
1.

56
N

.S
.

5.
2±

2.
69

**
13

.8
±

1.
88

**
16

.8
±

2.
49

**

3.
13

7 C
s+

cl
in

op
til

ol
ite

(t
ub

e)
3.

2±
1.

27
N

.S
.

17
.2

±
6.

37
**

37
.4

±
13

.0
2*

*
89

.1
±

19
.4

6*
*

4.
13

7 C
s

+
A

FC
F

(f
ee

d
)

3.
5±

1.
39

N
.S

.
4.

7±
1.

96
**

2.
64

±
0.

38
**

2.
9±

1.
18

**

5.
13

7 C
s+

cl
in

op
til

ol
ite

(f
ee

d
)

19
.2

±
10

.1
6N

.S
.

39
.6

±
4.

68
N

.S
.

61
.0

±
14

.9
9*

*
68

.6
±

8.
19

**

N
m

ea
n

va
lu

e
±

st
an

d
ar

d
d

ev
ia

tio
ns

N
.S

.-
N

ot
st

at
is

tic
al

ly
si

g
ni

fic
an

t
*-

S
ta

tis
tic

al
ly

si
g

ni
fic

an
td

iff
er

en
ce

s,
p

<
0.

05
;

**
-

S
ta

tis
tic

al
ly

hi
g

hl
y

si
g

ni
fic

an
td

iff
er

en
ce

s,
p

<
0.

01
.

Ta
b

le
4.

A
FC

F
an

d
cl

in
op

til
ol

ite
ef

fic
ie

nc
y

in
p

re
ve

nt
in

g
13

7 C
s

d
ep

os
iti

on
in

b
ro

ile
r

ch
ic

ke
n

w
hi

te
m

ea
t,

af
te

r
a

si
ng

le
al

im
en

ta
ry

co
nt

am
in

at
io

n
an

d
p

ro
te

ct
io

n
(%

in
re

la
tio

n
to

th
e

co
nt

ro
lg

ro
up

)

G
ro

up
Ti

m
e

of
sa

cr
ifi

ce
af

te
r

co
nt

am
in

at
io

n
an

d
p

ro
te

ct
io

n
(in

ho
ur

s)

2
4

8
24

13
7 C

s+
A

FC
F

(t
ub

e)
88

.0
88

.0
85

.0
86

.0

13
7 C

s+
cl

in
op

til
ol

ite
(t

ub
e)

93
.0

60
.0

58
.0

24
.0

13
7 C

s+
A

FC
F

(f
ee

d
)

92
.0

89
.0

97
.0

98
.0

13
7 C

s+
cl

in
op

til
ol

ite
(f

ee
d

)
57

.0
8.

0
32

.0
42

.0



Acta Veterinaria (Beograd), Vol. 54, No. 5-6, 437-446, 2004. 443
Slavata Branislava et al. The efficiency of the radiocesium binders - AFCF
and clinoptilolite in broiler chickens exposed to alimentary contamination with 137Cs

Ta
b

le
5.

13
7 C

s
sp

ec
ifi

c
ac

tiv
ity

in
b

ro
ile

r
ch

ic
ke

n
liv

er
af

te
r

a
si

ng
le

al
im

en
ta

ry
co

nt
am

in
at

io
n

an
d

p
ro

te
ct

io
n

(B
q

/k
g

)

R
ed

.
b

r.
G

ro
up

Ti
m

e
of

sa
cr

ifi
ce

af
te

r
th

e
co

nt
am

in
at

io
n

an
d

p
ro

te
ct

io
n

(in
ho

ur
s)

2
4

8
24

1.
13

7 C
s

–
co

nt
ro

l
58

9.
0±

54
.2

3
63

8.
4±

12
7.

6
52

5.
6±

87
.0

0
31

5.
7±

51
.8

2

2.
13

7 C
s

+
A

FC
F

(t
ub

e)
52

.3
±

13
.3

0*
*

60
.2

±
35

.2
0*

*
50

.2
±

10
.1

7*
*

62
.0

±
5.

88
**

3.
13

7 C
s+

cl
in

op
til

ol
ite

(t
ub

e)
47

.5
±

28
.7

**
23

8.
0±

89
.3

9*
*

36
0.

1±
13

3.
74

**
23

8.
4±

85
.2

6N
.S

.

4.
13

7 C
s

+
A

FC
F

(f
ee

d
)

15
.3

±
10

.4
5*

*
28

.5
±

13
.1

5*
*

11
.5

±
1.

74
**

7.
6±

1.
60

**

5.
13

7 C
s+

cl
in

op
til

ol
ite

(f
ee

d
)

20
3.

0±
55

.6
**

62
8.

0±
36

.5
0N

.S
.

51
5.

0±
39

.6
7N

.S
.

25
6.

8±
32

.6
9N

.S
.

m
ea

n
va

lu
e

±
st

an
d

ar
d

d
ev

ia
tio

n
N

.S
.-

N
ot

st
at

is
tic

al
ly

si
g

ni
fic

an
t

*
-

S
ta

tis
tic

al
ly

si
g

ni
fic

an
td

iff
er

en
ce

s,
p

<
0.

05
;

**
-

S
ta

tis
tic

al
ly

hi
g

hl
y

si
g

ni
fic

an
td

iff
er

en
ce

s,
p

<
0.

01

Ta
b

le
6.

A
FC

F
an

d
cl

in
op

til
ol

ite
ef

fic
ie

nc
y

in
p

re
ve

nt
in

g
d

ep
os

iti
on

of
13

7 C
s

in
b

ro
ile

r
ch

ic
ke

n
liv

er
af

te
r

a
si

ng
le

al
im

en
ta

ry
co

nt
am

in
at

io
n

an
d

p
ro

te
ct

io
n

(%
d

ec
re

as
e

in
ac

tiv
ity

co
m

p
ar

ed
w

ith
th

e
co

nt
ro

lg
ro

up
)

G
ro

up
Ti

m
e

of
sa

cr
ifi

ce
af

te
r

co
nt

am
in

at
io

n
an

d
p

ro
te

ct
io

n
(in

ho
ur

s)

2
4

8
24

13
7 C

s+
A

FC
F

(t
ub

e)
91

.0
91

.0
90

.0
90

.0

13
7 C

s+
cl

in
op

til
ol

ite
(t

ub
e)

92
.0

63
.0

31
.0

24
.0

13
7 C

s+
A

FC
F

(f
ee

d
)

97
.0

96
.0

98
.0

98
.0

13
7 C

s+
cl

in
op

til
ol

ite
(f

ee
d

)
66

.0
2.

0
2.

0
19

.0



The highest protection efficiency occurred in the broiler chickens given
AFCF mixed in the feed, with an average value of 97.0 %, a somewhat lower value
(90.0 %) was found in those receiving AFCF via gastric tube. The results obtained
are in accordance with earlier data (Mergenthal, 1988; Vitorovi}, 1992;).

Clinoptilolite administered via gastric tube showed a protection efficiency of
52.0 %, with a tendency to decrease in with time. Clinoptilolite mixed in the feed
showed the lowest protection efficiency (22.0 %). The highest protection was
observed in the broilers sacrificed after 2 hours, which is in accordance with the
results of Mladenovi} (1997).

CONCLUSION

1. After a single alimentary contamination of broiler chickens with aqueous
137Cs solution and protection by AFCF, the highest level of protection was
achieved by using AFCF in water solution or mixed in the feed pellets. The
protection effect achieved in meat and liver ranged between 87-97 %.

2. The mineral clinoptilolie had lower protection effect as a caesium binder.
Simultaneous application of 137Cs solution and an aqueous clinoptilolite
suspension gave a protection in meat and liver of 53.0 – 59.0 %.

3. From the radiation and hygienic aspects, the use of AFCF as a
component of broiler chicken feed, should decreased transfer coefficient (Tp=1)
to minimum. Meat and inner edible organs might be consumed with negligible risk
of radioactive contamination.

4. The use of clinoptilolite in its natural form as a domestic countermeasure
may be advised in exceptional circumstances, it being recommended for daily
administration in order to achieve a protection effect of 55.0– 70.0% in broiler
chicken meat and edible organs.
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EFIKASNOST SUPSTSTANCI KOJE VEZUJU RADIOAKTIVNI CEZIJUM - AFCF I
KLONOPTILOLITA KOD BROJLERA IZLO@ENIH ALIMENTARNOJ KONTAMINACIJI

SA 137CS

SLAVATA BRANISLAVA i VITOROVI] GORDANA

SADR@AJ

U cilju za{tite `ivotinja i namirnica animalnog porekla od radioaktivne kon-
taminacije koriste se razli~ita radioprotekciona sredstva. Kao najefikasniji radio-
protektor kod `ivotinja se pokazao amonijum-gvo`|e (III) heksacijanoferat (II) ili
AFCF. Na osnovu dobijenih rezultata se uo~ava da je u mesu i jetri brojlera posle
jednokratne kontaminacije 137Cs i istovremenog davanja AFCF putem sonde efi-
kasnost za{tite iznosila 88,0%, dok je AFCF ume{an u hranu pokazao ve}u efi-
kasnost za{tite od 95,0 %. Kod brojlera koji su dobijali klinoptilolit putem sonde
efikasnost za{tite je bila preko 50,0 % u mesu i jetri, dok je klinoptilolit ume{an u
hranu pokazao najmanju efikasnost za{tite koja je iznosila 28,0 % u mesu i jetri
brojlera.
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