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The dependence of ’Cs absorption by carp fish feed...

Abstract. In the context of increased radioactive contamination of aquatic ecosystems following the
Chornobyl accident, there is a clear need for a scientifically sound selection of feed additives to reduce
137Cs accumulation in fish. This study aimed to determine the optimal concentrations and types of
Prussian Blue (PB)/hexacyanoferrates in feed, considering both their radiological effectiveness and
economic viability. The research employed a wet granulation method for feeds, with the addition of
ferrocin, potassium ferric hexacyanoferrate (KFCF), and ammonium ferric hexacyanoferrate (AFCF)
at concentrations of 0.1% and 1%. This was followed by a series of batch experiments to measure
the activity concentration of *”Cs and calculate the distribution coefficients over time. The results
indicated that moistening the feed in an aqueous medium led to a three-fold increase in its mass
within the first hour of contact, after which a steady state was achieved. For all types of PB, the ¥*’Cs
distribution coefficients consistently increased during the first 120 minutes, reaching 3.5-4.5 L/kg at
0.1% PB content and 5.6-6.2 L/kg at 1%. No statistically significant difference was recorded between
the types of hexacyanoferrates, suggesting similar effectiveness for ferrocin, KFCF, and AFCF at the
same concentration. However, it was established that increasing the concentration from 0.1% to 1%
only doubled the effectiveness, which raises questions about the economic viability of such a step. The
practical significance of the data obtained lies in the potential for using feeds supplemented with the
most accessible forms of Prussian Blue to reduce the radioactive burden in fish farming, particularly in
radioactively contaminated water bodies

Keywords: radiocaesium; hexacyanoferrate; countermeasure; radioactive contamination; freshwater

fish; reduction factor

Introduction

Various types of Prussian Blue (PB)/hexacyano-
ferrates very effectively absorb caesium from
solutions, which allowed their use as a primary
countermeasure in animal husbandry after the
Chornobyl accident.Areport by the expert group of
the Chornobyl Forum of the International Atomic
Energy Agency (IAEA) (Anspaugh & Balonov, 2006)
states that in some settlements, fish are the main
source of radiocaesium intake into the body and
internal radiation dose for the population. In this
regard, it is relevant to assess the radiological
effectiveness of using PB to reduce radioactive
contamination in fish based on the dynamics of
¥7Cs absorption by fish feed depending on the
content of different types of hexacyanoferrates.

The IAEA recommendations conclude that
the use of protective measures/countermeasures
is the most effective way to protect the popula-
tion from radiation after the Chornobyl NPP acci-
dent. The national report of Ukraine compiled by
I.V. Abramenko et al. (2022) states that the main

part of 3%1’Cs enters the human body through
livestock products. Numerous experimental stud-
ies by A. Karpenko et al. (2023) and O.N. Antipen-
ko (2023) showed that the most effective and
inexpensive countermeasures aimed at reducing
radiocaesium intake into the human body and
livestock products are the use of various types
of Prussian Blue as feed additives. Based on the
summarised data, A. Nisbet & J. Sherwood (2024)
concluded that the radiological effectiveness of
using PB to reduce **¥’Cs content in the meat
and milk of cattle, as well as the meat of sheep,
deer, and pigs, is 80-90%.

In European countries, including Austria,
Germany, Norway, France and the United King-
dom, ammonium ferric hexacyanoferrate (AFCF) -
NH,Fe [Fe (CN),]) was used as an animal feed
additive after the Chernobyl accident, the price
of which currently reaches 1 Euro per 1 g. Due
to the high cost of AFCF in Ukraine after the
Chornobyl accident, ferrocin (a mixture of 95%
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ferric hexacyanoferrate (FCF - Fe, [Fe (CN),],) and
5% potassium ferric hexacyanoferrate (KFCF -
KFe [Fe (CN),])), was used, the price of which is
significantly lower (0.05 Euro per 1 g) (Thermo
Scientific Chemicals, 2025).

PB has found wide application not only in
radiation protection as an antidote for internal
intake of thallium and caesium radioisotopes
due to its exceptional adsorption properties,
but also in nanomedicine, chemical sensing, ca-
talysis, spectroscopy, food production, and ion
batteries. C. Rodwihok et al. (2024) showed that
hexacyanoferrate forms insoluble colloids and
its ability to adsorb Cs* reaches 200 g/g, which is
more than 1000 times more effective compared
to other alkali metals, such as potassium and so-
dium ions. Therefore, PB prevents caesium from
being absorbed in the gastrointestinal tract (GIT)
of animals and entering the blood, as a result of
which caesium radioisotopes are transited out of
the body with faeces. N. Chakraborty et al. (2024)
investigated nanoscale forms of Prussian Blue
as promising materials for medical applications,
particularly for combating infections, controlling
wound processes, and drug delivery. The authors
emphasise that the ability for selective adsorp-
tion of cations, including caesium, opens up
prospects for interdisciplinary use of these com-
pounds. The work by D. Parajuli et al. (2025) is de-
voted to developing a protocol for the long-term
storage of radioactive caesium in the form of
stable complexes with metal hexacyanoferrates.
The research results confirmed the exceptional
stability of such compounds, allowing them to be
considered a safe form of radionuclide isolation
in industry and ecology. Researchers S. Khandak-
er et al. (2025) created an innovative adsorbent in
which potassium hexacyanoferrate is embedded
in the structure of layered hydroxides, ensuring
high efficiency of '*’Cs extraction from seawater.
The authors demonstrated that the obtained ma-
terial retains sorption properties even in complex
conditions with a high content of competing ions.

Employees of NULES (National University
of Life and Environmental Sciences) of Ukraine,

Kashparov et al.

P. Pavlenko et al. (2023), in natural conditions of
the Chornobyl exclusion zone, and V. Kashparov et
al. (2024), in controlled laboratory experiments,
showed the high radiological effectiveness of
using one type of PB, namely potassium ferric
hexacyanoferrate (KFCF), to reduce radiocaesi-
um activity in fish. In the study by P. Pavlenko et
al. (2023), the activity concentration of *’Cs
in silver carp was reduced by 7-16 times and
12-27times when the feed contained 0.1% and 1%
KFCF, respectively. At the same time, the dynam-
ics of ’Cs sorption from water by feed contain-
ing 1% and 0.1% KFCF, which was manufactured
under industrial conditions by extrusion - dry
granulation - was studied. In farm animals, KFCF
additives in feed affected **’Cs absorption in the
GIT, but did not affect the rate of excretion of
caesium already deposited in the body. For fish,
in the work of V. Kashparov et al. (2024), the ef-
fect of KFCF on the rate of radiocaesium excre-
tion from the body of silver carp was statistically
significantly established for the first time, which
was almost twice the excretion rate when only
pure feed without KFCF was used. Based on the
results obtained, it can be concluded that the use
of KFCF in fish feed is a highly effective and inex-
pensive countermeasure. The use of other types
of PB (hexacyanoferrates), such as AFCF or ferro-
cin, may also be effective, but requires further
study. The aim of this work was to evaluate the
dynamics of *’Cs sorption by feed containing 0%,
0.1%,and 1% AFCF, KFCF, and ferrocin from water
under controlled laboratory conditions, to provide
a scientific basis for using optimal concentrations
of various types of PB in feeds, in terms of radi-
ological effectiveness and price, to reduce **’Cs
radioactive contamination in fish.

Materials and Methods
The experiment was conducted at the Ukrainian
Institute of Agricultural Radiology of the Nation-
al University of Life and Environmental Sciences
of Ukraine in 2024. Industrial feed for carp fish
produced by “Skalaria” (Ukraine) with a pellet
size of 3 mm, containing 30% protein, 10% fat,
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3% fibre and vitamins A, Dz, E and C, was used
as a control and basis for the preparation of feed
with different contents of various types of Prus-
sian blue (PB). Feed with different PB contents
was produced in laboratory conditions using
the wet granulation method. For this purpose,
industrial feed for carp fish from the company
“Skalaria” (Ukraine) was ground for 100 seconds
in an IKA Model M 20 SO000 crusher (Germany)
to obtain a control batch of feed that did not
contain PB and a base for preparing feed with a
content of 0. 1% and 1% PB (Fig. 1): ferrocin - a
mixture of 95% ferric hexacyanoferrate (FCF) -
Fe,[Fe (CN),], and 5% (KFCF) (Ukraine), potassium
ferric hexacyanoferrate (KFCF) - KFe [Fe (CN),]
and ammonium ferric hexacyanoferrate (AFCF,
Giese salt) - NH,Fe [Fe (CN), (Thermo Scientific
Chemicals, 2025). To prepare feed with a 1% PB
content, 1 g of PB (Fig. 1a) was added to 99 g of

nv

crushed basic feed (Fig. 1b) and thoroughly mixed
again for 100 seconds in an IKA Model M 20 S000
crusher (Fig. 1c). After that, 10 g of feed contain-
ing 1% PB was added to 90 g of mixed basic feed
and thoroughly mixed again for 100 seconds in a
crusher to prepare feed with a concentration of
0.1% PB. All equipment was thoroughly cleaned
after each stage of feed preparation to prevent
cross-contamination of hexacyanoferrate in the
feed. For wet granulation, 60% distilled water was
added to a 100 g mixture of feed with different
PB contents and thoroughly mixed until a homo-
geneous plastic mass was obtained (Fig. 1d). Wet
granulation of the feed was carried out using a
manual meat grinder. The feed was then dried in
an oven at 105°C for 1 hour (Fig. 1d).

As a result of the work done, feed contain-
ing 0%,0.1% and 1% ferrocin, KFCF and AFCF was
prepared (Fig. 2).

Figure 1. Stages of feed preparation with different PB content: grinding of the main feed
Note: a - does not contain PB; b - addition of 1 g of PB to the main feed; ¢ - homogenisation of feed with 1% PB;
d - moistening of feed for wet granulation; e - drying of feed at 105 °C

Source: developed by the authors

0% PB

0.1% of ferrocin 1% of ferrocin

0.1% KFCF

W OQ

1% KFCF 0.1% AFCF 1% AFCF

Figure 2. Feed containing 0%, 0.1% and 1% ferrocin, KFCF and AFCF

Source: developed by the authors

The dynamics of *’Cs sorption from water by
feed with different contents and types of selective
cesium sorbent containing 0%, 0.1% and 1% ferro-
cin, KFCF and AFCF after wet granulation were de-
termined in 33 ml plastic vessels with holes in the

bottom.The tare weight (wet beaker with holes and
Petri dish lining) was 9 g. Feed samples weighing
50%0.1 g (DM) with different hexacyanoferrate
contents were used. The feed samples were kept
for different periods of time (1 minute, 5 minutes,
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15 minutes, 30 minutes, 60 minutes and 120 min-
utes) in 800 ml glasses with distilled H,0, to which

Kashparov et al.

a solution of *¥’Cs (3 ml with activity concentra-

tion of 0.62 #0.05 kBg ml') was added (Fig. 3).

Figure 3. Study of "*’Cs sorption by feed with different hexacyanoferrate contents
from an aqueous solution

Source: developed by the authors

After each soaking stage in the solution,
the wet mass (WM) was measured using a KERN
balance (Germany) with an accuracy of 0.01 g.
The ¥’Cs activity in the feed was measured in
a weighing bottle for 300 seconds using a scin-
tillation gamma spectrometer (SEG-05, Ukraine;
LSRP software) with a 63 x 63 mm Nal(Tl) detec-
tor within a passive shield (5 cm) (Fig. 4). As the
sample volumes often didn’t match the calibra-
tion geometry, correction factors were applied.
Geometric correction was based on determining

1.0
0.9
08
0.7
0.6
0.5

CF

0.4
03
02 RZ=0.997
0.1

0.0

0 5 10 15 20 25 30 35 40
Sample mass, g

the mass/volume of the sample in each contain-
er. The correction factors were calculated using
the relationship between efficiency and sample
volume for each container with known solu-
tion activity. The correction factors (CF) for the
15 ml H,0 weighing bottle geometry were 0.6
(Fig. 4a). After each stage of **’Cs absorption by
the feed from the solution, its activity concentra-
tion was monitored in 120 ml plastic containers.
The correction factors (CF) for the “100 ml H,O
powder” geometry were 0.8 (Fig. 4).

%05

0 20 40 60 80
Sample mass, g

Figure 4. Correction factors (CF) for measuring ¥’Cs activity in water in plastic vessels

Note: a - 33 ml beakers,b - 120 ml “powder”
Source: developed by the authors

A standard set of MS Excel tools was used
to analyse the experimental data, namely to ob-
tain mean values and standard deviations. The

reliability of the differences between samples was
analysed using the non-parametric Kruskal-Wal-
lis test. Statistical significance was set at p<0.05.
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Results and Discussion
The results obtained show the change in feed
weight and '*Cs distribution coefficients (sol-
id-liquid distribution coefficient (K - the ratio
of the activity concentration of **’Cs in the feed
(C, Ba/kg) to the activity concentration of **'Cs
in the solution (C,, Bg/L)) depending on the con-
tact time with water (Fig. 5). From the results, it’s
clear that the activity concentration of **’Cs was
highest in the feed prepared by wet granulation
that contained 1% ferrocin, KFCF, or AFCF, after
120 minutes of contact with the solution (Ta-
ble 1). At this point, the activity concentration of
B7Cs in the feed at natural moisture content (WM,
wet mass) was K, =5.6-6.2 times higher than its
activity concentration in water (2.3 0.2 kBq/L),
and 3.7-4.2 times higher compared to feed that
did not contain hexacyanoferrates (Fig. 5). When
the feed contained 0.1% of different PB types,
radiocaesium was absorbed only 1.4-1.6 times
less effectively compared to feed containing
1% hexacyanoferrates (Table 1). No statistically

significant differences (p > 0.05) were observed
in the absorption of **’Cs from water by feed
with different types of caesium-selective sorb-
ent, whether it contained 0.1% or 1% of ferrocin,
KFCF, or AFCF (Fig. 5, Table 1).

The activity concentration of *’Cs in feed with
1% and 0.1% hexacyanoferrates, after 120 minutes
of contact with the solution, was approximately
4 times higher compared to feed that contained
no hexacyanoferrates at all (Table 1). This was
partly due to its wetting by the solution (the mass
increased threefold from 5 g to 15 g after being
kept in water (Fig. 5a, 5b, and 5c¢)). In feed with
1% KFCF, which was prepared by dry granulation
and used in the work of P. Pavlenko et al. (2023)
and V. Kashparov et al. (2024), the *’Cs distribu-
tion coefficients were lower (K, =3.6 #0.2 (Bq/
kg)/(Bg/L)) compared to feed prepared by
wet granulation (K, = 5.9 * 0.2 (Bg/kg)/(Ba/L),
Fig.5b). This is attributed to its higher density and
less wetting by the solution (mass increased only
twofold when kept in water).
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Figure 5. Dynamics of feed weight (Mass FM, g) and ¥’Cs distribution coefficients

at different iron hexacyanoferrate contents
Note: K, - ratio of activity concentration of **’Cs in feed (C, Bg/kg) to the activity concentration of **’Cs in solution

(C,,Ba/L); a - Ferrocin, a mixture of 95% ferric hexacyanoferrate (FCF) - Fe, [Fe (CN) ],

and 5% (KFCF) - KFe[Fe(CN),J;

b - potassium ferric hexacyanoferrate (KFCF) - KFe[Fe(CN),]; ¢ - ammonium ferric hexacyanoferrate (AFCF) -

(NH,Fe[Fe(CN),])
Source: developed by the authors
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Table 1. Activity concentration of *’Cs in feed (C, Bq/kg WM) at different iron ferric
hexacyanoferrate contents

Activity concentration of "*’Cs in feed, Bq/kg

Feed

composition, % Hexacyanoferrate e o contact with the  of contact with the

solution solution solution

Ferroch aang"g‘;o“[(ngfF%% 6.4+0.6 9.641.0 131413

1 A exai‘;gansjfigrrrr‘argrngCF) 6.6+0.7 9.8+1.0 13.7+1.4
hexﬁg};’:}%’;glrgt‘;ezﬂ‘;CF) 9.3+0.9 11.6+1.2 14.6+1.5

Ferrocin, a mixture of 95% 3.5+0.4 5.5+0.6 8.0+0.8

0.1 hexaz;gansjfig::‘a{gr{}?FCF) 4605 6.3+0.6 9.4+0.9

. exﬁé‘;g}'}%@ggtzezﬂ‘;CF) 5.5:0.6 9.3+0.9 10.4£1.0

0 FCF, KFCF i AFCF 29+0.5 3.6+0.5 3.5+0.5

Source: developed by the authors

Based on the experimental results (Fig. 5),
the parameters of approximation of the kinet-
ics of cesium sorption by feed with different
hexacyanoferrate contents upon contact with
the solution t=0.25-2 hours were obtained by
a linear dependence of the type K, () =a + bt

(Table 2).The results show that the rate of increase
in the distribution coefficient of 137Cs in feed
containing 1% PB (2.0+0.1 L/kg/hour) was 1. 3-2
(1-1.5 L/kg/hour) and 10 (0.2 £ 0.1 L/kg/hour)
times higher compared to feed containing 0.1%
and 0% hexacyanoferrates, respectively.

Table 2. Time dependencies of '*’Cs distribution coefficients in feed (K (t)=a+bt), L/kg

c ompE)es?g on, % Hexacyanoferrate a ((ggllll()g)/ b, L/kg/ hour  R?
Ferrocin, a mixture of 95% FCF and 5% KFCF 1.9+0.2 2.0+0.1 0.98
1 Potassium ferric hexacyanoferrate (KFCF) 1.9+0.2 2.0+0.1 0.99
Ammonium ferric hexacyanoferrate (AFCF) 2.5+0.3 2.0+0.1 0.88
Ferrocin, a mixture of 95% FCF and 5% KFCF 1.4+0.2 1.0+0.2 0.87
0.1 Potassium ferric hexacyanoferrate (KFCF) 1.4+0.2 1.3+0.1 0.998
Ammonium ferric hexacyanoferrate (AFCF) 1.8+0.3 1.5+0.2 0.85
0 FCF, KFCF i AFCF 1.2+0.2 0.2+0.1 0.70

Source: developed by the authors

K. Niizeki et al. (2020) in experiments with
the cultivation of Japanese dace (Tribolodon ha-
konensis) and K. Matsuda et al. (2020) in five spe-
cies of salmonids showed that the main activity
of ¥¥Cs enters fish orally along with radioactively
contaminated feed (over 99%) and a small part
(less than 1%), mainly in winter, enters directly

from water. The rate of **’Cs entering fish direct-
ly from water is k= 0.03-0.07 1/day, which was
obtained in experiments at different temperatures
and for different fish species in experiments by
V. Kashparov et al. (2024) and T. Wada et al. (2023).
Thus, with a *¥Cs content in water (C) at the level
of units Bg/l and an excretion rate k =0.007 1/day,
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the equilibrium activity concentration of *’Cs in
fish (C =C 'k /k,, Ba/kg) due to water contami-
nation alone will not exceed tens of Bg/kg. At the
same time, due to the contamination of natural fish
feed in real natural conditions, the activity concen-
tration of **’Cs in fish is hundreds of times higher
and reaches thousands of Bq/kg when the content
of radiocaesium in water is at the level of units
Bag/l (Man & Kwok, 2000; Kaglyan et al.,2024). Con-
sidering that fish usually consume artificial feed in
less than 1 hour, the contamination of feed with
37Cs from hexacyanoferrate due to sorption will be
insignificant and less than 4 times different from
traditional fish feed without PB (Fig. 5). Therefore,
the activity concentration of *’Cs in artificial feed
with PB will slightly exceed the radioactive con-
tamination of water in the reservoir.

Depending on the size of the fish and the
water temperature, no more than 5-8% of artifi-
cial feed per live weight of carp fish is used daily
(Shipton, 2021; CARP 2022-2023,2023; Huang et
al., 2025). With a radio-caesium content in water
at a level of units Bq/l, the intake of firmly fixed
137Cs per 1 kg of live weight of fish per day will be
less than 1 Bqg/day together with artificial feed
with PB. This will lead to a steady-state activi-
ty concentration in fish of less than 100 Bg/kg,
which is an order of magnitude lower than the
contamination of fish in similar natural condi-
tions (Man & Kwok, 2000; Wada et al., 2023).

Since the sorption properties of feed with dif-
ferent types of Prussian blue did not differ statis-
tically significantly, it can be concluded that their
radiological effectiveness will be the same and
will correspond to the radiological effectiveness
of using similar feed for cyprinid fish with KFCF
additives. As shown in the works of P. Pavlenko et
al. (2023) and V. Kashparov et al. (2024), the radi-
ological effectiveness (reduction factor) of using
similar feed for cyprinid fish from the “Skalaria”
company, both in laboratory and real conditions
in the Chernobyl exclusion zone,was 7-16 and 12-
27 times higher with a feed content of 0.1% and
1% KFCF. Thus, when the concentration of KFCF

in the feed was increased 10 times from 0.1%
to 1%, the radiological effectiveness increased
only 2 times, which is consistent with the results
of changes in the sorption capacity of various
types of hexacyanoferrates obtained in this work
(Tables 1 and 2). Even with a feed content of 0.1%
PB, its radiological effectiveness remains extreme-
ly high (about 10 times) and exceeds the effec-
tiveness of countermeasures previously proposed
to reduce cesium radioisotope contamination of
fish in freshwater reservoirs many times over. Re-
searchers J.T. Smith et al. (2003) proposed increas-
ing the concentration of the chemical analogue
of caesium, potassium, in water by adding large
amounts of KCl to reservoirs. In real conditions,
when 15 tonnes of potassium chloride fertiliser
were added to Lake Svyatoe (0.05 kg per m? of wa-
ter surface), the resulting desorption of previously
fixed caesium from bottom sediments resulted in
short-term and insignificant radiological effec-
tiveness (less than 40%).A.Ye.Kaglyan et al. (2018)
patented a method for cleaning crucian carp from
1¥%7Cs by transferring the fish to clean water and
using clean feed. This method requires labour-in-
tensive fishing and keeping the fish in “clean” con-
ditions, which only reduces the activity of **’Cs in
fish by half after 100 days. In contrast, as shown by
V. Kashparov et al. (2024), the use of feed contain-
ing 0.1% KFCF allows the activity concentration of
1%7Cs in crucian carp to be reduced by half in just
30 days without catching fish in “dirty water”.

The results obtained indicate that the ra-
diological effectiveness of using different types
of Prussian blue in feed for carp fish will be the
same, and the main factor determining the fea-
sibility of using one type of hexacyanoferrate or
another will be its price and availability. It has
been established that with the cost of feed for
carp fish in Ukraine at around 1-2 euros per kilo-
gram, adding 0.1% ferrocin or KFCF (0.05 euros
per 1 g) to it will increase the cost of feed with
radioprotective properties by less than 5%. A
similar application of AFCF can double the cost
of feed (Thermo Scientific Chemicals, 2025). The
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results of the study indicate the potential for cre-
ating inexpensive and effective feed additives to
reduce radioactive contamination of fish, which
may be of practical importance in restoring safe
fish farming in post-radiation regions.

Summarising the results obtained, it should
be noted that all the studied types of Prussian
blue - ferrocin, potassium ferric hexacyanofer-
rate (KFCF) and ammonium ferric hexacyano-
ferrate (AFCF) -demonstrate similar sorption
capacity for *¥”Cs at the same concentrations in
feed. Although increasing the content of hexacy-
anoferrates in feed from 0.1% to 1% increases
radiological efficiency, this increase is not pro-
portional and is accompanied by a significant in-
crease in the cost of the product. Given the lack
of statistically significant differences in sorption
properties between types of hexacyanoferrates,
the choice of a specific compound is determined
primarily by its cost and availability. Therefore, it
is advisable to continue the practical implemen-
tation of the most cost-effective forms of PB in
fish feed in post-radiation regions.

Conclusions
As a result of the wet granulation process, feed
for carp fish was produced with 0%, 0.1% and
1% ferrocin (a mixture of 95% ferric hexacyano-
ferrate) - Fe, [Fe (CN),], and 5% potassium ferric
hexacyanoferrate - KFe [Fe (CN),]; potassium fer-
ric hexacyanoferrate - KFe [Fe (CN),] and ammo-
nium ferric hexacyanoferrate - (NH,Fe [Fe (CN),]).

Kashparov et al.

measured. For this purpose, 5 g of each type of
feed was placed in 800 mg of a solution with a
activity concentration of *’Cs of 2.3 Bg/mlL.

The results showed that the weight of the feed
increased due to wetting with water. The distribu-
tion coefficients of *’Cs in the feed also increased
with increasing contact time of the feed with the
solution and reached a maximum value after
120 minutes. At the same time, no statistically sig-
nificant differences were observed in the sorption of
1¥7Cs by feed containing 0.1% or 1% ferrocin, KFCF
or AFCF. The absorption of radiocaesium by feed
from water containing various types of PB was in-
significant compared to feed without hexacyanofer-
rate additives. Therefore, given the strong fixation
of ¥*¥’Cs by various types of Prussian Blue, it can be
concluded that this will not lead to an increase in
the intake of radiocaesium into the fish organism.

The results obtained earlier and in this work
may indicate the high radiological efficiency and low
cost of using fish feed with additives of various types
of hexacyanoferrates, which requires direct verifica-
tion of the use of these feeds in experiments with
fish in laboratory and real production conditions.
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AHoTauifl. Y KOHTEeKCTi MiABMLEHOro pafioakTMBHOrO 3abpyAHEHHSI BOAHWMX €KOCUCTEM mics
YopHobunAbCbKOi aBapii NocTtae HeobXigHICTb Y HAYKOBO 0OIpyHTOBAHOMY BMOOpPiI KOPMOBMX A06aBOK
AN 3MEHWEeHHs HakonuueHHs *’Cs y pubi. MeTol AOCNIAKEHHSA 6YN0 BM3HAYEHHS ONTUMASbHUX
KOHLEHTPALiM Ta BMAiB rekcauiaHodepatis/bepniHcbkoi nasypi (BJ) B KopMax 3 orngay Ha ixHKO
papionoriyHy eheKTUBHICTb i EKOHOMIYHY AOLIMbHICTb. Y AOCNIOKEHHI 3aCTOCOBAaHO METOA MOKPOro
rpaHy/loBaHHA KOPMiB 3 AoAaBaHHsAM (epouuHy, 3ani3o-rekcauiaHodepaty kanito (KFCF) Ta amoHito
(AFCF) y koHueHTpauiax 0.1 % 1a 1 %, 3 noganbwunm nposeneHHsM cepii batch-gocniais i3 3amipom
nuToMoi akTMBHOCTI *’Cs Ta obumcneHHsaM koediuieHTiB po3noainy y yaci. Peaynbtati nokasanu, Wwo
3BOJIOXKEHHS KOPMY Y BOOHOMY CepefoBMLL MPU3BOAMAO 4O TPUKPATHOrO 36inblUeHHS MOro Macu
NpoTAroM NepLoi roAMHM KOHTAKTY, MiCAS 4YOro AOCAraBCa CTaliOHApHMI piBeHb. [ns BCix Tunis
B/l koediuieHT posnoginy *’Cs cTabinbHO 3poctanu npotaroM nepwux 120 XBUAMH i gocsranu
3.5-4.5 n/kr npu BmicTi 0.1 % BJ11a 5.6-6.2 n/kr npu 1 %. CraTUCTUYHO AOCTOBIPHOI Pi3HULI MiXK TUMAMKU
rekcauiaHodepatiB He 3adikcoBaHO, WO CBiAYMTb Npo NoaibHy edekTuBHicTb dpepoumnHy, KFCF i AFCF
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npv OOHAKOBIM KOHLEHTpauii. BogHo4ac BCTaHOBNEHO, WO NiaBUWEHHS KOHUeHTpauii 3 0.1 % no 1 %
36inblye edeKTUBHICTb NUWE BABIYI, WO CTaBUTb NMUTAHHS NPO EKOHOMIYHY AOLINbHICTD TAKOTO KPOKY.
MpakTMYHE 3HAYEHHS OTPUMAHMX OAHUX NOMATAE Y MOXIMBOCTI BUKOPUCTaHHS KOPMIB i3 A0OAaBaHHAM
HanaocTynHiwmnx dopM bepniHcbKoi Nasypi AN 3HWKEHHS PafioaKTUBHOINO HaBAaHTAXEHHS Y PUBHULTBI,
30KpeMa B YMOBax pajiauiiHo 3abpyaHeHMX BOAOIM

KniouoBi cnoBa: paaiouesiit; rekcauiaHodepat; KOHTp3axia; pafioakTMBHe 3a6pyAHEHHS; NPiCHOBOAHA
puba; pakTop 3MEHLIEHHS
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