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THE CURRENT RADIOLOGICAL STATE OF NATURAL MEADOWS
IN THE ZONE OF UNCONDITIONAL (MANDATORY) RESETTLEMENT
OF THE NARODYCHI UNITED TERRITORIAL COMMUNITY
OF THE ZHYTOMYR REGION AND THE PROSPECTS FOR THEIR USE
AS A FODDER BASE FOR LIVESTOCK

A radiological survey of natural meadows in the vicinity of the settlements of the Narodychi united territorial
community, which were contaminated with radionuclides as a consequence of the Chornobyl accident, was conducted,
and the feasibility of reclaiming them for economic use was evaluated. The content of '*’Cs and *°Sr radionuclides
(median, geometric standard deviation, upper limit for P = 0.9) in milk and cattle muscles was predicted using the
method of probabilistic modelling. Furthermore, the risks of exceeding the requirements established by the Ukraine
state hygiene standards (PL-2006) for the content of radionuclides in these products were assessed. The potential for
utilizing hayfields and pastures for the production of milk and cattle meat was demonstrated. These findings serve as the
foundation for recommendations and decision-making concerning the return of these lands to economic use.
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1. Introduction

The assessment of the actual radiological situa-
tion on the lands that have been withdrawn from use
due to contamination with radionuclides in the zone
of unconditional (mandatory) resettlement, and solu-
tion to the problem of their return to use are beco-
ming increasingly relevant due to the temporary loss
of extensive agricultural land in the eastern and
southern regions of Ukraine. The situation regarding
radionuclide-contaminated natural meadows in the
Ukrainian Polissya region represents a distinct issue
within the field of agricultural radiology. In the early
1990s, it was established that natural meadows re-
present a critical link in the trophic chain of radio-
nuclide intake into food, particularly milk and meat
of animal origin. Notwithstanding the existence of
state programmes designed to enhance natural
forage lands, no comprehensive measures have been
implemented in the radionuclide-contaminated
region. Consequently, to date, there are still over ten
settlements where cow milk from private farms fails
to meet the requisite state hygiene standards for
37Cs content. It is known that only two settlements
have implemented countermeasures in accordance
with the recommendations of the Institute of Agri-
cultural Radiology. These are the village of Pryliss-
ne in the Volyn Oblast and the village of Velyki
Ozera in the Rivne Oblast. The status of these

settlements changed at the time that the countermea-
sures were implemented. For objective reasons, pri-
marily the agrochemical state of soils, natural lands
are and will remain a source of additional intake of
radionuclides into the human body with food of
animal origin. The problem of their return to eco-
nomic circulation has become particularly relevant
in connection with military actions but is subjective-
ly complicated by bureaucratic procedures for re-
viewing the status of radioactive contaminated lands.
In order to ascertain the feasibility of returning
radionuclide-contaminated land to economic circula-
tion, the density of radioactive contamination of soil
mustn’t exceed the relevant values established by the
Law of Ukraine “On the Legal Regime of the Terri-
tory Affected by Radioactive Contamination as a
Result of the Chornobyl Disaster”. The principal
criterion for ensuring radiation safety for the popula-
tion residing in an area contaminated with radio-
nuclides is the value of additional individual doses
[1]. The permitted levels of radionuclide activity
concentrations in milk and meat are derived from
this dose and are set out in PL-2006 [2]. These levels
should not exceed the following values:

C?”CSmﬂk =100 Bg/l and CSOSrmﬂk =20 Bg/l;

37 muscte = 200 Ba/kg and G =20 Bg/kg

0 Sr muscle
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furthermore, the ratio must be met:

H1Cs/Clyy +7S1/Cop <1, (1)

where '¥’Cs (*°Sr) is the activity concentration of
37Cs (*°Sr) in the observed product, Bq/kg (Bg/l);

C?37CS (CSO Sr) — permissible level of ’Cs (*Sr)

activity concentration in the product, Bg/kg (Bg/l).

According to many studies, radioactive milk and
meat form the main share (up to 80 %) of this
additional dose [3, 4].

This paper considers natural lands as a cattle
fodder base for milk and meat production in private
subsidiary plots and farms. The daily diet of cattle is
comprised of meadow grasses during the grazing
period and hay during the stall period. The activity
concentrations of '*’Cs and *’Sr in milk and meat are
dependent on the content of these elements in the
components of the daily diet of cattle. Meadow grass
and hay represent a significant source of *’Cs and
%Sr intake for animals.

Following an evaluation of the actual radio-
nuclide contamination levels in pastures and a com-
parison of the data obtained with the requirements of
Ukrainian legislation, a decision can be made
regarding the potential for returning natural lands for
economic use. The return of radionuclide-conta-
minated land (pasture) to economic use is possible in
either an unrestricted or conditional manner. The
most favourable option is to return the areas of
natural lands to economic use without restrictions on
the radiation factor. Nevertheless, there are instances

% Hapoauubke
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when this is not feasible. A realistic assessment of
radionuclide content in the harvest of meadow her-
bage plants will allow the conclusion to be drawn
that meadows can be returned to economic use both
without restrictions, that is to say without the appli-
cation of counter-radiation measures, and with the
application of a set of organisational and special
measures that will ensure the obtaining of final
products with radionuclide content in accordance
with the PL-2006.

The question of returning a particular pasture to
economic circulation to produce milk and meat
products was explored through the use of statistical
modelling in an experimental manner [5]. This paper
considers the aforementioned issue in a general
formulation applicable to a wide range of natural
forage lands utilized as a cattle feed base for milk
and meat production in private subsidiary and farm
settings.

2. Objects, main provisions, initial data
and forecasting methods

In order to make an informed decision regarding
the return of pastures and hayfields that have been
contaminated with radionuclides and are no longer
economically viable, it is essential to ascertain the
extent of contamination with radionuclides, particu-
larly "*’Cs and *°Sr. This paper considers the territo-
ry that has been contaminated with radionuclides as
a result of the Chornobyl accident, which is current-
ly under the administrative control of the Narodychi
(Narodychi, Selets and Buliv) united territorial
community (Figs. 1 and 2).
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Fig. 1. Density of '3’Cs contamination of meadows and pastures near the village of Narodychi as of 2025:
= —_ — boundary of the zone with caesium isotope contamination density of 555 kBg/m? (15 Ci/km?)

and above as of May 1986;
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Fig. 2. Density of *’Cs contamination of meadows and
pastures near the villages of Selets and Buliv as of 2025:
== ™~— — boundary of the zone with caesium isotope
contamination density of 555 kBg/m? (15 Ci/km?) and
above as of May 1986; — isolines, kBg/m?. (See
color Figure on the journal website.)

The total area of the 27 conventional pastures and
hayfields is 718 ha. This Figure is based on a break-
down of the land area, which corresponds to a mo-
dern satellite map. The map includes water bodies,
forest belts and the road network. The maps of soil
contamination density of pastures and hayfields with
97Cs and *°Sr are consistent with those presented in
Figs. 1 and 2 of [6], which also provide a compre-
hensive account of their characteristics. These lands
were previously classified as an unconditional
(mandatory) resettlement zone and withdrawn from
economic use.

In the course of the radiological surveys of pas-
tures and hayfields, the ambient equivalent dose rate
was determined by employing a Stora-TU radiome-
ter-dosimeter. Concurrently, soil and meadow grass
samples were collected and analysed for the content
of ¥'Cs using a gamma spectrometer with a semi-
conductor detector manufactured from high-purity
germanium (GEM-30185; EG & ORTEC, USA).
Following the radiochemical separation of *°Sr in the
soil samples, its content was determined using a
method that is generally accepted in the field [7].
This involved measuring the activity of its daughter
radionuclide, Y, on a beta spectrometer,
SEB-01-70 (AKP, Ukraine). A detailed description
of this can be found in references [5, 8]. The results
of the measurements were used to estimate the actu-
al transfer coefficients (TC) of '*’Cs to meadow
grasses for the analysed lands.

The results presented in Figs. 1 and 2 demon-
strate that the primary area of natural lands situated
in the floodplain of the Uzh River in the vicinity of

ISSN 1818-331X AJEPHA ®I3MKA TA EHEPTETUKA 2025 T.26 Ne2

the village of Narodychi exhibits a '*’Cs contamina-
tion density that falls below the threshold for catego-
risation as Zone 2, the zone of unconditional (man-
datory) resettlement. Consequently, it can be hypo-
thesised that these lands may be returned for
economic utilisation. A single site, designated as
field No. 2 in Fig. 1, comprising an area of approxi-
mately 30 ha, exhibits contamination density that
approaches the threshold for classification as Zone 2.

The territory of natural lands situated on the left
bank of the Zherev River in the vicinity of the village
of Selets is characterised by contamination levels of
137Cs that align with the criteria for the third zone of
radioactive contamination. The meadowlands situated
in close proximity to the evacuated village of Buliv
exhibit an elevated level of radioactive contamination,
aligning with the upper threshold of Zone 3 clas-
sification (555 kBg/m?®). However, only a portion of
fields No. 10 and No. 11 in Fig. 2 displays soil conta-
mination densities exceeding the lower boundary of
Zone 2 designation.

The results of scientific studies presented in the
literature and our previously obtained data demon-
strated that the values of soil contamination with
radionuclides, plants, and accumulation (transfer)
coefficients at a specific point on the land should be
regarded as random variables. This is attributable to
the local unevenness of radionuclide deposition and
subsequent migration, as well as potential sampling
and activity measurement errors. This is clearly illus-
trated in references [5, 7, 9 - 11], where it is proposed
that the results obtained can be well described in the
first approximation by the corresponding lognormal
probability distribution laws:

1 [m(X)—u)]z
1 2 s

f(X):\/%uX-Se >

where X is the value of the characteristic of radio-
active soil contamination at a point; p and s are the
mean value and standard deviation of the logarithm
of the value of X. The geometric mean (GM) of the
value of X (median) is equal to GM =exp(n), and

the standard deviation is GSD = exp(s).

In the context of milk and meat production, con-
taminated natural land is regarded as a unified entity,
exhibiting uneven contamination with radionuclides.
In the initial approximation, the density of contami-
nation with radionuclides can be regarded as a ran-
dom variable with a lognormal probability distribu-
tion law. The statistical characteristics of the density
of "'Cs and *°Sr contamination of the respective
meadows and pastures are presented in Tables 1 and 2,
together with additional analysis, in Ref. [6]. These
values were determined by combining data from direct

2)
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and indirect measurements, which provide varying
degrees of characterisation of the land’s radionuclide

contamination density. A detailed description of this
methodology can be found in [12 - 14].

Table 1. Estimates of the characteristics of radioactive contamination of meadows and pastures
in the vicinity of Narodychi village as of 2025

No. Area, 137Cs 203y
of the site ha GM, kBg/m? GSD Ao, kBg/m? | GM, kBg/m? GSD Ao, kBg/m?
1(H-1) 268.3 311 1.49 520 3.78 1.91 8.7
2(H-2) 28.5 556 1.86 1229 8.33 2.23 23.3
3(H-3) 40.2 403 1.43 640 3.90 1.87 8.7
4(H-4) 17.0 282 1.43 445 2.66 1.87 5.9
5(H-5) 26.8 334 1.43 529 3.19 1.87 7.1
6(H-6) 20.8 351 1.45 563 3.35 1.88 7.5
7(H-7) 15.2 478 1.43 758 4.66 1.36 6.92
8(H-8) 21.9 428 1.48 708 4.14 1.42 6.47
9(H-9) 28.2 230 1.45 372 2.16 1.39 3.28
10(H-10) 46.1 305 1.56 539 2.92 1.51 4.93
11(H-11) 20.0 209 1.47 343 1.95 1.41 3.04
12(H-12) 17.5 181 1.46 295 1.70 1.40 2.61
Table 2. Estimates of the characteristics of radioactive contamination of meadows and pastures
in the vicinity of Selets and Buliv villages as of 2025
No. Area, 137Cs 0Gr
of the site ha GM, kBg/m? GSD Aogo, kBg/m? | GM, kBg/m? | GM, kBg/m? GSD
1(C-1) 1.4 412 1.43 651.3 3.6 1.87 8.0
2(C-2) 10.7 290 1.48 479.2 2.0 1.90 4.6
3(C-3) 5.7 293 1.46 474.5 2.1 1.89 4.7
4(C-4) 1.1 270 1.43 425.9 2.0 1.86 4.5
5(C-5) 1.8 376 1.62 698.6 2.6 2.02 6.4
6(C-6) 0.8 260 1.43 410.4 2.0 1.86 4.5
7(C-7) 9.2 302 1.44 481.5 2.5 1.87 5.5
8(C-8) 8.8 324 1.47 529.3 2.5 1.89 5.7
9(C-9) 7.2 361 1.44 5784 3.0 1.87 6.6
10(C-10) 35.9 545 1.48 899.8 5.1 1.90 11.6
11(C-11) 48.6 459 1.47 751.1 3.5 1.89 7.9
12(C-12) 18.2 450 1.44 718.4 3.5 1.87 7.9
13(C-13) 3.1 206 1.43 325.1 1.3 1.86 2.9
14(C-14) 8.5 196 1.44 313.2 1.3 1.87 2.8
15(C-15) 6.4 252 1.50 424.1 2.0 1.92 4.5

The Monte Carlo method was employed for the
statistical modelling of the contamination of milk
and meat by “’Cs and *Sr [15]. A comprehensive
account of this can be found in reference [5]. In this
Section, we will provide a concise overview of the
primary provisions and initial data.

The mathematical model of '*’Cs and *Sr intake
from soil into cattle milk (muscles) comprises two
parts: the transfer of '*’Cs and *°Sr to components of
the daily diet of cattle; and the transfer of these

radionuclides from the daily diet to milk (muscles).
The activity concentrations of '*’Cs and *°Sr in cattle
milk and muscle (Cmi; Cmuscle) are contingent upon
the conditions of animal husbandry, specifically
whether the animal is pasture-fed or stall-fed. In this
study, simplified daily rations for cattle on private
subsidiary farms were established (Table 3), based
on reference materials and taking into account the
seasonal availability of forage.

Table 3. Daily rations for cattle

Dietary ingredients Grazing period Stall period
Milk production | Meat production | Milk production | Meat production

Water, litres 60+ 10 50+5 60+ 10 50+5
Grass and hay
(air-dry weight), ke 50+8(12+2) 40+4(10+1) 12+2 10+1
Compound feed, kg 1+£0.2 2+0.2 2+02 3+02
Soil, kg 0.8+0.1 0.8+0.1 - —
Potatoes (natural moisture content), kg - — 5+1 5+1
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During the summer, the cattle were allowed
pasture, while during the winter, they were confined
to stalls. The rations were based on the consumption
of meadow grass during the summer and hay during
the winter [16].

Furthermore, it is assumed that during grazing, a
dairy cow ingests 50 kg of grass (12 kg of air-dry
weight), while a beef cow ingests 40 kg of grass,
along with soil [17, 18]. In this study, a model was
constructed to simulate the specific activity of '*’Cs
(**Sr) in cattle milk (muscles). The daily intake of soil
via oral intake with grass was assumed to be 0.8 kg.

As stated in [19], the transfer of *Sr from the soil
to the gastric and intestinal juices occurs between
2.0 and 7.4 % of the total activity in the solid phase,
with the remaining 1.3 - 3.7 % of *’Cs transferred in
a similar manner. In this study, for the purpose of
modelling the activity concentration of *’Cs (*°Sr)
in cattle milk (muscles), it was assumed that up to
3 % of *’Cs and up to 8 % of *°Sr transfer from soil
to gastrointestinal juices.

Furthermore, water is regarded as a constituent of
the cattle diet. In order to obtain conservative esti-
mates of the activity concentration of '*’Cs and *°Sr
in milk and meat, it was assumed, as in [5], that the
animals consume water from the Uzh River
throughout the year. In statistical modelling of the
activity concentration of '*’Cs (**Sr) in the daily diet,
the conservative estimates of the activity concentra-
tion of *’Cs and *°Sr in the water of the Uzh River
were taken from [20] and recalculated for 2025. The
resulting estimates are as follows: the GM of '*’Cs in
the water of the Uzh River was found to be 0.0048
Bg/l, with a geometric standard deviation (GSD) of
1.35. The GM of *°Sr in the river water was deter-
mined to be 0.0126 Bq/l, with a GSD of 1.57.

The content of radionuclides in plants is a dynamic
process, dependent on the time (¢) that has elapsed
since contamination of the territory. This is due to
the fact that the surface density of deposition and TC

are subject to change: C,, (1) =TC(1986+1)x
xA(1986 +¢). The dynamics of '*’Cs and *’Sr content

in plant crops are described in detail in the
recommendations [19]. The dynamic model for '*’Cs
TC proposed in these recommendations is a
decreasing asymptotic function that approximates the
values of the TC observed in the initial period after
the accident and until 2010. Thereafter, the model
reaches a plateau for each crop. A similar pattern is
observed in the dynamic model for the *°Sr TC.
Accordingly, to forecast the radionuclide content of
the cattle plant diet components for the period
subsequent to 2020, the following ratio was employed
in this study:

C

plant

=TC-4,, 3)
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where the TC of *’Cs (*’Sr) to plants (or their parts)
is defined as the ratio of the activity concentration of
37Cs (*°Sr) in air-dry mass or natural humidity to the
activity concentration of 'Y’Cs (**Sr) in soil
(Bq/kg)/(kBq/m?). A, is a density of "“’Cs (*°Sr)
contamination of soil, (kBq/m?).

The lognormal distribution of TC and 4,, in
conjunction with the aforementioned relation (3),
also permits the description of the distribution of
potential values of the activity concentration of '*’Cs
(°*Sr) Cplant for plant components of the daily animal
diet, which is also characterised by the lognormal
law.

In the case of herbs, the aforementioned relation-
ship (3) was employed in order to ascertain the
activity concentration of *’Cs (*°Sr). To estimate the
7Cs activity concentration in the air-dry mass of
meadow grass (hay), the averaged values of the
activity concentration obtained by the National Uni-
versity of Life and Environmental Sciences of
Ukraine staff based on the results of '*’Cs measure-
ments in soil and plant samples taken in the mea-
dows and pastures under consideration, as illustrated
in Figs. 1 and 2, during the 2022 - 2023 period, were
employed. In instances where additional data were
required, literature sources were consulted. These
estimates were extended to 2025, with consideration
given to the asymptotic nature of the dynamic model
[21]. In the case of '’Cs in the air-dry mass of
meadow grass (hay), the values are equal to:
GM =4.72 (Bq/kg)/(kBq/m?), GSD = 1.9. The ratio
between the TC of '*’Cs in the hay of natural grasses
and the green mass of meadow grass at natural mois-
ture, as reported in [22], is 4.7, while the ratio as
reported in [21] is 4.1. In the present study, this ratio
was taken to be 4.4. It can therefore be stated that
the statistical characteristics of the '“Cs TC
for the green mass of meadow grass from natural
pastures are equal to: GM = 1.07 (Bq/kg)/(kBg/m?),
GSD = 1.9.

The low content of *°Sr in soil and herbage sam-
ples precluded the possibility of obtaining reliable
statistical data on the TC of *°Sr in the soil-herbage
chain on the surveyed lands. Accordingly, in the
present study, the averaged literature values of sta-
tistical characteristics of *°Sr TC for forbs in mea-
dows and pastures of Ukraine [23] and Belarus [24]
on sod-podzolic sandy loam and sandy soils were
employed. All estimates were extended to 2025,
with consideration given to the asymptotic nature of
the dynamic model [21]. The respective estimates
are as follows: for hay from natural pastures,
GM = 16.98 (Bq/kg)/(kBg/m?), GSD = 1.45; for the
green mass of grass from natural pastures,
GM = 3.93 (Bg/kg)/(kBg/m?), GSD = 1.49.
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The statistical characteristics of the activity
concentration of *’Cs (**Sr) in potatoes and fodder
(locally produced grain) were taken as averages
based on the results of [23] for arable land near the
village of Narodychi. The mean value for grain was
for 1*’Cs — GM = 10.0 Bg/kg, GSD = 1.78; for *°Sr —
GM = 4.4 Bg/kg, GSD = 1.95; the mean value
for potatoes was for 'Cs — GM = 6.0 Bq/kg,
GSD = 2.0; *°Sr— GM = 1.0 Bg/kg, GSD = 2.2.

The soil is ingested by cattle as part of their diet,
particularly grass from the surface soil layer. In this
study, the specified layer is the 0 - 5 cm layer. The
specific activity of *’Cs (°°Sr) in the surface soil
layer for each land type was estimated as follows:

A =d -4, /0.05-p, (4)

In the following equation, d represents the fraction
of activity in the surface 5 cm soil layer, and Ay is
the density of *’Cs (*’Sr) contamination of soil, as
presented in Tables 1 and 2 (kBq/m?). In accordance
with [24], the mean value for sod-podzolic soils in
2020 is as follows: for *’Cs, d = 68.8 % of the total
activity; for *Sr, d = 43.5 % of the total activity. The
density of air-dry soil mass, p = 150 kg/m’, is taken
in accordance with [25] as an average value for soil
samples taken in meadows and pastures (see Figs. 1
and 2).

In general, the activity concentration of radio-
nuclides in milk and meat of cows is a dynamic pro-
cess that can be conditionally described by a model
under a fixed diet:

Coin (1) = Froi 'ij -C(0);

J=1

Cmuscle (t) = quscle ' ij : Cj (t) (5)
Jj=1

In this study, we assume that the specific content
of radionuclides in the components of the daily diet
remains constant over time and can be considered a
random variable. In this case, the activity
concentration of *’Cs (*’Sr) in the milk (muscles) of
cows can be calculated as a first approximation by

the following formulas:

Chite = Frniik Zm/ Gy

Jj=1

Cmuscle = quscle ’ ij ’ Cj' (6)

J=

The primary characteristic of this study is the
random nature of the variables involved, including
soil contamination with '*’Cs and *°Sr, soil-plant TC,
diet-milk (Fmix) and diet-muscle (Fmusce). These
variables are distributed according to the laws of the
lognormal probability distribution.

The predicted values of the activity concentration
of ¥’Cs and *°Sr in the milk and meat of cattle will
be random variables that are functions of other ran-
dom variables. However, in general, they will not be
described by lognormal probability distribution
laws, as they are not multiplicative functions of ran-
dom variables with lognormal probability distribu-
tion laws [20]. Consequently, to ascertain the proba-
bility distribution of the activity concentration of
¥7Cs and *°Sr in milk and meat, the statistical
modelling method (Monte Carlo) was employed
directly in the study [15, 26]. This enabled the esti-
mation of the activity concentration Chiik(Cmuscle),
median GMmilk(GMmuscle), GSDmilk(GSDmuscle), and

the interval C™® <C <Ccr=

Cmilk(muscle) — — Cmilk(muscle) —  Cmilk(muscle)
in which the true value of Cumi(Cmuscie) is located
with a given probability P. In obtaining these esti-
mates, one of the main parameters is the TC of '*’Cs
and *°Sr from the daily diet to milk (Fiix) and meat
(Fmuscle)- In accordance with the findings of reference
materials [26, 27], these variables are random and
are characterised by lognormal probability distribu-
tion laws. The characteristics of these substances in
the absence of radionuclide-sorbing impurities are
provided in Table 4. The utilisation of fodder mix-
tures incorporating ferrocin has been demonstrated
to reduce the mean value of the TC for '*’Cs from
the daily diet to milk by a factor of 4.1 and to mus-
cles by a factor of 5 [28]. The intake of *°Sr in ani-
mals is not affected by the use of ferrocin.

Table 4. Average statistical characteristics of 13’Cs and *’Sr TC
from the daily diet into milk and muscles of cows [21, 28, 29]

. . . Cs PSr
Conversion rate from daily ration GM GSD GM GSD
in milk Fix during the stall period 0.0071 2.0 0.0015 1.7
in milk Fix during the grazing period 0.0091 2.0 0.0015 1.7
in the muscle Fiuscie 0.04 24 0.001 2.9

An understanding of the laws governing the dis-
tribution of potential values for the activity concen-
tration of '*’Cs and *°Sr in milk and meat enables the

evaluation of the risks (probabilities) ¢ of exceeding
the activity concentration of *’Cs and *°Sr in these
products in accordance with established standards.
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This evaluation is conducted for each radionuclide

q=1-F((Ln(C*)~ Ln(GM))/Ln(GSD)) and
for their combination
g5 = Ver{(m Cs/Cly +7S1/CY, )= 1}, where

F(...) is the Gau-s distribution function.
3. Results and discussion

In accordance with the methodology delineated
in Section 1, the statistical attributes of the activity

concentration of *’Cs and °Sr in milk and cattle

P

muscles (median, GSD, upper limit C,, . for

P=0.9) were calculated for their production
utilising the analysed fields, both in the absence of
countermeasures and with the incorporation of a
caesium sorbing agent, namely ferrocin, in a mixture
with feed. The results of the calculations are
presented in the form of bar charts in Figs. 3 - 7 for
milk and in Figs. 8 - 12 for muscles. The values
Cgam are plotted in an upward direction.

The results of the '*’Cs content prediction in the

milk of cows (see Fig. 3), whose diet will consist

300 4

exclusively of pasture grass of the studied forage
lands located near the settlements of Narodychi and
Selets, demonstrate that the radioactivity of milk
will exceed the requirements of state hygiene
standards for both the grazing and stall periods of
dairy cattle keeping.

The results presented in Fig. 4 demonstrate that
milk contamination levels of **Sr from cows grazing
on pasture within the vicinity of the settlements of
Narodychi, Selets and Buliv will be markedly lower
than the requirements set forth by state hygiene
standards.

The results of the risk calculations for the combi-
nation of radioactive isotopes '*’Cs and *°Sr in cow
milk (PL-2006), presented in Fig. 5, demonstrate
that such a risk exists on all studied forage lands,
with values ranging from 0.42 to 0.9 (from 42 to
90 %, respectively). With regard to the period spent
in stalls, the risk of exceeding the established stan-
dards is lower than during pasture periods, provided
that each pasture is considered separately. In consi-
deration of the results presented in Fig. 3, it can be
concluded that the primary contributor is radioactive
caesium.
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The data presented in Fig. 6 demonstrate that the
issue of exceeding the requirements of state hygiene
standards for '*’Cs activity concentration in cow milk
has been effectively addressed through the utilisation
of a selective *’Cs sorbent, namely ferrocin (ferrous
hexacyanoferrate or its analogues). The efficacy of
this approach was initially evaluated during the acute
phase of the Chornobyl accident. Concurrently, alter-
native strategies for enhancing fodder lands and live-

stock husbandry in radionuclide-contaminated regions
were devised [22, 29].

The data presented in Fig. 7 suggests that, despite
the efficacy of caesium-sorbing additives, the proba-
bility of exceeding radionuclide content in cow milk
remains at the level of 5 to 40 %, contingent on the
field utilized for grazing. However, this risk is con-
siderably lower than that depicted in Fig. 5.
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The TC of radioactive caesium ('*’Cs) to the
muscle tissue of cattle are four times higher than for

milk [29].
same condi
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Consequently, beef production under the

The low level of **Sr contamination of the soils
of the studied lands, coupled with the low TC of this
isotope to muscle tissue on all studied lands, ensures

tions of cattle keeping is accompanied by that beef will meet the requirements of the PL-2006
a higher probability of exceeding the PL-2006 (see Fig.9).
limits, as illustrated in Fig. 8.
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The results of the risk calculations for exceeding
the established standards for the total content of
B7Cs and *Sr in cow muscles, as illustrated in
Fig. 10, underscore the critical nature of this product
type that can be obtained using these feedlands. This
issue can be partially addressed through the incorpo-
ration of caesium-sorbing additives into the diet of

137Cs, Bq/kg

adult cattle, akin to milk production (see Fig. 11).
However, for the production of beef, there are ave-
nues for the implementation of organisational, agro-
technical and zootechnical measures that will facili-
tate the attainment of premium meat products on
these lands.
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Fig. 11. Predicted *’Cs content in cow muscles in 2025 with the use of ferrocin: ==== MPL.
(See color Figure on the journal website.)
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The data presented in Fig. 12 indicates that
despite the efficacy of caesium-sorbing additives,
the probability of exceeding the permissible levels of
radionuclides in cow muscles remains at the range of
35 to 80 %, contingent on the field utilized for gra-
zing. However, this risk is significantly lower than
that depicted in Fig. 10. Consequently, when utili-
sing specific pastures, it may be imperative to
implement supplementary organisational, agrotech-
nical and zootechnical measures to diminish the
activity concentration of radionuclides in cow mus-
cles and guarantee adherence to hygiene standards
(PL-20006).

4. Conclusions

The radiation situation in natural meadows situ-
ated in the floodplains of the Uzh and Zherev rivers

180

was examined, the density of radioactive contamina-
tion of the soil in these areas was determined, and
statistical modelling of livestock production was
conducted to ascertain the compliance of radioactive
contamination of these products with the require-
ments of the PL-2006.

1. The results of the statistical modelling demon-
strated that '*’Cs are the primary radioactive conta-
minant in the meadows and pastures under study. It
can be reasonably deduced that if 25 % of the pas-
tures and hayfields in question are utilised, the ave-
rage '’Cs content in milk samples from 2025
onwards will not exceed the established standards in
the absence of any countermeasures. Nevertheless,
the projected overall risk of exceeding *’Cs and *Sr
remains considerable (exceeding 40 %). The appli-
cation of ferrocin as a countermeasure will ensure
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that the average '*’Cs content in milk samples from
2025 onwards will meet the established standards for
all sites under consideration. The predicted overall
risk of exceeding the "*’Cs and *°Sr content of the
established standards is, on average, approximately
=~ 20 %.

2. The findings of the statistical modelling indi-
cated that, in the absence of countermeasures, the
utilisation of natural lands would result in an average
7Cs content in cow muscles that exceeds the estab-
lished standards. The projected risk of exceeding the
7Cs and *Sr content is exceedingly high (exceeding
90 %). The utilisation of ferrocin as a countermeasure
will ensure that the average '*’Cs content in cow mus-
cle is in accordance with the established standards for
all considered lands. The predicted overall risk of
exceeding the established standards for *’Cs and *Sr
is, on average, less than = 5 %.

3. It should be noted that the most conservative
approach was employed in the statistical modelling,
given that the diet primarily comprises pasture grass
during the summer months and hay is also harvested
from these lands during the winter. In practice, the
situation appears more favourable, as in the private
sector, owners provide their dairy cattle with grain
meal or herbs from their gardens, and hay can be
harvested from arable land, where the TC is consi-
derably lower than in natural habitats.

The authors express their gratitude to the
National Research Foundation of Ukraine (project
No. 2022.01/0188) and to the Ministry of Education
and Science of Ukraine (projects No. 0123U102107
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CYYACHHUM PAJIIOJOTTYHUAM CTAH ITPUPOJTHUX JYKIB
30HM BE3YMOBHOI'O (OBOB’SI3KOBOI'0O) BIJICEJIEHHSI HAPOUIILKOI OB’€ THAHOI
TEPUTOPIAJILHOI TPOMAJIA )KUTOMHUPCHKOI OBJACTI I IEPCIEKTUBH
IXHbOIO BUKOPUCTAHHS ¥V SIKOCTI KOPMOBOI BA3H XY/10BH

IIpoBeaeHo pamionioriuae 0OCTEKEHHS MPHUPOTHKUX JYKIB HABKOJIO HACENCHHMX MyHKTIB Hapomuipkoi 00’emHaHOT
TEPUTOPIANILHOI TpoMaaM, 3a0pyIHCHUX pajioHyKiIimamu BHachimok aBapii Ha YAEC, i OI[iIHCHO MOXXIIHBICTH
MOBEPHEHHS IX Yy TOCHOAApChKUH 00ir. 3a JOIMOMOror0 METOqy MMOBIPHICHOTO MOJEIIOBAHHS 3pOOJICHO ITPOTHO3
BmicTy pamionyknigis *’Cs i °°Sr (Meziana, reoMeTpuuHe CTaHAAPTHE BiJIXMIIEHHS, BEpXHs Meka 11t P = 0,9) y Moo
Ta M’s13aX BEJIHUKOI POTaToi XyJOOH Ta OLIHEHO PU3HMKH IEPEBHUIICHHS BUMOT BCTAHOBJICHUX JePKaBHUMHU Tiri€HITHUMHA
HopMmatuBaMu (/IP-2006) momo BmicTy pamioHyKIimiB y Imii mpoaykmii. Iloka3aHO MOXJIHBICTE BHKOPHUCTAHHS
ciHOXaTel 1 macoBWIN s BUPOOHUIITBA MOJIOKA 1 M’sica BeNmuKoi poraTtoi Xyzobw. Lli pe3ynpTaTé € OCHOBOIO
PEKOMEHAAILI# | TPUUHATTS PillieHb 111010 TOBEPHEHHS LIUX YTiJb Y FOCIONAPChKE BUKOPHUCTAHHSI.

Kniouosi cnosa: pamgioakTuBHE 3a0pyAHEHHS, NUTOMAa AaKTHBHICTh, IAaCOBHMIIA, CIHOXaTi, MOJIOKO, M’SCO,
MOBEPHEHHS JI0 CIIbCHKOTOCIIOAAPCHKOr0 00iIry.
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