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AGE-SPECIFIC FEATURES OF 7CS CONCENTRATIONS IN
CHILDREN FROM IVANKOVSKY AND POLESSKY DISTRICTS IN
KIEV REGION, UKRAINE, 30 YEARS AFTER THE CHERNOBYL
NUCLEAR POWER PLANT ACCIDENT

Bandazhevsky Yu.l., Dubova N.F., Kadun O.N.

30 years after the accident at the Chernobyl nuclear power plant, soils of af-
fected areas have remained contaminated with radioactive substances [1, 2]. This
poses a danger to health of the population consuming locally produced farm prod-
ucts, forest berries, mushrooms and meat of wild animals [3, 4]. In this regard, an
important element of preventive medicine is monitoring of levels of radioactive
agents in the population of different age groups living in conditions of constant ra-
diation risk in areas affected by the Chernobyl nuclear power plant accident. This
will certainly help to establish cause-effect mechanisms of diseases prevailing in
areas contaminated with radioactive substances.

The aim of this study was to measure '*’Cs levels in children of different ages
living in Ivankovsky and Polessky districts, Kiev region, Ukraine, 30 years after
the Chernobyl nuclear power plant accident.

Material and methods. The study was carried out within a project of the Eu-
ropean Commission in Ukraine “Health and ecological programmes around the
Chernobyl Exclusion Zone: Development, training and coordination of health-re-
lated projects” in 2013-2017.

37Cs radionuclides were measured in 3752 children living in Ivankovsky and
Polessky districts, Kiev region, located near the Chernobyl nuclear power plant
(having the *’Cs soil contamination density of 0.17 up to 1.9 Cu/km? [5]).

37Cs specific activity was measured in the children using a SICH-AKP-3
three-detector spectrometer (OOO NPP ATOMKOMPLEKSPRIBOR, Ukraine),
during 10 minuties, with the written consent of the parents.

Spectra were processed automatically, specific activities of radioactive ele-
ments were calculated and the information obtained was saved with the help of
the AKWin software.

The children examined were divided into three groups according to their age at
the time of examination: younger (group 1) — 2.0-5.11 years (n = 323), middle
(group 2) — 6.0 -11.11 years (n = 1888), older (group 3) — 12.0-18.0 years (n =
1541).

During the study, we aimed to identify an association between '*’Cs incorporation
and age of children using methods of statistical and correlation analyses.

The statistical processing of the results obtained was performed using the IBM
SPSS Statistics 22 software (USA). The arithmetic mean (M) + standard error of
mean (m), confidence interval for the mean value (95 % CI), median (Me), inter-
quartile range (IR), minimum and maximum parameter values and percentiles
were calculated for the variables analysed. The distribution hypothesis was tested
(a Kolmogorov-Smirnov test). All the parameters under study did not conform
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to the normal distribution law, thus, a non-parametric Mann-Whitney U test was
used to compare values. The statistical significance of variables was assessed by
determining a significance level for p with the help of the statistical software pro-
gramme.

Associations between *’Cs specific activity and age of children were identified
with the help of the Spearman’s rank correlation coefficient (rxy). The strength of
correlation was assessed according to a typical scale: weak — 0 to 0.299; moder-
ate — 0.3 to 0.699; strong — 0.7 to 1.0.

Results and discussion. In the total group of children (n = 3752), the average
value of 1*’Cs specific activity was 3.48 Bg/kg, the median was 2.12; and the inter-
quartile range was 1.66-2.62. ¥’Cs specific activity was statistically significantly
higher in the children of the younger group than in those from the middle and
older groups. In its turn, ¥’Cs specific activity was higher in the children of the
middle group than in those of the older group (Tables 1, 2).

Table 1
Statistical characteristics of '*’Cs specific activity (Bg/kg) in children examined
by age groups

Younger group Middle group Older group
Variables

Me IR Me IR Me IR

7Cs specific

activity, Bq/kg 3.00 | 2.79-3.31 | 241 | 2.06-2.62 | 1.63 | 1.51-1.85

Table 2
Results of statistically significant differences in *’Cs specific activity in groups
of children

. : Mann—Whitney U test
. Comparison | Comparison | Average o
Variables ; value, significance level,
groups group size rank b
1 323 1834.23 U = 69693.0:
2 1888 | 981.41 p=0.0001
137C ﬁ
§ Spectic 1 323 1521.07 U = 58765.0:
activity, Bq/ B
kg 3 1541 809.13 p=0.0001
2 1888 2220.05 U =501170.0;
3 1541 | 1096.22 p = 0.0001
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An inverse association was observed between '“’Cs specific activity in the
children and their age both in the total group and in separate age groups. At
the same time, the strength of the association was minimal in the older group
(Table 3).

Thus, during the studies, the age factor in '*’Cs incorporation in the children
living in the districts located near the Chernobyl nuclear power plant was identified.
The smaller the child the higher concentration of '*’Cs radionuclides was detected
in the body (Fig.).

The findings show that there is a necessity to study in a detailed manner causes
of ¥’Cs incorporation in the population living in areas affected by the Chernobyl
nuclear power plant accident.

Table 3
Results of correlation analysis between age and '*’Cs specific activity in children
examined

Grouns of Parameters
h'l(ll) Correlation coefficient
children Age, years | *’Cs specific activity, Bq/kg
Spearman’s, r, -0.658™
Total : :
group Sign. (2-tailed), p 0.0001
N 3752
Spearman’s, r, -0.472%*
Younger ] |
group Sign. (2-tailed), p 0.0001
N 323
Spearman’s, r, -0.576**
Middle : :
aroup Sign. (2-tailed), p 0.0001
N 1888
Spearman’s, I -0.241**
Older : :
. (2-tail .0001
aroup Sign. (2-tailed), p 0.000
N 1541

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
is significant at the 0.01 level (2-tailed).
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At the same time, it is necessary to pay attention to the fact that radionuclides
can enter the human body through ingestion, take into account the anatomical and
physiological features of children of different ages and determine the role of a
genetic component.
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Figure. Age dependence of *’Cs specific activity in a group of children from
Ivankovsky and Polessky districts, Kiev region, Ukraine.

Conclusions. 1. We have identified an association between '*’Cs incorporation
and age of children living in Ivankovsky and Polessky districts, Kiev region, 30
years after the Chernobyl nuclear power plant accident.

2. Children of primary school age are exposed to more radiation compared to
those of older school age.

3. When identifying causes of '“Cs incorporation in the population liv-
ing in areas affected by the Chernobyl nuclear power plant accident, it is nec-
essary to pay attention to the fact that radionuclides can enter the human body
through ingestion, take into account the anatomical and physiological char-
acteristics of children of different ages and determine the role of a genetic

component.
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BO3PACTHBIE OCOBEHHOCTH COJAEPKAHUSA
PAJJMOHYKJINUIOB *'CS B OPTAHU3ME JIETEN
UBAHKOBCKOI'O U TOJIECCKOTO PAMOHOB
KUEBCKOM OBJIACTU YKPAUHBI CIYCTS 30 JIET
MOCJIE ABAPUU HA YEPHOBBIJIbBCKO ATOMHOM
JIEKTPOCTAHIIUU

banoasicesckuii IO.U., /[ybosas H.®., Kaoyn O.H.

KoHnTtponsb 3a conepkanneM paMuoakTUBHBIX ar€HTOB B OPraHU3ME JIFOJEH Pa3HbIX
BO3PACTHBIX TPYIII, NMPOKUBAKIINUX B YCIOBUAX MOCTOSHHOIO paJUallMOHHOIO
pHUCKa, Ha TEPPUTOPUHU, TTOCTPAJABIICH OT aBapuu Ha UepHOOBLILCKOM aTOMHOM
ANIEKTPOCTAHIINY, SIBIISIETCS BaKHBIM AJIEMEHTOM MPO(UIAKTUIECKON MEAUIUHEI.
Leabr0 HACTOALIETO UCCIIEIOBAHUS SIBUJIOCH ONPEAECIEHUE COACPKAHUS PATUO-
HykIuI0B *’Cs B OpraHusme JIeTei pa3HOro BO3pacTa, MPOKUBAIOMIMX B MBaH-
xoBckoM u [Tonecckom paitonax Kuesckoit obiactu Ykpaunsl ciycts 30 et mo-
cie aBapuu Ha YepHOOBUIHCKOM aTOMHOM 3JIEKTPOCTAHIIUH.
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Metoabl ucciaenoBanus. PaguoMeTpruueckuii, aHTPOIIOMETPUUECKUA, MAaTeMa-
TUKO-CTAaTUCTUYECKHM.

Pe3yabrarbl. OnpeeneHa CBs3b MEXK Iy HHKOPIIOpaIiel paauoHyKiInaoB *'Cs u
BO3PAacTOM JeTeu, mpoxkuBaromux B BankoBckom u [lonecckom paitonax Kues-
ckoil obmactu Ykpaunsl cinyctd 30 jeT nocie aBapuu Ha YepHOOBLIBCKOM aToM-
HOM 3JIEKTPOCTAHIIUU.

JletTy MaIero mKOJbHOTO BO3pacTa MO/IBEPratoTcst OOJbIIEMY PAIMOAKTUBHO-
My BO3JEHCTBUIO, [0 CPABHEHUIO C JIETbMH CTApPILETO MIKOIBLHOTO Bo3pacTa. [Ipu
BBISIBJICHUH TPUYMH WHKOPIOPALNUU PaauoHyKiIuaoB *’Cs B OpraHusM JIHOICH,
IPOKUBAIOLIMX B pailoHaX, MOCTPaJaBIINX OT aBapuH Ha YepHOOBUILCKON aTOM-
HOM 3JIEKTPOCTAHIINU, HEOOXOAUMO OOpaTUTh BHUMAHNE HAa alTUMEHTAPHBIHN My Th
NOCTYIUICHUS] PaJJUOHYKJIMIOB B OpraHu3M, yuecTb aHATOMUYECKHUE U (PU3HOIIO-
IrMYECKHEe 0COOEHHOCTH OpraHu3Ma JeTe pa3HOro BO3pacTa, ONpPENEIUTh POJib
TE€HETUYECKOW KOMITOHEHTHI.

Kuarwuesbie ciaoBa. Bo3pact nereil, KOppensiMOHHAs CBA3b, PaJAWOHYKIIN]IBI
37Cs, paIMoaKTUBHO 3arpsi3HEHHAs! TEPPUTOPHSL.

AGE-SPECIFIC FEATURES OF *'CS
CONCENTRATIONS IN CHILDREN FROM
IVANKOVSKY AND POLESSKY DISTRICTS IN KIEV REGION,
UKRAINE, 30 YEARS AFTER THE CHERNOBYL NUCLEAR
POWER PLANT ACCIDENT

Bandazhevsky Yu.l., Dubova N.F., Kadun O.N.

An important element of preventive medicine is monitoring of levels of radio-
active agents in the population of different age groups living in conditions of
constant radiation risk in areas affected by the Chernobyl nuclear power plant
accident.

The aim of this study was to measure '*’Cs levels in children of different ages
living in Ivankovsky and Polessky districts, Kiev region, Ukraine, 30 years after
the Chernobyl nuclear power plant accident.

Research methods. Radiometric, anthropometric, mathematical and statistical.
Results. We have identified an association between *’Cs incorporation and age of
children living in Ivankovsky and Polessky districts, Kiev region, 30 years after
the Chernobyl nuclear power plant accident.

Children of primary school age are exposed to more radiation compared to those
of older school age. When identifying causes of '*’Cs incorporation in the popu-
lation living in areas affected by the Chernobyl nuclear power plant accident, it is
necessary to pay attention to the fact that radionuclides can enter the human body
through ingestion, take into account the anatomical and physiological character-
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istics of children of different ages and determine the role of a genetic component.
Keywords. Age of children, association, '¥’Cs radionuclides, radiation-contami-
nated areas.
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ASSOCIATIONS BETWEEN PROCESSES OF *'CS
INCORPORATION INTO HUMAN BODY, MTHFR:C677T GENETIC
POLYMORPHISM AND PHYSICAL GROWTH IN CHILDREN
LIVING IN DISTRICTS AFFECTED BY THE CHERNOBYL
NUCLEAR POWER PLANT ACCIDENT

Bandazhevsky Yu.l., Dubova N.F.

30 years after the accident at the Chernobyl nuclear power plant, the problem of
radiation exposure remains acute for the population of Ukraine and the Republic
of Belarus [1, 2].

Studies conducted in Ukraine during 2013-2017 within the projects of the
European Commission and the Rhone-Alpes Regional Council (France) in
Ivankovsky and Polessky districts, Kiev region, located near the Chernobyl
nuclear power plant, showed a large number of children with elevated blood
levels of homocysteine, a product of metabolism of an essential amino acid
methionine [3, 4]. In view of this, it is important to identify associations between
137Cs concentrations in the body, state of genome responsible for the synthesis of
folate metabolism (FM) enzymes and physical growth in children.

The purpose of the paper was to determine associations between '*’Cs levels
in the body and the MTHFR:C677T genetic polymorphism responsible for
the synthesis of methylenetetrahydrofolate reductase — one of the key folate
metabolism enzymes, as well as physical growth in children of different age living
in districts affected by the Chernobyl nuclear power plant accident.

Material and methods. The study was carried out in Ukraine with the support
of the Children of Chernobyl Association (France).

67 children (26 boys and 41 girls) from Polessky and Ivankovsky districts,
Kiev region, located near the Chernobyl nuclear power plant, were subjected
to laboratory and instrumental examination. According to data of dosimetry
certification of settlements, the territory of the districts has remained contaminated
with radioactive substances after the Chernobyl accident until the present day
(having the *’Cs soil contamination density of 0.17 up to 1.9 Cu/km?) [5].

The children examined were divided according to their age at the time of
examination into two groups: younger — 8.0 — 11.11 years, and older- 12.0 —
17.0 years. The younger group included 33 children, and the older group included
34 children.

The children’s average age at the time of examination was 11.7 = 0.33 years
(95% CI 11.02-12.35 years).

All the children considered to be healthy had blood drawn from the ulnar vein
after fasting in the morning. The blood samples were analysed at a laboratory
certified under quality standards with the agreement of parents.

The following allelic variants were identified during genetic analysis of
folate metabolism: C677T and A1298C of the MTHFR gene (synthesis of the
methylenetetrahydrofolate reductase enzyme), A2756G of the MTR gene

11
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(synthesis of the B ,-dependent methionine synthase enzyme) and A66G of the
MTRR gene (synthesis of the methionine synthase reductase enzyme). A real-
time PCR method was used. Analyser and test kit: DT-96 detecting thermocycler,
DNA-Technology (Russia).

Anthropometric measuring techniques standardised in Ukraine [6] were used
to assess physical growth (PG) in the children. Rules of bioethics were also
observed and informed consents were signed by the parents of each subject [7,
8]. The Rohrer’s weight/height index (RI), being independent of age and sex and
calculated by dividing weight in kilograms by the cubic of height in meters, was
chosen as a criterion for assessment of PG and metabolism in a child.

The RI allows to estimate the degree of weight and height conformity of an
individual. Normal PG is defined at RI values of 10.7 to 13.7 kg/m?, abnormal
PG in children with insufficient body weight is defined at RI values of less than
10.7 kg/m?®, and abnormal PG in children with excessive body weight is defined at
RI values of 13.7 kg/m?®. Three subgroups were identified in the group of children
from Polessky and Ivankovsky raions according to RI values:

«1» — abnormal (low) PG, RI values are < 10.7;

«2» — normal PG, RI values lie within the range < 13.7 and > 10.7;

«3» — abnormal (high) PG, RI values are > 13.7.

Among all the children examined (n=67), RI values in the range of < 13.7 and
>10.7 were observed in 47 cases (70.15 %), in 24 cases (72.72 %) in the subgroup
of children under 12 years, and in 23 cases (67.65 %) in the subgroup of children
aged 12.0-17.0 years.

37Cs specific activity in the children was measured on the date of blood
collection using a SICH-AKP-3 three-detector spectrometer (OOO NPP
ATOMKOMPLEKSPRIBOR, Ukraine), during 10 minutes. Spectra were
processed automatically, specific activities of radioactive elements were calculated
and the information obtained was saved with the help of the AKWin software.

The results of statistical analysis of individual incorporated '*’Cs levels in the
children from Ivankovsky and Polessky districts, Kiev region, are presented in
Table 1.

During the study, we performed a comparative assessment of associations
between PG and *’Cs levels in children who were carriers of different FM
genotypes, taking into account their age.

The statistical processing of the results obtained was performed using the IBM
SPSS Statistics 22 software (USA). The arithmetic mean (M) + standard error of
mean (m), confidence interval for the mean value (95 % CI), median (Me), inter-
quartile range (IR), minimum and maximum parameter values and percentiles were
calculated for the variables analysed. The distribution hypothesis was tested (a
Kolmogorov-Smirnov test). All the parameters under study did not conform to the
normal distribution law, thus, a non-parametric Mann-Whitney U test was used to
compare values. The statistical significance of variables was assessed by determin-
ing a significance level for p with the help of the statistical software programme.

12
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Table 1
Results of statistical analysis of specific content of incorporated '*’Cs in children
from Ivankovsky and Polessky districts, Kiev region

G Specific content of incorporated '*’Cs, Bg/kg
Troup name

P Average value | Median IR* Maximum value
Whole group 415+076 | 235 |1.98—30 37.21
(n=67)
137 -
(nisg) S0Bake | H199140 | 177|150 323 3721

Note. *IR — interquartile range (the range of values, containing the central 50 %
of sample observations, i.e. the interval between the 25th and 75th percentiles).

The Student’s t-test was used to compare relative values. The critical level
of significance for the null hypothesis (p) was set at 0.05. Associations between
37Cs specific activity, RI and age of children were identified with the help of
Spearman’s rank correlation coefficient (rxy). The strength of correlation was
assessed according to a typical scale: weak — 0 to 0.299; moderate — 0.3 to
0.699; strong — 0.7 to 1.0.

Results and discussion. When comparing levels of *’Cs specific activity in
the children, the median of the variable was 2.82 Bg/kg (IR 2.44-3.25; n=33) in
the group of younger school children (age: 8.0 — 11.11 years), and 2.07 Bg/kg
(IR 1.88-2.21; n=34) — in the group of older school children (age: 12.0 — 17.0
years). The non-parametric Mann-Whitney U test value was 175.0. Differences
between the variables were statistically significant (p = 0.0001). The average rank
of the variable was higher in the first group than in the second one, which showed
that there were higher measured levels of '*’Cs specific activity in the children
aged 6.0 — 11.11 years (Tables 2, 3).

Table 2
Statistical characteristics of variables analysed in children examined

Group of children aged | Group of children aged 12.0-18.0

Variables 8.0-11.11 years years
n Me IR n Me IR
Age, years 33 9.1 8.1-10.1 | 34 14.1 12.8-15.1
37Cs specific
activity, Bq/kg 33 2.8 2.4-3.3 34 2.1 1.9-2.21
RI 33 12.4 | 11.7-13.5 | 34 12.5 11.3-13.9

PG according to RI had no statistical differences in the younger and older groups
(Table 3).

13
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A moderate inverse association was found between age of children and their
37Cs concentrations (Table 4).

Thus, the studies conducted show that children of primary school age are more
exposed to radiation effects than those of older school age. Why does this happen?

Taking into account dietary habits of rural population in Polessky and Ivankovsky
raions, this can be explained by a larger consumption of milk and dairy products
produced in radiation contaminated areas by children of primary school age
compared to older children. Nevertheless, one should not exclude the effect of
a genetic factor on the activity of enzymes, which also determines the level of
metabolic processes in a developing body. In this regard, first of all, it is necessary
to study FM enzymes that regulate the main metabolic processes in the body.

Table 3
Results of statistically significant differences when comparing '*’Cs specific
activity by age in children examined

: Comparison | Number of | Average | Mann—Whitney U test,
Variables . .
groups subjects rank significance level, p
Age, years 1! 33 17.00 U =0.0001;
’ 22 34 50.50 p=10.0001
1¥7Cs specific 1! 33 45.70 U =175.00;
activity, Bq/kg 22 34 22.65 p =0.0001
RI 1! 33 34.00 U =561.00;
22 34 34.00 p=1.00
Note. ' — group 1 (age: 6.0-11.11 years); > — group 2 (age: 12.0-17.0 years).
Table 4

Results of correlation analysis between age and "’Cs specific activity
measurements in children examined

Correlation Parameter
Parameter : : .
coefficient Age, years PCs specific activity, Bq/kg
Spearman’s, r_ 1.000 -0.617"
Age, years | Sign. (2-tailed), p : 0.0001
N 67 67
B7Cs Spearman’s, r_ -0.617" 1.000
specific | Sign. (2-tailed), p 0.0001
activity,
Bq/ke N 67 67

Note. ** — Correlation is significant at the 0.01 level (2-tailed).

Carriership of the T allele of the MTHFR:C677T polymorphism responsible
for the synthesis of methylenetetrahydrofolate reductase involved in folate me-
tabolism was observed in 36 cases (53.7 % of the children examined) in the total
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group of children. At the same time, a moderate inverse association was reported
between *’Cs specific activity and age of children both in this subgroup and in the
subgroup of children who were not carriers of this allele (Table 5).

Table 5
Results of correlation analysis between '*’Cs specific activity and age in groups
of children with different polymorphisms

Parameters
Genotype Correlation coefficient | ¥7Cs specific activity, Bq/kg
and age, years
Spearman’s -0.545%*
MTHFR:677 C/T+T/T Sign. (2-tailed), p 0.001
N 36
Spearman’s -0.699**
MTHFR:677 C/C Sign. (2-tailed), p .0001
N 31

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
is significant at the 0.01 level (2-tailed).

There were no statistical differences between '*’Cs specific activity and RI in
the subgroups with the MTHFR:677 C/C and MTHFR:677 C/T+T/T genotypes.
A similar situation was detected in the subgroup of children aged 12.0 — 17.0
years, while carriership of the allele was seen in 17 cases (50.0 % of the number
of children in the subgroup).

Carriership of the T allele was reported in 19 cases (57.6 % of children in the
subgroup) in the younger subgroup of children. Elevated *’Cs levels and decreased
PG (RI) index were found in the subgroup of children with the MTHFR:677 C/
T+T/T genotypes compared to the subgroup of children with the MTHFR:677
C/C genotype (Tables 6, 7).

Thus, in the children who were carriers of the T allele of the MTHFR:677 poly-
morphism, elevated *’Cs levels in the body were accompanied by a decrease in
weight in relation to body length. This is confirmed by results of correlation analysis.

There was a moderate inverse association between '*’Cs specific activity and RI
values not only in the subgroup where the representation of the T allele was 100
per cent, but also in the MTHFR:1298 A/A genetic subgroup where there was the
largest proportion of carriers of the T allele among all the other genetic subgroups
analysed (Tables 8, 9).

So carriership of the T allele of the MTHFR:677 polymorphism predetermines
a larger ¥’Cs accumulation in the body.

The studies carried out show that '¥’Cs incorporation processes are closely con-
nected with the genome of FM. The 677 point mutation in the MTHFR gene
which affects the activity of methylenetetrahydrofolate reductase, contributes to
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the increase in *’Cs concentrations in children living in districts affected by the
Chernobyl nuclear power plant accident.

Table 6
Statistical characteristics of metabolic and physical growth variables in
examined children from a younger group

. . Group of children with
~ M?ﬁfg‘ﬁ.giihgﬂcgeirﬁh | MTHFR:677 QT+ T/T
Variables : g vp senopes
n | Me R n_| Me IR

37Cs specific
activity, Bq/kg

RI 14 13.3 | 12.38-14.23 19 11.90 | 11.50-13.30

14 2.52 2.39-2.83 19 3.07 2.75-3.29

Table 7
Results of statistically significant differences when comparing metabolic and
physical growth variables in examined children from a younger group

: : Mann—Whitney U
: Comparison | Comparison | Average .
Variables OUDS oUD Size rank test, significance
group group level, p
137Cs specific 1 14 13.14 U=179.0;
activity, Bg/kg 2 19 19.84 p=0.05
RI 1 14 21.43 U=71.0;
2 19 13.74 p=0.024

Note: Group «1» — a group of children with MTHFR:677 C/C genotype;
«2» — a group of children with MTHFR:677 C/T+T/T genotypes.

However, this ability is manifested when large amounts of radionuclides are
entered into the human body.

In this case, we are talking about the younger group of children aged 8.0 —
11.11 years who consume locally produced foods, especially milk and dairy
products, which according to recent studies, contain high levels of radioactive
elements [10].

At the same time, an inverse association is found between '*’Cs specific activity
and PG in children which shows that incorporated *’Cs radionuclides suppress
metabolic processes.

The presence of '¥’Cs in the children examined shows that foods produced in
Ivankovsky and Polessky districts, Kiev region, contain '*’Cs radionuclides. It is
possible to reduce levels of internal contamination with '¥’Cs in the population in
these areas, firstly, provided foods are carefully selected and processed.
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Table 8

Results of correlation analysis between '*’Cs and RI values in groups of children
with different polymorphisms

) ) Parameters
Genotype Correlation coefficient ¥Cs and RI
MTR:2756 A/G + Spearman’s -0.242
MTR;2756 G/G Sign. (2-tailed), p p=0.215
N 28
Spearman’s -0.202
MTR:2756 A/A Sign. (2-tailed), p p=0217
N 39
MTHFR: 1298 A/C+ [ oPearman s 003
MTHFR;1298 C/C Sign. (2-tailed), p p=0.826
N 43
Spearman’s -0.435%
MTHFR:1298 A/A  |Sign. (2-tailed), p p=0.033
N 24
MTHFR:677 C/T + Spearman’s -0.330*
MTHFR; 677 T/T Sign. (2-tailed), p p=0.049
N 36
Spearman’s 0.114
MTHFR:677 C/C Sign. (2-tailed), p p=0.541
N 31
MTRR66 A/G + Spearman’s -0.233
MTRR:66 G/G Sign. (2-tailed), p p=0.084
N 56
Spearman’s 0.094
MTRR:66 A/A Sign. (2-tailed), p p=0.784
N 11

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
1s significant at the 0.01 level (2-tailed).

It should be prohibited to consume forest berries, mushrooms and locally pro-
duced foods without prior radiation monitoring. It should be prohibited to burn
wood from radiation-contaminated areas in stoves in people’s homes, and it should
also be prohibited to use wood ashes from stoves as a fertiliser in fields where
agricultural plants are grown. In this regard, it is important to carry out regular
outreach activities with the population to raise awareness of the importance of
following radiation safety rules in areas affected by the Chernobyl nuclear power

plant accident.

17



YOPHOBWJIb: EKOJIOTIA I 3JOPOB’S. Bunyck 9 2019

Table 9
Proportion of cases with T allele of MTHFR:C677T polymorphism among the
genetic groups under study

Number of cases of carriership of T

Genotype Number of | 311ele of MTHFR:C677T polymorphism
cases

Absolute number %
MTR:2756 A/G +
MTR:2756 G/G 28 16 371
MTR:2756 A/A 39 20 51.3
MTHFR:1298 A/C +
MTHFR:1298 C/C 43 20 465
MTHFR:1298 A/A 24 16 66.7
MTHFR:677 C/T +
MTHFR:677 T/T 36 36 100
MTHFR:677 C/C 31 0 0
MTRR:66 A/G +
MTRR:66 G/G 36 31 354
MTRR:66 A/A 11 5 45.5

Conclusions. 1. *’Cs specific activity levels are higher in the children from the
districts of Kiev region, Ukraine, affected by the Chernobyl nuclear power plant
accident that comprise the younger age group (8.0 — 11.11 years) than in the chil-
dren from the older age group (12.0 — 17.0 years). There is an inverse association
between the age of children and their *’Cs levels.

2. 7Cs concentrations are higher and physical growth index is lower in the
children from the younger group who have the MTHFR:677 C/T + T/T genotypes
than in those from the same group who have the MTHFR:677 C/C genotype.

3. The 677 point mutation in the MTHFR gene which reduces the activity
of methylenetetrahydrofolate reductase involved in folate metabolism contributes
to the increase in '*’Cs levels and suppression of metabolic processes in the chil-
dren from the younger age group living in districts affected by the Chernobyl
nuclear power plant accident.

4. The children who are carriers of the T allele of the MTHFR:C677T genetic
polymorphism comprise a risk group with respect to incorporation of '¥’Cs ra-
dionuclides entering the human body through the digestive system, as well as by
inhalation.

5. The findings can be used in the implementation of initiatives aimed at reduc-
ing the degree of radiation effect on various population groups living in districts
affected by the Chernobyl nuclear power plant accident.
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CBs3b IPOLHECCOB UHKOPITOPAIIMU B OPTAHU3M
PAJUOHYKJIINAOB *'CS CTEHETUYECKUM
HOJINUMOPO®PU3ZIMOM MTHFR:C677T U PUZUYECKUM
PASBUTHUEM Y JETEM, IPOKUBAIOIINX B PAMOHAX,
MOCTPAJABIINX OT ABAPUU HA YEPHOBBILJIbCKOU
ATOMHO¥ DJEKTPOCTAHIIUA

banoasicesckuii IO.U., J[ybosas H.D.

B paiionax, pacronoxeHHbIX BOMU3M UepHOOBUTLCKOM aTOMHOM 3JEKTPOCTaH-
IIUU, BBISIBJICHO OOJIBIIIOE YHCIIO JETEH C MOBBIIIEHHBIM COACPKAHUEM B KPOBH
TOMOLIMCTENHA — IMPOAYKTa HE3aMEHUMOW aMUHOKHCIIOTBI METUOHMHA. BaxHO
ONPENIEINUTD CBA3b MEK/y CONEPKAHUEM PAJUOAKTUBHBIX AJIEMEHTOB B OpPraHU3-
M€, COCTOSIHUEM (DOTATHOTO IIUKJIA U (PU3HUECKUM Pa3BUTHEM JIETEH.

b0 padoThI IBUIIOCH ONPEICIICHUE CBSA3EH MEXKAY YPOBHEM PAJUOHYKIUIOB
7Cs B opranusme u reHernyeckum mnomumopdusmom MTHFR:C677T, orBer-
CTBEHHBIM 32 CUHTE3 METUJICHTETparuapodonarpeayKra3bl — OJJHOTO U3 OCHOB-
HBIX (pepMeHTOB (PONATHOTO LHMKIIA, a Takke, GU3MUECKUM PA3BUTHEM Y JETei
Pa3HOro BO3pacTa, MPOKUBAIOIINX B pallOHaX, MOCTPAIaBIINX OT aBapuu Ha Yep-
HOOBUTHCKOW aTOMHOM 3JIEKTPOCTAHLIUU.

MeTtoab! ucciieaoBanus. PagunoMerpuiecknii, IMMyHOXUMHAYECKUI, aHTPOIIOM-
€TPUYECKHUM, MATEMATHUKO-CTATUCTHYE CKAMN

Pe3yabrarbl. YienbHas aKTHBHOCTb PaavoHYyKiIHaoB *’Cs B opraHusMme jaeTei
u3 paitonoB KueBckoil obnmactu YKpauHsbl, MOCTPaaBUIMX OT aBapuu Ha YepHo-
ObUIBCKOM aTOMHOM AJIEKTPOCTAHIIMU, BXOJSAIIMX B MIIQJIIIYIO BO3PACTHYIO TPYIIITY
(8,0 — 11,11 ner) BbIIIE, YEM B OpraHU3MeE JETEH, COCTABUBIIMX CTapIIyI0 BO3-
pacthyto rpymiy (12,0 — 17,0 net). Mexay Bo3pacToM J€Tel U COACpKAHUEM pa-
aoHYKINA0B *’Cs B MX OpraHu3Me CyIIecTByeT 00paTHast KOPPEIISAIIMOHHAS CBSI3b.
Toueunas mytanusa 677 rena MTHFR, cHukaroniasi akTHBHOCTh METHIJIEHTETpa-
ruzipodonaTpeyKTasbl (POIaTHOTO HUKIA, CIIOCOOCTBYET YBEJIMUEHHUIO COIepKa-
HUSI pauoHYKIHIOB */CS M TIOJaBICHHIO MPOIECCOB 0OMEHA BEIIECTB B Opra-
HU3ME JIETEN MIIaIIIEe BO3PACTHOM IPYyNIIbl, POKUBAIOIINX B palilOHAax, OCTpa-
JaBLIMX OT aBapuH Ha UepHOOBLILCKON aTOMHON JIEKTPOCTAHIIUH.

Jletn, sBISIONIMECST HOCUTETSIMH aiuied 1 TeHeTHYecKoro mnoimuMopdusma
MTHFR:C677T, cocTaBiisitoT rpyIily pucka B OTHOIIIEHUH HHKOPIIOPALIUH PA/IMOHY-
knioB *7Cs, MOCTYMaroMX B OPraHu3M aJTAMEHTAPHBIM WK BO3TYIITHBIM ITyTEM.
[TonyueHHbIe pe3ysbTaThl MOTYT OBITh MCTIOIB30BaHBI MPU OCYIIECCTBICHUHN Me-
pPONPUATUI, HAIIPABJICHHBIX HA CHUYKEHUE CTENEHU PaAUAllMOHHOTO BO3IEMCTBUS
Ha pa3JINYHbIC TPYNIbI HACEIICHUS, TPOKUBAIOIINX B palilOHaX, MOCTPAJABIIUX OT
aBapuu Ha YepHOOBUTLCKON aTOMHOM JIE€KTPOCTAHITUH.

KarwueBbie cioBa. KoppensimonHas cBsi3b, paanoHykauabl ’Cs, (onaTHbIH
IIUKJI, METHJICHTEeTparuapodoaTpenykrasa, ajjeib 1, TeHeTUYECKUe MOJIUMOp-
bu3Mbl, GU3HUECKOE pa3BUTHE, PAAUOAKTUBHO 3arpA3HEHHAs TEPPUTOPHUSL.
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ASSOCIATIONS BETWEEN PROCESSES OF *'CS
INCORPORATION INTO HUMAN BODY, MTHFR:C677T GENETIC
POLYMORPHISM AND PHYSICAL GROWTH IN CHILDREN
LIVING IN RAIONS AFFECTED BY THE CHERNOBYL NUCLEAR
POWER PLANT ACCIDENT

Bandazhevsky Yu.l., Dubova N.F.

A large number of children have been found to have elevated blood levels of ho-
mocysteine, a product of metabolism of an essential amino acid methionine, in
districts located near the Chernobyl nuclear power plant. It is important to identify
associations between concentrations of radioactive elements, state of folate me-
tabolism and physical growth in children.

The purpose of the paper was to determine associations between *’Cs levels in
the body and the MTHFR:C677T genetic polymorphism responsible for the syn-
thesis of methylenetetrahydrofolate reductase — one of the key folate metabolism
enzymes, as well as physical growth in children of different age living in districts
affected by the Chernobyl nuclear power plant accident.

Research methods. Radiometric, immunochemical, anthropometric, mathemati-
cal and statistical.

Results. '*’Cs specific activity levels are higher in children from districts of Kiev
region, Ukraine, affected by the Chernobyl nuclear power plant accident that com-
prise the younger age group (8.0-11.11 years) than in the children from the older
age group (12.0 — 17.0 years). There is an inverse association between the age of
children and their *’Cs levels.

The 677 point mutation in the MTHFR gene which decreases the activity of meth-
ylenetetrahydrofolate reductase involved in folate metabolism contributes to the
increase in *’Cs levels and suppression of metabolic processes in children from
the younger age group living in districts affected by the Chernobyl nuclear power
plant accident.

The children who are carriers of the T allele of the MTHFR:C677T genetic poly-
morphism comprise a risk group with respect to incorporation of '¥’Cs radionuclides
entering the human body through the digestive system, as well as by inhalation.
The results obtained can be used in the implementation of initiatives aimed at
reducing the degree of radiation effect on various population groups living in dis-
tricts affected by the Chernobyl nuclear power plant accident.

Keywords. Association, '¥’Cs radionuclides, folate metabolism, methylenetetra-
hydrofolate reductase, T allele, genetic polymorphisms, physical growth, radia-
tion-contaminated areas.
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PECULIARITIES OF HOME DIETS OF RURAL CHILDREN
LIVING IN RADIATION-CONTAMINATED AREAS
IN THE POST-CHERNOBYL PERIOD

Dubovaya N.F., Bandazhevsky Yu.l.

The consumption of locally produced foods as a main food source by rural
children living in radiation-contaminated areas (RCAs) still leads to increased
intake of radionuclides and an increase in the internal radiation dose, causing
significant morphofunctional disorders of many organs and body systems, and
also physical growth, which to a certain extent reflects the level of their health
[1-7].

“Forest gifts” also play an important role among foods that contain *’Cs
and *°Sr — the main dose-forming radionuclides in the remote period after the
Chernobyl accident. The '¥’Cs specific activity in samples of the mushrooms and
berries studied picked in radiation- contaminated forests often exceeds maximum
permissible levels (PL-2006) and cases of samples with high specific activity have
been still reported [8, 9].

When living in RCAs it is important not only that foods do not contain
radioactive agents. A diet should be nutritious, balanced, diverse and safe, and
help to keep and maintain health.

Until recently, children living in areas affected by the Chernobyl nuclear power
plant accident received approximately 75-80 % of the daily ration having three
meals a day in preschool and school institutions. At present, school children are
forced to receive most of the daily ration at home, since the state has completely
or partially stopped financing school meals.

A questionnaire survey of 346 residents of rural localities in Ivankovsky and
Polessky districts of Kiev region was conducted to study peculiarities of home
diets of children living in RCAs. The survey involved 109 parents having children
of younger age (5.0-11.11 years) and 237 school children aged 12.0-17.0 years.
During the survey, special attention was paid to clarifying issues on the frequency
of consumption and the origin of basic foods due to which the internal radiation
dose is formed in RCAs in the remote period after the accident.

Milk and dairy products are the main source of vital nutrients for the developing
human body, including animal proteins, essential amino acids, vitamins and
microelements [10]. In particular, in order to cover a child’s daily requirement for
calcium, it is necessary to consume at least 500 ml of cow’s milk or fermented milk
products. Failure to meet the norms of consumption of milk and farmer cheese
leads to insufficient levels of this macronutrient in the body, and as a result, to the
abnormal formation of bone system and other vital systems [11].

Calcium is also an antagonist to *’Sr. Calcium inclusion into the diet in the
amount of 1.5-2 times exceeding the physiological needs significantly reduces

the absorption of *’Sr in the gastrointestinal tract (up to 15% of its content in
food) [12].
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According to the survey results, 91.6 % of all the children analysed consume
milk and dairy products (Fig.). At the same time, this figure was 95.4% in the
younger age group and 89.9 % in the older age group.

The mentioned food product was present in the home diet of children with a
different frequency. Thus, 104 children — 30.1 % of all respondents (43 or 39.5 %
of children aged 5.0-11.11 years and 61 subjects or 25.7 % of the older age group)
said they consumed milk on a daily basis; 87 subjects — 25.1 % of respondents
(34 children from the younger age group (31.2 %) and 53 subjects of older age
(22.4 %) included milk in the home diet 3-4 times a week; 20.8 % of respondents
(72 out of 346 rural children): 11.9 % of younger children (13 subjects) and 24.9 %
of older children (59 subjects) consumed milk and meals containing milk 1-2
times per week. 29 children or '/ ) of the total number of respondents answered
that they did not consume this product for various reasons.

Thus, it was found that the children aged 5.0-11.11 years consumed milk
statistically significantly more often (t = 2.50; p = 0.013865) than children aged
12.0-17.0 years and among them there are significantly fewer people who do not
consume milk (t=2.80; p=0.01018).

% 120
95.4 0.
100 ‘
80+ |
601 |
401 |
20_/_ : 4 4.6 '
0_ A4 —— A4
All children Group aged Group aged
5.0-11.11 years  12.0-17.0 years
O Consume milk Do not consume milk

Fig. Distribution of affirmative answers of respondents to a question on the
consumption of locally produced milk within each age group of children.

Meat also contains nutrients that are very important for the human body —
phosphorus, magnesium, iron, potassium, vitamins. However, it should be kept
in mind that meat and internal organs (heart, liver, kidneys, lungs) of farm ani-
mals raised in private farms in RCAs without complying with the rules of animal

23



YOPHOBWJIb: EKOJIOTIA I 3JOPOB’S. Bunyck 9 2019

management and nutrition, as well as meat of hunted wild animals may contain
elevated radionuclide concentrations [13].

An analysis of affirmative answers to the question on the inclusion of meat
into the home diet of children showed that 93.7% (324 respondents) con-
sumed this type of food with a different frequency (103 children of the younger
age group (94.5%) and 221 school children of the older age group (93.2 %)).
42.2 % of respondents consumed meat with a frequency of 3 times per week
or more, 40.2% (139 children) — 1-2 times per week and 11.3% (39 chil-
dren) consumed meat rarely. 2.6 % of school children (9 subjects) said they
had no meat in their home diet, 3.8% or 13 children chose «Other» among
the answer options, which may suggest they consume meat or meat products
occasionally.

Interest was generated by the answers to the question on what kind of meat was
used most often in the diet of the children. 113 respondents (32.7 %) answered
that it was pork, and and this product was more common in the home diet of
younger school children (41.3 %) compared with the older children (28.7 %). The
second place in terms of frequency of consumption was taken by poultry meat
(26.6 %) and the third place belonged to beef (9.3 %). Only 2.0 % of respondents
reported that they mainly consumed rabbit meat. The home ration of 3.8 % of
school children included meat of wild animals and birds, and about 22.0 % of
respondents said they consumed 2 or 3 types of meat with the same frequency. In
addition, 1.2 % of children could not answer the question categorically and chose
the answer option «Other».

In the current critical economic situation in RCAs, forest gifts are the important
food sources for the majority of rural residents. It has been established that the
contribution of natural food to the internal radiation dose increases every year and
may reach 70 % [14].

The results of the survey showed that forest mushrooms and berries were con-
stantly present in the home diet of 8.1 % of respondents, and they were consumed
by more than half of respondents (62.1 %) in their season. 15.9 % of children con-
sumed forest gifts rarely, and 13.0 % did not consume at all. 3 out of 346 (0.9 %)
respondents found it difficult to say how frequently they use wild mushrooms or
berries in their diet.

A comparative analysis of consumption of wild foods showed that the children
of younger age consumed mushrooms and berries in their season statistically sig-
nificantly more often than older children (t=3.59; p=0.0004). The proportion of
individuals who denied the consumption of this type of products was 6.4% in the
younger age group of children and was statistically significantly (p<0.05) smaller
compared with the children aged 12.0-17.0 years (16.03 %).

Thus, the findings suggest that rural residents of RCAs use local agricultural
and natural foods in their home diet. In this regard, radioactive elements enter the
body of children every day and adversely impact the metabolic processes and the
functioning of vital organs.
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Conclusions. 1. The diet of children from families living in rural areas contam-
inated with radioactive elements as a result of the Chernobyl nuclear power plant
accident mainly consists of locally produced foods, as well as wild mushrooms
and berries.

2. A higher frequency of consumption of dairy products, as well as wild berries
and mushrooms was reported in the group of children aged 5.0-11.11 years com-
pared to the group of children aged 12.0—17.0 years.

3. A small number of rural children consume meat of wild animals. However,
taking into account the high levels of radioactive contamination of the meat, this
part of the population should be viewed, first of all, as a critical group along with
the residents who consume wild foods more actively.

4. The findings indicate that there is a need to provide children living in rural
areas affected by the accident at the Chernobyl nuclear power plant with safe and
healthy food products.
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OCOBEHHOCTH JOMAIIIHETO MUTAHUSA CEJbCKHUX JETEMN,
INPOKUBAIOIINX HA PAIMOAKTHUBHO 3AT'PA3HEHHDBIX
TEPPUTOPUSX, BITIOCTUEPHOBBIJILCKUM MTEPUO/I

Ilyoosas H.®., banoascescxuii FO.H.

N3meHeHnss B opraHu3aliyd MUTAHUSI CEIbCKUX IIKOJIHHUKOB, MPOKHUBAKOIIUX
Ha paJiMOAaKTHBHO 3arpsi3HeHHbIX TeppuTopusax (P3T), mpuBeno K yBeIMYEHHUIO
BKJIa/la JOMAIIIHETO MUTaHMs B CYTOUHOM paluoHe aeteil. HekoHTponupyembie
MPOAYKTHI TUTAHUS MPUBOAAT K MOBBIILIEHHOMY MOCTYIJIEHUIO PAJHMOHYKIUIOB
B OpraHU3M U YBEJIIMYEHHUIO J103bl BHYTPEHHErO OOIy4YEeHUs, UYTO O00yCIaBIMBAECT
CyliecTBeHHbIe MOP(HOPYHKITMOHATBLHBIE HAPYIICHUSI MHOTMX OPTaHOB U CUCTEM
OpraHu3Ma, a Takxke (PU3MYECKOro Pa3BUTHS.

Heabo padoThl OBIIO M3ydYeHHE OCOOCHHOCTEH TOMAIIHETO MHUTAHUS JETEH,
npoxuBatomux Ha P3T, B otnanenusiil nepuon nocie YepHOOBUTLCKOM aBapHH.
MeTtonbl uccie0BaHus. AHKETHBIN, MATEMaTHKO-CTATUCTUYECKHIA.
Pesyabrarsl. [IpoankerupoBano 346 xutenei CeNbCKUX HACEICHHBIX MyHKTOB
NBankoBckoro u [lonecckoro paitonoB Kuesckoit obnactu, u3z aux — 109 poau-
Tenel, UMEIoINX aeTeil muasamero Bo3pacta (5,0-11,11 ner), u 237 y4eHUKOB B
Bo3pacte 12,0-17,0 net. B Xone aHKeTUpPOBaHUS BBISICHSJICS BOIPOC O YACTOTE
yHOTpeOSIeHNs ¥ TPOUCXOKICHUH TIPOAYKTOB MUTAHUS, KOTOPbIE BHOCST OCHOB-
HOU BKJIaJ B (popMUpOBaHHE J03bl BHYTpeHHEro obmydenust Ha P3T B Hacros-
1iee BpeMsl. YCTaHOBJIEHO, YTO PAllMOH JIOMAIIIHETO MUTAaHUS CEMEU B CEIbCKOU
MECTHOCTHU MPEUMYIIECTBEHHO COCTABIISIIOT MIPOAYKThl MECTHOTO MPOU3BO/CTBA,
a TakKe TUKOpacTymue Tpuosl u sironbl. [lpu 3Tom aetu B Bospacte 5,0-11,11
JIET CTaTUCTUYECKH ocToBepHO (p<0,05) yarie ynoTpeOasstoT MECTHOE MOJIOKO
U «Japhl Jeca» B CpaBHEHHM € Bo3pacTHou rpymmou 12,0-17,0 mer. 3,8 % pe-
CIIOHJICHTOB yKa3ajyl Ha ynoTpeOseHue Msica TUKUX >KUBOTHBIX. [IpuHUMas BO
BHHMAaHUE BHICOKHME YPOBHH PAJMOAKTUBHOTO 3arpsS3HEHUSI TUYH, 3Ta 4YaCTh Hace-
JIEHUS JOKHA PACCMATPUBATHCS KaK KPUTHUUYECKAsl TPyIa Hapsly C KUTEIISIMHU,
AKTUBHO TOTPEOJAIONMMME B THUILY AUKOPACTYIYIO Tpoaykiuio. [lomyueHnHbie
pe3yabTaThl CBUACTENBCTBYIOT O HEOOXOAMMOCTH OOECIEUECHUsI MUTAHUS CEllb-
CKHX JIeTeH, MpoKkuBarolnx Ha P3T, 3KOJIOrHYECKN YUCTHIMU U MTOJIE3HBIMHU IS
3JI0pPOBbsI MPOTYKTAMH.

KuroueBbie ciioBa. [letu, joManiHee NUTaHUE, CENbCKasi MECTHOCTb, PaJUOAK-
THUBHO 3arpsi3HEHHAs1 TEPPUTOPHSL.
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PECULIARITIES OF HOME DIETS OF RURAL CHILDREN
LIVING IN RADIATION-CONTAMINATED AREAS
IN THE POST-CHERNOBYL PERIOD

Dubovaya N.F., Bandazhevsky Yu.l.

Changes in the organisation of school nutrition for rural school children living in
radiation-contaminated areas (RCAs) have led to an increase in the contribution
of home meals to the daily ration of children. Uncontrolled foods lead to increased
intake of radionuclides and an increase in the internal radiation dose, causing sig-
nificant morphofunctional disorders of many organs and body systems, as well as
physical growth.

The purpose of this work was to study the peculiarities of home diets of children
living in RCAs in the remote period after the Chernobyl accident.

Research methods. Questionnaire, mathematical and statistical.

Results. 346 residents of rural localities in Ivankovsky and Polessky raions of
Kiev oblast filled questionnaires. Among them there were 109 parents who had
children of younger age (5.0-11.11 years) and 237 school children aged 12.0-17.0
years. During the survey, we tried to clarify issues on the frequency of consump-
tion and the origin of foods which contribute to the formation of the internal
radiation dose in RCAs in the present time. It was found that the home diet of
families living in rural areas mainly consisted of locally produced foods, as well
as wild mushrooms and berries. At the same time, the children aged 5.0-11.11
years consumed milk and “forest gifts” statistically significantly (p<0.05) more
often compared to the age group of 12.0-17.0 years. 3.8 % of respondents said
that they consumed meat of wild animals. Taking into account high levels of ra-
dioactive contamination of the meat, this part of the population should be viewed,
first of all, as a critical group along with the residents who consume wild foods
more actively. The findings indicate that there is a need to provide children living
in RCAs with safe and healthy food products.

Keywords. Children, home diet, rural areas, radiation-contaminated areas.
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PHYSICAL GROWTH OF CHILDREN IN THE PRESENCE OF
B7CS INCORPORATION 30 YEARS AFTER THE CHERNOBYL
NUCLEAR POWER PLANT ACCIDENT

Bandazhevsky Yu.l., Dubova N.F.

A significant part of the population of the former USSR countries, including
Ukraine, the Republic of Belarus and the Russian Federation, has been under
constant radiation exposure due to the testing of nuclear weapons and Chernobyl
nuclear power plant accident for more than half a century [1-3].

This is mainly due to *’Cs and *Sr radionuclides which can enter the body with
air or as a part of food [1, 4].

Taking into account negative trends in morbidity and mortality, as well as the
demographic situation as a whole, during the observed period, it is important to
conduct a comprehensive assessment of the effect of the radiation factor on vital
processes of the human body, and this, first of all, relates to children.

In this regard, it is reasonable to determine whether there are associations
between radionuclides incorporated into the child’s body and its physical growth,
which is a combination of morphological and functional markers characterising
the processes of growth and biological maturation.

The purpose of this study was to identify associations between '*’Cs
radionuclides incorporated into the body and physical growth in children 30 years
after the Chernobyl nuclear power plant accident.

Material and methods. The study was carried out within a project of the
European Commission in Ukraine “Health and ecological programmes around the
Chernobyl Exclusion Zone: Development, training and coordination of health-
related projects”, bioethics rules were also followed and informed consents were
signed by parents of each subject.

1656 children (838 boys and 818 girls) from Polessky and Ivankovsky districts
of Kiev region located near the Chernobyl nuclear power plant were examined.
According to data of dosimetry certification of settlements, the territory of the
raions has remained contaminated with radioactive substances after the Chernobyl
accident until the present day ('*’Cs soil contamination density in some localities
varied from 0.17 to 1.9 Cu/km?) [5].

The children were divided into three groups according to their age at the time
of examination: younger — 2.0-5.11 years (n = 150), middle — 6.0 -11.11 years
(n="782), older — 12.0-18.0 years (n = 724).

Physical growth (PG) in children was assessed with the help of anthropometric
measuring techniques standardised in Ukraine [6, 7, 8]. The Rohrer’s weight/
height index (RI), calculated by dividing weight in kilograms by the cubic of
height in meters, was chosen as a criterion for assessment of PG and metabolism
in a child [9].

The RI allows to estimate the degree of weight and height conformity of an
individual. Normal PG is defined at RI values of 10.7 to 13.7 kg/m?, abnormal PG
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in children with insufficient body weight is defined at RI values of less than 10.7
kg/m?, and abnormal PG in children with excessive body weight is defined at RI
values of more than 13.7 kg/m?. Three subgroups were identified in the group of
children from Polessky and Ivankovsky districts according to RI values: «1» —
abnormal (low) PG, Rl is < 10.7; «2» — normal PG, RI is in the range of < 13.7
and > 10.7; «3» — abnormal (high) PG, Rl is > 13.7.

Blood erythrocyte and haemoglobin concentrations in children were determined
using a Pentra XL80&ACCESS&454086 (25x1200 pcs) (France&Germany)
haematology analyser.

37Cs specific activity in children was measured on the date of anthropometric
measurements and blood collection using a SICH-AKP-3 three-detector
spectrometer (OOO NPP ATOMKOMPLEKSPRIBOR, Ukraine), during 10
minutes. Spectra were processed automatically, specific activities of radioactive
elements were calculated and the information obtained was saved with the help of
the AKWin software.

During the studies conducted, a comparative assessment of statistical values
of the content of *’Cs radionuclides in the body of children from different age
groups was carried out, as well as an assessment of the correlations between the
values of the specific activity of *’Cs radionuclides in the body and indicators of
physical development, the content of erythrocytes and hemoglobin in the blood.

The statistical processing of the results obtained was performed using the IBM
SPSS Statistics 22 software (USA). The arithmetic mean (M), &+ standard error
of mean (m), confidence interval for the mean value (95 % CI), median (Me),
interquartile range (IR), minimum and maximum parameter values and percentiles
were calculated for the variables analysed. The distribution hypothesis was tested
(a Kolmogorov-Smirnov test). All the parameters under study did not conform
to the normal distribution law, thus, a non-parametric Mann-Whitney U test was
used to compare values. The statistical significance of variables was assessed by
determining a significance level for p with the help of the statistical software
programme.

The Student’s t-test was used to compare relative values. The critical level of
significance for the null hypothesis (p) was set at 0.05. Associations between '¥’Cs
specific activity, RI, age of children, haemoglobin and erythrocyte values were
identified with the help of the Spearman’s rank correlation coefficient (rxy). The
strength of correlation was assessed according to a typical scale: weak — 0 to
0.299; moderate — 0.3 to 0.699; strong — 0.7 to 1.0.

Results and discussion. The measurements conducted showed that '*’Cs
specific activity in the children examined was 4,36+0,27 Bg/kg.

An inverse association was found between the age of children and their ¥’Cs
specific activity (Table 1).

The *’Cs specific activity and RI values were statistically significantly higher
in children from the younger group than in those from the middle and older groups
(Tables 2, 3, 4). There was a weak direct association between these values in the
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total group, there was no association in the younger group, while in the older group
there was a moderate inverse association (Table 5), with no link between age and
RI (Table 6 ). The *’Cs specific activity values of children from the older group
were higher in the subgroup with RI < 10.7 than in the subgroups of children with
RI>10.7 and < 13.7, and with RI > 13.7 (Tables 7, 8).

Table 1
Results of correlation analysis between age and '*’Cs specific activity in children
examined

Grouns of Parameters
h'lcll) Correlation coefficient
chridren Age, years | ¥Cs specific activity, Bq/kg
Spearman’s -0.603**
Total . :
group Sign. (2-tailed), p 0.0001
N 1656
Spearman’s -0.513**
Younger ; 1
group Sign. (2-tailed), p 0.0001
N 150
Spearman’s -0.573**
Middle . .
aroup Sign. (2-tailed), p 0.0001
N 782
Spearman’s -0.224%*
Older : .
group Sign. (2-tailed), p 0.0001
N 724

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
is significant at the 0.01 level (2-tailed).

Thus, in the absence of the effect of the age factor, the association is observed
between RI and *’Cs concentrations in children of the older group. Higher *’Cs
specific activity is accompanied by a decrease in RI (Fig. 1).

The analyses carried out showed that a body mass to length ratio as RI was
higher in the children of younger age in the group under study than in those from
the older age group (Fig. 2), 1.e. there are more cellular and intercellular elements
per unit of body length.
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Table 2
Statistical characteristics of analysed variables of children examined
Younger group Middle group Older group
(n=150) (n=1782) (n=724)
Variable
Me IR Me IR Me IR
137CS
specific | 301 | 2.79-327 | 248 | 2.15-2.68 | 1.68 | 1.54-1.96
activity,
Bqg/kg
RI 15.08 | 13.74-16.02 | 12.73 | 11.82-13.66 | 12.17 | 11.19-13.44
Table 3

Results of statistically significant differences in *’Cs specific activity between
groups of children

Variable Comparison Comparl.son Average rank Manq—W_they U test
groups group size value, significance level, p
! 150 739.01 U =17773.000;
2 782 414.23 p =0.0001
137CS
specific 1 150 691.51 U=16198.000;
%C;}gy’ 3 724 384.87 p=0.0001
2 782 976.12 U=108996.000;
3 724 513.05 p=0.0001

Note. Group 1 — younger group; 2 — middle group; 3 — older group.

This logically goes together with higher '*’Cs specific activity (Fig. 3). How-
ever, no positive association was observed between '*’Cs specific activity and RI
in separate age groups, there was a weak link only in the total group. Thus, the
increased accumulation of '¥’Cs radionuclides in children of the younger group
in comparison with those from the older group cannot be associated only with
physiological age peculiarities. It can be explained by the fact that younger chil-
dren consume more dairy products (cow’s and goat’s milk) produced in areas
contaminated with radionuclides than children of older age. Even relatively small
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amounts of '*’Cs radionuclides contained in food can cause abnormal functioning
of vital organs in the developing body of a child [10, 11].

Table 4

Results of statistically significant differences in the physical growth index
(Rohrer’s index) between groups of children

. omparison omparison verage ann— 1tne test
Variable Compari Compari Averag M Whitney U
groups group size rank value, significance level, p
1 150 717.02 U =21072.500;
2 782 418.45 p =0.0001
. 1 150 689.89 U=16442.000;
3 724 385.21 p=0.0001
. 782 814.80 U=235143.500;
3 724 687.28 p=0.0001

Note. Group 1 — younger group; 2 — middle group; 3 — older group; RI —

Rohrer’s index.

Table 5
Results of correlation analysis between RI and '*’Cs specific activity in children
examined
lati Parameters
Groups of children Sgggijitelg? RI 37Cs specific activity, Bg/
kg
Spearman’s 0.070%**
Total group Sign. (2-tailed), p 0.005
N 1656
Spearman’s 0.120
Younger group Sign. (2-tailed), p 0.144
N 150
Spearman’s -0.094*
Middle group Sign. (2-tailed), p 0.009
N 782
Spearman’s -0.326**
Older group Sign. (2-tailed), p 0.0001
N 724

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
1s significant at the 0.01 level (2-tailed).
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The absence of an association between age and RI in the older group of chil-
dren allows to determine the effect of incorporated '*’Cs radionuclides on meta-
bolic processes. The negative association between '*’Cs specific activity and RI
values, as well as statistical differences in *’Cs levels between the groups with
different RI show that there is a suppression of cell metabolism under conditions
of internal radiation expansion.

37Cs specific activity and RI values were the highest in children from the age
group of 2.0 — 5.11 years compared to other groups, the inverse association be-
tween age and RI was of moderate strength, and there was no association between
37Cs specific activity and RI values.

The moderate inverse association was found between '*’Cs specific activity and
RI values in the group of children aged 12.0 — 18.0 years, and there was no link
between age and RI.

Table 6
Results of correlation analysis between age and RI in groups of children
examined

Parameters
Groups of children | Correlation coefficient
Age, years RI
Spearman’s -0.325°%*
Total group Sign. (2-tailed), p 0.0001
N 1656
Spearman’s -0.511%*
Younger group Sign. (2-tailed), p 0.0001
N 150
Spearman’s -0.320%*
Middle group Sign. (2-tailed), p 0.0001
N 782
Spearman’s 0.023
Older group Sign. (2-tailed), p 0.532
N 724

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
is significant at the 0.01 level (2-tailed).
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Table 7
37Cs specific activity (Bg/kg) in children from the older group (12-17 years)
with different RI values.

Subgroups of children with different RI values

: Subgroup 1 Subgroup 2 Subgroup 3
Variable (n =102) (n=474) (n =148)
Me IR Me IR Me IR

PCs (Bg/kg) 1.80 | 1.65-2.08 | 1.70 | 1.56-1.97 | 1.53 | 1.43-1.70

Note. Subgroup number: Subgroup 1 — RI1s <10.7; Subgroup 2 — Rl is in the
range of < 13.7 and > 10.7; Subgroup 3 — Rl is > 13.7.

The age dynamics of *’Cs incorporation values is associated not so much with
specific aspects of physical growth of children as with the alimentary factor. Chil-
dren of younger age consume cow’s and goat’s milk produced in areas contami-
nated with radionuclides in larger quantities compared with children of older age.

A child’s PG is closely associated with the state of vital systems of the human
body, including the hematopoietic system. Peripheral blood erythrocyte and hae-
moglobin concentrations increase with a child’s age, as evidenced by a positive
association (Table 9).

Table 8
Results of quantitative comparison of variables (non-parametric analysis) in
children from the older group (12-17 years) with different RI values.

Ivankovsky raion
Vartle | ST N f o s
cases level, p
! 102 32629 | U=20319.500;
2 474 280.37 P=0.011
Cs (Barke) 1 102 161.35 U= 3891.000;
3 148 100.79 P=0.0001
2 474 33995 | U=21588.500;
3 148 220.37 P=0.0001

Note. Subgroup number: Subgroup 1 — RIis < 10.7; Subgroup 2 — Rl is in the
range of < 13.7 and > 10.7; Subgroup 3 — Rl is > 13.7.
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Table 9

Results of correlation analysis between age, haemoglobin concentration,
erythrocyte count and "*’Cs specific activity in children from the total group

Parameters
Correlation 7Cs
Eryth t .
Parameters coefficient r}; 5 ljgfy e Hb. specific Age,
10" /L’ g/L activity, | years
Bg/kg
Spearman’s 0.196** | 0.364** | -0.599** | 1.000
Age, Sign. (2-tailed),p | 0.0001 | 0.0001 | 0.0001
years
N 1606 1606 1601 1607
0 Spearman’s -0.170%* | -0.312** | 1.000 | -0.599%*%*
specific : o
activity, Bq/ Sign. (2-tailed), p 0.0001 0.0001 0.0001
ke N 1600 1600 1601 1601
Spearman’s 0.715%* 1.000 | -0.312** | 0.364**
;‘i’ Sign. (2-tailed), p 0.0001 0.0001 | 0.0001
N 1605 1606 1600 1606
Spearman’s 1.000 0.715%* | -0.170** | 0.196**
Erythrocyte
count, Sign. (2-tailed), p 0.0001 | 0.0001 | 0.0001
10"%/L
N 1604 1605 1600 1606

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
1s significant at the 0.01 level (2-tailed). Hb — haemoglobin.

An inverse association between *’Cs specific activity and blood erythrocyte
and haemoglobin concentrations found in the total group reflects the inhibition
of cell proliferation processes under the influence of incorporated *’Cs radionu-
clides (Table 9). This statement finds confirmation in children aged 12.0-18.0
years, when there is no pronounced effect of the age factor on hematopoiesis
processes (Table 10). The studies conducted show that a child’s body is sensitive
towards even relatively small amounts of *’Cs radionuclides.
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Table 10
Results of correlation analysis between haemoglobin concentration, erythrocyte
count and '*’Cs specific activity in children aged 12.0-18.0 years

Parameters
p Correlation
arameters coefficient Erythrocyte | o/l 137Cs specific
count, 10'?/L ’ activity, Bq/kg
, Spearman’s -0.075* -0.174%** 1.000
37Cs specific
activity, Bq/ | Sign. (2-tailed), p 0.044 0.0001
kg
N 721 721 721
Spearman’s 0.739%* 1.000 -0.174%*
Hb, g/L Sign. (2-tailed), p 0.0001 : 0.0001
N 721 721 721
Spearman’s 1.000 0.739%* -0.075*
Erythrocyte | . .
count, 1012/L Sign. (2-tailed), p : 0.0001 0.044
N 721 721 721

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
1s significant at the 0.01 level (2-tailed). Hb — haemoglobin.
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Figure. 1. Distribution of medians of '*’Cs specific activity values in the body of chil-
dren of the older group with different levels of physical development (Rohrer index).
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Figure. 2. The distribution of the medians of the values of the Rohrer index in
children of different ages.
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Figure. 3. The distribution of the median values of the specific activity of '*’Cs
in the body of children of different age groups.

Conclusions. As a result of the studies conducted, the dependence of '*’Cs spe-
cific activity, physical growth index and their associations on the age of children
living in districts affected by the Chernobyl nuclear power plant accident has been
found.

The inverse association was observed between '*’Cs specific activity values and
blood erythrocyte and hemoglobin concentrations in the children examined.
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The results obtained show that there is a negative effect of incorporated *’Cs
radionuclides on metabolic processes in the child’s body.
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®U3NUYECKOE PABBUTHUE JJETEN TP UHKOPIIOPALIUU
PAJJMOHYKJIUJAOB ¥'CS CIIYCTS 30 JIET IOCJIE ABAPUU HA
YEPHOBBLJIBCKON ATOMHOM JIEKTPOCTAHIIUU

banoascesckuii 1O.U., J[ybosas H.D.

VY4uThiBasi HETaTUBHYIO TEHACHIIMIO 3a00JIEBAEMOCTH U CMEPTHOCTH, U B IIEJIOM,
nemorpaduyeckoil CUTyalluu Ha TepPUTOPUH, IOCTPAiaBIlel OT aBapuu Ha Yep-
HOOBUTHCKOW aTOMHOM 3J€KTPOCTAHIIUH, BaXKHBIM SIBIISIETCS OLIEHKA BIUSHUS pa-
JUALMOHHOTO (paKTOpa Ha MPOLECCHI )KM3HECIIOCOOHOCTH OpPraHu3Ma, MpPEexie
BCETO JIETCKOTO.

Henbr0 HacTOALIEI0 MCCJIECAOBAHMS SIBUIOCH ONPEICICHUE CBA3U MEXKIy UH-
KOPIIOPUPOBAaHHBIMHU B OPraHu3M paauonykiuaamu *’Cs u GU3U4eCcKrM pa3BH-
TueM aeteit, crrycts 30 set nocie aBapuu Ha YepHOOBUTLCKOM aTOMHOM AIIEKTPO-
CTaHIHUU.

Metoabl ucciienoBaHus. Paguomerpruueckuii, aHTPOIIOMETPUUECKU, TeMaTo-
JIOTUYECKMI, MAaTEeMaTUKO-CTaTUCTUUCCKUH.

Pe3ynbraThbl. BoisBieHa 3aBUCHUMOCTD MTOKa3aresel yaeapHol akTuBHOCTH *'Cs
U (PU3NYECKOTO Pa3BUTHS, U UX KOPPEJSIIIMOHHBIX CBSI3€d, OT BO3pacTa JeTeil,
IPOKUBAIOLIMX B pailoHaX, MOCTPaJaBIINX OT aBapuu Ha YepHOOBUILCKOM aToOM-
HOU DJIEKTPOCTAHIIHH.

VY nereit u3 Bo3pactHOM rpynmsl 2,0 — 5,11 et 3HaYeHHs yaeabHOW aKTHBHO-
ctu *’Cs u ungekca Popepa (MP) Obutn HanOGonbpmuMu, B CpaBHEHUH C JIPYTH-
MU Tpynrnamu, oOpaTHas KOppeIsIMoHHas CBs3b MEXy Bo3pactoM u VP Oblia
Cpe/IHEel CHJIBI, a CBA3b MKy 3HAUCHUSMHU yieabHON akTuBHOCTH *’Cs u 1P He
ONpPENEIIIaCh.

B rpynmne gereit B Bo3pacte 12,0 — 18,0 neT Mexay 3HaUEHUSMH yIEIbHOM aK-
tuBHOCTH *’Cs m UP ycraHoBiIeHa 0OpaTHasi KOPPEISAIMOHHAS CBS3b CpeIHEH
CHUJIBI, CBSI3b MEXy Bo3pacTtoMm U UP orcyrcTBOBana.

Bospacthas quHaMuka rmokasateaci HHKOPIopauu paguonykinaos *’Cs, cBs-
3aHa HE CTOJIBKO C 0COOEHHOCTSIMU (PU3UUECKOTO PAa3BUTHS IETEH, CKOIBKO C aju-
MEHTapHbIM (hakTopoM. JleTu Miajaiero Bo3pacta noTpedsitoT B OOJIBIINX KO-
YEeCTBaX, 10 CPAaBHEHUIO C JIETbMH CTApPUIET0 BO3pacTa, KOPOBHE U KO3bE MOJIOKO,
[0Jy4aeMO€ Ha TEPPUTOPUH, 3arPSI3BHEHHON PaJMOHYKIUIaMHU.

Mesxay 3HaYeHUSIMU YIIEIbHOM akKTUBHOCTH *’Cs U KOJIMYECTBOM SPUTPOIIUTOB U
reMorioOnHa B KpOBU 00CIIEAyEeMbIX JIETEH YCTaHOBIEHA OOpaTHast KOppemsiu-
OHHasl CBSI3b.

[Tony4yeHHsbie pe3ynbTaThl CBUETEIBCTBYIOT O HEFaTUBHOM BIMSIHUU UHKOPIOPH-
POBaHHBIX paaroHyKIHI0B *’Cs Ha mpoIrecchl 0OOMEHa BEIIECTB JAETCKOTO opra-
HU3MA.

KuaroueBsble ciioBa. Bo3pacT nereii, KoppelaiMoHHAas CBsi3b, MHIECKC Popepa, pa-
AOHYKIUABI *Cs, paln0akKTHBHO 3arpsI3HEHHAS TEPPUTOPHSL.
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PHYSICAL GROWTH OF CHILDREN IN THE PRESENCE OF
B7CS INCORPORATION 30 YEARS AFTER THE CHERNOBYL
NUCLEAR POWER PLANT ACCIDENT

Bandazhevsky Yu.l., Dubova N.F.

Taking into account negative trends in morbidity and mortality, as well as the de-
mographic situation as a whole in areas affected by the Chernobyl nuclear power
plant accident, it is important to carry out an assessment of the effect of the radi-
ation factor on vital processes of the human body, and this, first of all, relates to
children.

The purpose of this study was to identify associations between *’Cs radionu-
clides incorporated into the body and physical growth in children 30 years after
the Chernobyl nuclear power plant accident.

Research methods. Radiometric, anthropometric, haematological, mathematical
and statistical.

Results. The dependence of *’Cs specific activity, physical growth index and their
associations on the age of children living in districts affected by the Chernobyl
nuclear power plant accident has been found.

Children from the age group of 2.0 — 5.11 years had the highest values of *’Cs
specific activity and RI compared to other groups, an inverse association between
age and RI was of moderate strength, and there was no association between '*’Cs
specific activity and RI values.

A moderate inverse association was found between '¥’Cs specific activity and RI
values in the group of children aged 12.0 — 18.0 years, and there was no link
between age and RI.

The age dynamics of *’Cs incorporation values is associated not so much with
specific aspects of physical growth in children as with the alimentary factor.
Children of younger age consume cow’s and goat’s milk produced in areas
contaminated with radionuclides in larger quantities compared with children of
older age.

An inverse association was observed between *’Cs specific activity values and
blood erythrocyte and haemoglobin concentrations in the children examined.
The results obtained show that there is a negative effect of incorporated '*’Cs
radionuclides on metabolic processes in the child’s body.

Keywords. Age of children, association, physical growth index, '*’Csradionuclides,
radiation-contaminated areas.
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ASSOCIATIONS BETWEEN "“'CS RADIONUCLIDES
INCORPORATED INTO THE HUMAN BODY AND BLOOD
PRESSURE IN CHILDREN LIVING IN DISTRICTS AFFECTED BY
THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

Yu.l. Bandazhevsky, N.F. Dubovaya

Living in the constant presence of the radiation factor in areas affected by the
Chernobyl nuclear power plant accident adversely impacts the health of the child
and adult population [1].

A large number of cases of abnormal autonomic regulation manifesting itself
both in an increase and a decrease in blood pressure were reported among chil-
dren from Gomel and Mogilev regions of the Republic of Belarus during the first
decade after the Chernobyl tragedy [2, 3].

However, the assessment of only absolute values of blood pressure when deter-
mining the effect of the radiation factor on the state of the cardiovascular system is
not informative. The identification of associations between '*’Cs specific activity
values and the main parameters of blood pressure in children within certain age
groups 1s of greater importance.

The purpose of this work was to assess associations between '*’Cs specific ac-
tivity and blood pressure values in children of separate age groups living in raions
affected by the Chernobyl nuclear power plant accident.

Material and methods. This study was conducted within a project of the Eu-
ropean Commission in Ukraine “Health and ecological programmes around the
Chernobyl Exclusion Zone: Development, training and coordination of health-re-
lated projects”, implemented in Ukraine in districts adjacent to the Chernobyl
nuclear power plant.

A total of 1474 children (742 boys and 732 girls) from Polessky and Ivan-
kovsky districts of Kiev region, located near the Chernobyl nuclear power plant
were examined. Bioethics rules were also followed and written parental consents
were received for each subject. According to data of dosimetry certification of set-
tlements, the territory of the districts has remained contaminated with radioactive
substances after the Chernobyl accident until the present day (having a '*’Cs soil
contamination density of 0.17 to 1.9 Cu/km?) [4].

The children were divided into two groups according to their age at the time of ex-
amination: younger — 6.0 -11.11 years (n=755), older — 12.0-18.0 years (n=719).

Blood pressure was measured using the Cord (X) plore blood pressure monitor
and ECG (Hungary).

37Cs specific activity in the children was measured using a SICH-AKP-3
three-detector spectrometer (OOO NPP ATOMKOMPLEKSPRIBOR, Ukraine)
during 10 minutes.

Before this, the children had their weight and height measured. Spectra were
processed automatically, specific activities of radioactive elements were calculat-
ed and the information obtained was saved with the help of the AKWin software.
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The statistical processing of the results obtained was performed using the IBM
SPSS Statistics 22 software (USA). The arithmetic mean (M), £+ standard error
of mean (m), confidence interval for the mean value (95 % CI), median (Me), in-
terquartile range (IR), minimum and maximum parameter values and percentiles
were calculated for the variables analysed.

Associations between '*’Cs specific activity and blood pressure values were
identified with the help of the Spearman’s rank correlation coefficient (rxy). The
strength of an association was assessed according to a typical scale: weak — 0 to
0.299; moderate — 0.3 to 0.699; strong — 0.7 to 1.0. The critical level of signifi-
cance for the null hypothesis (p) was set at 0.05.

Results and discussion. The mean age of the children was 8.6+0.06 years in
the younger group and 13.9+0.05 in the older group. '*’Cs specific activity levels
in the children varied from 1.1 to 199.0 Bq/kg. The absolute values of the vari-
ables determined are presented in Table 1.

Statistical characteristics of analysed age variables of children examinegable :
Younger group Older group
Variable (6.0-11.11 years) (12.0-18.0 years)
Me IR Me IR
137Cs specific activity, Bg/kg 2.47 2.14-2.67 1.68 1.54-1.96
SBP mm Hg 114.0 | 107.0-121.0 | 126.0 | 118.0-133.0
DBP mm Hg 69.0 62.0-75.0 70.0 63.0-77.0
PP mm Hg 45.0 38.0-52.0 55.0 47.0-64.0
HR heart beats per 1 minute 90.0 81.0-100.0 | 8I1.0 72.0-91.0

Note. SBP — systolic blood pressure; DBP — diastolic blood pressure; PP —
pulse pressure; HR — heart rate, the number of heart beats per 1 minute.

During the studies conducted, in the age groups of 6.0-11.11 and 12.0-18.0
years inverse associations were found between '*’Cs specific activity values in the
range 1.1 to 199.0 Bg/kg and peripheral blood pressure, more pronounced with
respect to systolic blood pressure values (Tables 2, 3).

A weak direct association was detected between '*’Cs specific activity and heart
rate values in the younger age group (Table 2).

On this basis, it can be concluded that an increase in *’Cs levels in the range of
1.1-199.0 Bg/kg in children is accompanied by a decrease in blood pressure and
an elevation in heart rate.

These findings are in line with results of examination conducted by students of
the Gomel State Medical Institute [5], as well as results of experimental studies
conducted by the IRSN staff on laboratory animals [6].
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Table 2

Results of correlation analysis between '*’Cs specific activity, blood pressure

and heart rate values of examined children aged 6.0-11.11 years from districts
affected by the Chernobyl nuclear power plant accident

Parameters
Parameter Corre.l ation SBP mm | DBP mm HR, heart
coefficient, r PP mm Hg | beats per 1
i Hg Hg .
minute
B7Cs Spearman’s -0.326** | -0.081* | -0.228** | (0.126**
specific p 0.0001 0.026 0.0001 0.001
activity, Bq/
ke N 755 755 755 755

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
1s significant at the 0.01 level (2-tailed).

At the same time, a high frequency of cases of borderline hypertension and
hypertension was reported in a group of children from affected districts in Gomel
region of the Republic of Belarus in the presence of pronounced incorporation of
1¥7Cs radionuclides into the body during the first ten years after the accident at the
Chernobyl nuclear power plant [5].

Table 3

Results of correlation analysis between '*’Cs specific activity, blood pressure

and heart rate values of examined children aged 12.0-18.0 years from districts
affected by the Chernobyl nuclear power plant accident

Parameters
Parameter COHe.latlon SBP mm | DBP mm HR, heart
coefficient, r PP mm Hg | beats per 1
il Hg Hg :
minute

7Cs Spearman’s -0.318** | -0.098** | -0.228** -.043
specific p 0.0001 0.008 0.0001 0.249
activity, Bq/
kg N 719 719 719 719

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
is significant at the 0.01 level (2-tailed).

The results obtained suggest that under the effect of *’Cs radionuclides incorpo-
rated into vital organs, including the brain, heart and endocrine organs [7], dysfunc-
tion of the autonomic nervous system connected to the endocrine system, including
the hypothalamic-pituitary-thyroid axis, occurs in children and young people.

Conclusions. 1. Inverse associations were detected between "“’Cs specific
activity, systolic and diastolic blood pressure values, as well as pulse pressure
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values in the groups of children aged 6.0-11.11 and 12.0-18.0 years from the
districts affected by the Chernobyl nuclear power plant accident with *’Cs levels
in the range of 1.1-199.0 Bg/kg.

2. A weak direct association was identified between *’Cs specific activity and
heart rate values in the children from the younger age group.

3. The findings suggest that there is an abnormal autonomic regulation in chil-
dren being under conditions of radiation risk associated with the '*’Cs incorpora-
tion into the body.
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CBSI3b HTHKOPIIOPUPOBAHHBIX B OPTAHU3M
PAIUOHYKJINJAOB *'CS C APTEPUAJIBHBIM JIABJIEHUEM
Y JETEHW, MTPOXUBAIOIINX B PAMOHAX, IOCTPAJIABIINX
OT ABAPUU HA YEPHOBBLIIBCKON ATOMHOMU
SJIEKTPOCTAHIIUU

banoasicesckun 1O.U., /[yoosas H.D.

[Ipu ompenenieHUN BIUSHUS PaJAAlIMOHHOTO (PaKkTOpa Ha COCTOSIHUE CEpCUHO-
COCYJUCTOM CHCTEMBI Yy jAeTeH, Ooibiloe 3HaUeHUE OyJeT MMETh ONpe/IesICHHE
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KOPPEJISIMOHHBIX CBSA3€H MEXIy IMOKa3aTeIsiMU YaesIbHOW akTUBHOCTH *'Cs n
OCHOBHBIMH MapaMETpPaMU apTEPUATbLHOTO JaBICHUS.

Heapr padoThl — OILICHKA KOPPEJSIHUOHHBIX CBA3EH MEXAY MOKa3aTelsiMU
yaeabHON akTUBHOCTH ’Cs M apTepHaabHOrO JaBICHHUS Y JCTEH OTIACIbHBIX
BO3pPACTHBIX TPYIII, MPOKHUBAIOIIUX B pailOHAX, MOCTPAJaBIIMX OT aBapUU HaA
YepHOOBLITBCKOM aTOMHOM AJIEKTPOCTAHIINH.

MeToanbl HCCJIeJOBAHHUS. PanuomeTrpurueckuid, AHTPOTIOMETPUUYECKUH,
MareMaTuKO-CTaTUCTUYECKUN

Pe3yabrarel. B rpynnax npereit B Bozpacre 6,0 — 11,11 u 12,0 — 18,0 ner u3
palioHOB, MOCTPaJaBIIMX B pe3yjibrare aBapuu Ha YepHOOBLIHLCKOM aTOMHOMN
3IIEKTPOCTAHIINH, C COACPKAHNEM B OpraHU3Me paAHoHYKINI0B *'Cs B Jrana3oHe
1,1 — 199,0 Bx/kr, perucTpupyroTcsi 00paTHble KOPPEISAIUOHHBIC CBI3H MEXKIY
3HAUCHUSIMH Y/ICJIbHOW aKTUBHOCTH '*’CS M CHCTOJIMYECKOTO, JTHACTOINYCCKOTO
apTepUAILHOTO JIABJICHUS, a TAK)KE MOKa3aTesIMU ITYJIbCOBOTO JaBJICHUS.

Y meren Muaamied BO3PACTHOM TPYIIIBI MEXAY 3HAYCHUSIMU YACIbHOMU
akTUBHOCTH "*’Cs M 4acTOTOM CEepACYHBIX COKpAICHUH ONpenesiach mpsMas
KOPPEJISIIIMOHHAS CBSI3b CIIA00M CUJTBI.

[TonyueHHble pE3yJbTaTbl CBUACTEIBCTBYIOT O HApPYUIEHWH BEre€TaTUBHOM
peryisiuu y JieTed, npeObIBaloONMX B YCIOBUAX PaJUAllMOHHOTO PHCKA,
CBSI3aHHOTO C MHKOPIOpalueil paanoHykinaoB *’Cs B opranusm

KarueBbie cioBa. Bo3pacTHble Tpynmbl J€Te€, KOPPEISIUUOHHAS CBS3b,
pannonyKiubl *'Cs, CHCTOTMYECKOE M IMACTOITMYCCKOE apTePHATIbHOE IaBJICHHUE,
PaaOaKTUBHO 3arpsi3HEHHASI TEPPUTOPHUSI.

ASSOCIATIONS BETWEEN *’CS RADIONUCLIDES
INCORPORATED INTO THE HUMAN BODY AND BLOOD
PRESSURE IN CHILDREN LIVING IN DISTRICTS AFFECTED BY
THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

Bandazhevsky Yu.l., Dubovaya N.F.

The identification of associations between '*’Cs specific activity values and the
main parameters of blood pressure will be of great importance when determining
the effect of the radiation factor on the state of the cardiovascular system.

The purpose of this work was to assess associations between '*’Cs specific
activity and blood pressure values in children of separate age groups living in
districts affected by the Chernobyl nuclear power plant accident.

Research methods. Radiometric, anthropometric, mathematical and statistical.
Results. Inverse associations were detected between '*’Cs specific activity, systolic
and diastolic blood pressure values, as well as pulse pressure values in the groups
of children aged 6.0 — 11.11 and 12.0 — 18.0 years from districts affected by the
Chernobyl nuclear power plant accident with '*’Cs levels in the range of 1.1 —
199.0 Bg/kg.
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A weak direct association was identified between '*’Cs specific activity and heart
rate values in the children from the younger age group.

The results obtained suggest that there is an abnormal autonomic regulation
in children being under conditions of radiation risk associated with the *’Cs
incorporation into the body.

Keywords. Age groups of children, association, *’Cs radionuclides, systolic and
diastolic blood pressure, radiation-contaminated area.
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B7CS CONCENTRATIONS AND ACTIVITY OF SERUM
TRANSAMINASES IN CHILDREN FROM POLESSKY AND
IVANKOVSKY DISTRICTS, KIEV REGION, UKRAINE, 30 YEARS
AFTER THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

Bandazhevsky Yu.l., Dubovaya N.F.

The population residing in areas affected by the Chernobyl nuclear power plant
accident has been living under conditions of constant radiation risk for the past 30
years [1, 2].

In this regard, it is important to determine the effect of radioactive substances
incorporated into the human body on the state of vital organs and systems.

The activity of serum transaminases — aspartate aminotransferase (AST) and
alanine aminotransferase (ALT), can serve as a marker of cell damage [3, 4].

The purpose of this study was to identify associations between the activity of
serum transaminases and '*’Cs concentrations in the bodies of children living in
districts affected by the Chernobyl nuclear power plant accident.

Material and methods. During a project of the European Commission in
Ukraine “Health and ecological programmes around the Chernobyl Exclusion
Zone: Development, training and coordination of health-related projects”, 1320
children (666 boys and 654 girls) living in Polessky and Ivankovsky districts
of Kiev region located near the Chernobyl nuclear power plant were studied.
According to data of dosimetry certification of settlements, the territory of the
raions has remained contaminated with radioactive substances after the Chernobyl
accident until the present day (having the *’Cs soil contamination density of 0.17
up to 1.9 Cu/km?) [5].

Written parental consent was received for each child under study.

The children were divided into three groups according to their age at the time
of examination: younger — 2.0-5.11 years (n = 91), middle — 6.0 -11.11 years
(n =580), older — 12.0-18.0 years (n = 649).

37Cs specific activity in the children was measured using a SICH-AKP-3 three-
detector spectrometer (OOO NPP ATOMKOMPLEKSPRIBOR, Ukraine) during
10 minutes. Spectra were processed automatically, specific activities of radioactive
elements were calculated and the information obtained was saved with the help of
the AKWin software.

All the examined children considered to be healthy had blood drawn from the
ulnar vein after fasting in the morning of the day of examination.

Serum AST and ALT activity levels were measured on the X1.640 with ISE&PC
spectrophotometer (Germany). The reference values for serum AST were 5.0-34.0
U/L, and for serum ALT — 4.0-36.0 U/L.

During the studies, we carried out a comparative assessment of values of ¥’Cs
specific activity, AST, ALT and AST/ALT ratio (De Ritis ratio) — the quotient of
AST and ALT, for each child from different age groups, and associations between
37Cs specific activity and AST, ALT and AST/ALT ratio values.
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The statistical processing of the results obtained was performed using the IBM
SPSS Statistics 22 software (USA). The arithmetic mean (M), £+ standard error
of mean (m), confidence interval for the mean value (95 % CI), median (Me), in-
terquartile range (IR), minimum and maximum parameter values and percentiles
were calculated for the variables analysed. The distribution hypothesis was tested
(a Kolmogorov-Smirnov test). All the parameters under study did not conform
to the normal distribution law, thus, a non-parametric Mann-Whitney U test was
used to compare values. The statistical significance of variables was assessed by
determining a significance level for p with the help of the statistical software pro-
gramme.

The Student’s t-test was used to compare relative values. The critical level of
significance for the null hypothesis (p) was set at 0.05. Associations between *’Cs
specific activity and transaminase activity values in the age groups of children
were identified with the help of the Spearman’s rank correlation coefficient (rxy).
The strength of an association was assessed according to a typical scale: weak —
0 to 0.299; moderate — 0.3 to 0.699; strong — 0.7 to 1.0.

Results and discussion. The analysis carried out showed that the proportion of
cases when enzyme activity exceeded the reference values was 37.5 % for serum
AST and 1.2 % for serum ALT in the total group of children examined (Table 1).

A dependence of the proportion of cases of increased serum AST activity on the
age of children was reported. The proportion of cases of AST activity above 34.0
U/L was higher in the children from the younger group compared with those from
the older group (Tables 1, 2).

The proportion of cases of serum ALT activity above 36.0 U/L had no statisti-
cally significant differences in separate age groups.

No cases of AST activity below 5.0 U/L were reported. A decrease in ALT
activity below 4.0 U/L was found in 4 cases (0.3 % of the number of children
examined).

Table 1
Proportion of cases of transaminase activity and AST/ALT ratio values above
reference ranges in groups of children examined

AST>34.0 UL —
Number| AST>34.0 U/L ALT >36.0 U/L AST/ALT > 2.0
Groups of
children| Abs. o Abs. o, Abs. o
number number number
Younger | 91 48 52.845.2 3 330£1.9 | 43 | 47.25£5.2

Middle 580 271 46.7+2.1 6 1.03+0.4 | 181 |31.21£1.9

Older 649 176 | 27.1£1.8 7 1.08+0.4 | 123 | 18.95£1.5

Total 1320 495 | 37.5+1.3 16 | 1.21+0.3| 347 |26.29£1.2
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Table 2
Results of statistically significant differences in groups of children
) T-test value, T-test value,
Comparison . .
Parameter | significance Parameter significance
groups
level, p level, p
1 AST>34.0, t=1.09; |AST>34.0U/L— t=2.88;
2 U/L p=0.277545 | AST/ALT>2.0 | p=0.004381
1 AST>34.0 t=4.67, |AST>34.0U/L— t=15.19;
3 U/L p=0.0001 AST/ALT > 2.0 p=0.0001
2 AST>34.0, t=7.09; |AST>34.0U/L— t=4.98;
3 U/L p=0.0001 AST/ALT > 2.0 p=0.0001

Note. Group 1 — younger group; 2 — middle group; 3 — older group.

ALT is a cytosolic enzyme, which is present mainly in the cytoplasm of liver
cells [6]. Most of AST resides in the mitochondria of cells with a high level of
energy metabolism, in particular, in cardiomyocytes and hepatocytes [3]. The
activity of serum AST is normally low [7]. However, if cells are damaged and
there is an oxidative stress, cell necrosis and mitochondrial decay occur resulting
in AST being released into the blood. In view of this, the serum AST activity can
serve as a marker of severe damage to high-energy cells [4]. Taking into account
that most of adults and children have a large variability in serum AST and ALT
activity levels, the AST/ALT ratio is used to assess the degree of cell damage. It
can be used when carrying out a comparative analysis of cell damage in children
of different age groups.

This ratio is a simple, fast and quite reliable predictor of outcomes in the presence
of both liver [8, 9] and heart diseases [10]. However, if there is an increase in AST
activity only, with no elevation in ALT activity, the AST/ALT ratio indicates that
there is an extrahepatic source of AST.

Serum ALT and AST can be used as independent predictors of coronary heart
disease [11].

In this study, the AST/ALT ratio exceeded 2.0 (the upper physiological limit for
children) in 26.29 % of cases of the number of children whose AST levels were
above 34.0 U/L (Table 1). In addition, the age dependence was established for this
variable (Tables 1, 2).

Thus, it can be assumed that there is damage to high-energy cells in a significant
number of children of the group under study. At the same time, the proportion of
cases of such abnormalities is higher in the children of the younger group than in
those of the older group.

37Cs specific activity and serum AST activity values were also higher in the
children of the younger group than in those from the middle and older groups,
and were higher in the children of the middle group than in the children of the
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older group (Tables 3-5). A similar dependence also refers to the AST/ALT ratio
calculated for all the children examined, regardless of AST activity (Tables 3, 6).

Table 3
Statistical characteristics of analysed variables of children examined
Younger group Middle group Older group
Parameters (n=91) (n=580) (n=649)
Me IR Me IR Me IR
37Cs specific
activity, Bq/kg 3.0 2.8-3.2 | 25 | 2.1-2.7 1.7 1.5-2.0
AST, U/L 345 | 31.4-39.3 | 33.3 | 28.1-39.4 | 28.5 | 22.3-34.5
ALT, U/L 12.8 | 10.4-16.1 | 153 | 12.2-18.8 | 14.2 | 11.3-17.2
AST/ALT 2.7 22-32 | 23 1.9-2.7 | 2.0 1.7-2.4
Table 4

Results of statistically significant differences in '*’Cs specific activity between
groups of children

: : Mann—Whitney U test
Comparison| Comparison | Average .
Parameter aroups aroup size rank value, significance
level, p
B1Cs 1 91 540.7
specific U=7762.5;
activity, Bq/ 2 580 303.9 p=0.0001
kg
P1Cs 1 91 600.6
specific U =8593.5;
activity, Bq/ 3 649 3382 p=0.0001
kg
B7Cs 2 580 816.3
specific U =71467.5;
activity, Bq/ 3 649 4354.1 p =0.0001
kg

Note. Group 1 — younger group; 2 — middle group; 3 — older group.

Direct associations were found between '¥’Cs specific activity and AST activity
values, and between '*’Cs specific activity and AST/ALT ratio values in the total
group of children. There was no association between '*’Cs specific activity and
ALT activity (Table 7).

The strength of the above associations was more pronounced in the younger
group of children compared with the total group, as well as with the middle and
older groups (Tables 7-9).
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Table 5
Results of statistically significant differences in AST activity values between
groups of children

: : Mann—Whitney U test
Comparison| Comparison | Average .
Parameter OUDS OUD Size rank value, significance
sroup sroup level, p

1 91 377.5 U =22611.0;

2 580 329.5 p=0.028
AST, U/L ! 9l 528.9 U=15111.5;

3 649 348.3 p =0.0001

2 580 717.9 U = 128552.5;

3 649 523.1 p=10.0001

Note. Group 1 — younger group; 2 — middle group; 3 — older group.

Table 6
Results of statistically significant differences in AST/ALT ratio values between
groups of children

: : Mann—Whitney U test
Comparison| Comparison | Average .
Parameters FOUDS OUD Size rank value, significance
sroup sroup level, p

1 91 450.6 U =15960.5;

2 580 318.0 p =0.0001
AST/ALT 1 91 543.6 U =13782.0;

3 649 346.2 p=0.0001

2 580 672.0 U =155166.5;

3 649 564.1 p=0.0001

Note. Group 1 — younger group; 2 — middle group; 3 — older group.

The findings indicate that there is damage to high-energy cells in a significant
number (26.29 %) of children living in the raions in Ukraine affected by the
Chernobyl nuclear power plant accident. At the same time, there is a dependence
of these abnormalities on the age of children. The frequency of manifestations and
the enzyme activity values are higher in the children of the younger group than in
the older groups.

A dependence of *’Cs specific activity on the age of children was reported in
the group of children under study. The activity level is higher in the children of the
younger group than in the older children.

A direct association was observed between *’Cs specific activity and AST
activity values both in the total and in separate age groups of children.
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Table 7

Results of analysis of associations between values of 1*’Cs specific activity (Bq/kg)
and activity of serum transaminases in examined children of the total group (n=1320)

) ) Parameters
Parameters | Correlation coefficient [—
Cs AST ALT | AST/ALT
Spearman’s 1.000 |{0.295**| -0.027 | 0.285**
B7Cs Sign. (2-tailed), p . 0.0001 0.328 0.0001
N 1320 1320 1320 1320
Spearman’s 0.295** 1 1.000 | 0.412** | 0.366**
AST, U/L Sign. (2-tailed), p 0.0001 : 0.0001 0.0001
N 1320 1320 1320 1320
Spearman’s -0.027 | 0.412*%* | 1.000 -0.606**
ALT, U/L Sign. (2-tailed), p 0.328 | 0.0001 : 0.0001
N 1320 132 1320 1320
Spearman’s 0.285** 1 0.366** | -0.606** 1.000
AST/ALT Sign. (2-tailed), p 0.0001 | 0.0001 | 0.0001 .
N 1320 1320 1320 1320

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
is significant at the 0.01 level (2-tailed).

Table 8

Results of analysis of associations between *’Cs specific activity and AST

activity values in age groups

Parameters
Groups of children | Correlation coefficient | 137 i
’ acti(\jlsit;f)flgcclli/il:g AST, UL
Spearman’s 0.306**
Younger group Sign. (2-tailed), p 0.003
N 91
Spearman’s 0.101*
Middle group Sign. (2-tailed), p 0.015
N 580
Spearman’s 0.207**
Older group Sign. (2-tailed), p 0.0001
N 649

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
is significant at the 0.01 level (2-tailed).
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Table 9
Results of analysis of associations between '*’Cs specific activity and AST/ALT
ratio values in age groups

Groups of . . Parameters
children Correlation coefficient 137C§ specific AST/ALT
activity, Bq/kg
Spearman’s (0.334%*
Younger group Sign. (2-tailed), p 0.001
N 91
Spearman’s 0.297**
Middle group Sign. (2-tailed), p 0.0001
N 580
Spearman’s 0.187**
Older group Sign. (2-tailed), p 0.0001
N 649

Note. * — Correlation is significant at the 0.05 level (2-tailed). ** — Correlation
is significant at the 0.01 level (2-tailed).

A similar association can be seen between '*’Cs specific activity and AST/ALT
ratio values. There was no association between '*’Cs specific activity and ALT
activity values.

The findings show that there is damage to mitochondria of heart cells with AST
being released into the blood under the effect of incorporated *’Cs radionuclides
in the children living in the raions affected by the Chernobyl nuclear power plant
accident.

This conclusion is confirmed by results of experimental studies with *’Cs
incorporation into the bodies of laboratory animals [12], as well as results of
radiometric studies of internal organs of inhabitants of Gomel region performed
during autopsies in 1996—-1998 [13].

Since the 60s of the last century [14], 1*’Cs radionuclides have been constantly
entering the body of children living in areas where soil contains radioactive sub-
stances. As a result, mitochondrial structures of highly specialised cells are dam-
aged, causing the death of the latter. In the absence of a possibility of the complete
repair of cells of a damaged organ, there is a basis for the development of severe
pathological processes. It is not always possible to identify them without the use
of special research methods in childhood and adolescence.

In more mature age, diseases that cause death and disability may develop.
These are, in particular, various cardiac arrhythmias, cerebrovascular disturbanc-
es, impaired myocardial and internal organ circulation, abnormal nervous and
endocrine regulation.
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Conclusions. 1. The proportion of cases when enzyme activity exceeded the
reference values was 37.5 % for serum AST and 1.2 % for serum ALT.

2. The AST/ALT ratio values above 2.0 (the upper physiological limit for
children) were detected in 26.29 % of cases in the group of children whose AST
levels were above 34.0 U/L.

3. The relative and absolute values of serum AST activity, as well as AST/ALT
ratio are higher in the children from the younger group than in those from the
older groups.

4. 7Cs activity levels are higher in the bodies of children from the younger
group than in those from the older groups.

5. Direct associations were identified between *’Cs specific activity and AST
activity values, and between '*’Cs specific activity and AST/ALT ratio values. The
strength of the above associations was more pronounced in the younger group of
children compared with the total group, as well as with the middle and older groups.
There was no association between *’Cs specific activity and ALT activity values.

6. Relatively small amounts of incorporated '*’Cs radionuclides cause damage
to mitochondria of heart cells, with AST being released into the blood, in the
children living in raions affected by the Chernobyl nuclear power plant accident.
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COJIEP KAHUE PAIUOHYKJINJIOB *'CS U AKTUBHOCTD
TPAHCAMMHA3 CBIBOPOTKHU KPOBHU YV JETEN
NBAHKOBCKOI'O M1 MOJECCKOI'O PAMOHOB KUEBCKOM
OBJIACTU YKPAUHBI CIHYCTH 30 JIET ITIOCJIE ABAPUU HA
YEPHOBBIJIBCKOM ATOMHOM DJIEKTPOCTAHIINU

banoasicesckun 1O.U., /[yoosas H.D.

Ha teppuropumn, nocrpagasuieii or aBapun Ha YepHOOBLILCKOM aTOMHOMW 3JIEK-
TPOCTAHLMH, BAXKHO OINPENEIUTh CBA3b MEXK]y MHKOPIIOPUPOBAHHBIMU B Opra-
HU3M PaJMOAKTUBHBIMU 3JIEMEHTAMH U COCTOSIHUEM KU3HEHHO Ba)KHBIX CUCTEM
OpraHu3Ma 4eJloBeKa.

NHIUKaTOpOM KIIETOYHOTO MOBPEXKIACHUS MOXKET CIYKUTh aKTUBHOCTH TpaHCa-
muHa3: ACT u AJIT B CBIBOPOTKE KPOBH.

Heabio uccjieq0BaHus SBUIOCH ONPEAEIEHNE CBSI3U MEXAY aKTUBHOCTBIO ChI-
BOPOTOUYHBIX TPAaHCAMHHA3 M COJICP)KaHUEM PaJUOHYKINIOB *'Cs B opraHu3me
JIETeH, MPOKUBAIOIINX B pallOHaX, TOCTPAIaBIIUX OT aBapuu Ha YepHOOBLUTHCKOM
ATOMHOM DJIEKTPOCTAHLINH.

MeTtoambl ucciaenoBanusi. Pagnomerpudeckuii, crnekTpohoTOMETPUICCKUM, Ma-
TEMaTUKO-CTaTUCTUYECKUM.
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Pe3yabTarhl. YienbHbIN BEC CIIy4aeB, KOT/Ia aKTUBHOCTh (pEpMEHTA MpeBbIlIaia
pedepenTHbie 3HaueHus, A ceiBopotouHoit ACT cocrasun 37,5 %, nist chIBO-
porounoit AJIT — 1,2 %.

[IpeBbiienne 3Hayenue ko puunenrta ae Puruca snauenuit 2,0 (Bepxuss pusu-
oJIOTUYECKas TpaHuIa IS JIETei) B rpyIne AeTe, y koropoi ypoBeHb ACT Obut
Boiie 34,0 U/n, peructpuponaioch B 26,29 % cinydaes.

VY nereil mnanuieil rpynnbsl OTHOCUTENbHBIE M A0COIOTHBIE MTOKA3aTENIN aKTUB-
HocTH cbiBopoTouHOl ACT, a Takxke xosdduimenta ne Putuca Gomblie, yeM y
JeTel CTApIIUX TPyIIIax.

VYpoBeHb aktuBHOCTH *’Cs B OpraHusMe JIeTei MIIaJIIei rPpyIIbl BBIIIIE, YeEM B
OpraHu3Me JeTel CTAPIINX IPYyIIIL.

Mexay nokaszarenssMu yaenbHo# aktuBHoCcTH ’Cs u aktuBHOCTH ACT, ynens-
HOM akTHBHOCTH "*’Cs M 3HaYeHUsIMH Kod(pduumeHta e Putuca, onpenensach
npsiMast KOppessiLMOHHbIE CBs3b. Crila yKa3aHHOH CBSI3U B MJIAJIIIEH BO3PACTHOM
rpynne jereil Obuta 0ojiee BBIPAXKEHHOW, MO CPABHEHUIO C OOIIEW Tpymnmou, a
TaK)Xe CO CPEHEHN U cTapllell BO3PACTHBIMU IPYIIITAMH.

Mexay nmokazatensmu yaenbHol aktuBHOCTH *’Cs u aktuBHOCTH AJIT Koppens-
LIMOHHAs CBS3b OTCYTCTBOBAJIA.

VY nereil, npoKMBaKOLIUX B pailoHax, NOCTPaAaBIINX OT aBapuu Ha UepHOObLIb-
CKOM aTOMHOM JIEKTPOCTAHIMM, OTHOCUTEIBHO HEOONbIINE KOJINYECTBA NHKOP-
HOPUPOBAHHBIX PATHOHYKIHIOB *’Cs, BBI3BIBAIOT MOBPESKICHUE MUTOXOHAPUI
KJIETOK CepAa, ¢ BbIxoaoM B KpoBb ACT.

Kawuesblie cioBa. KoppemnsunonHas cBsizb, paanonykiauasl 'Cs, ACT, AJIT,
ko3 unuent ae Putuca, paguoakTUBHO 3arps3HEHHAs TEPPUTOPUSI.

B7CS CONCENTRATIONS AND ACTIVITY OF SERUM
TRANSAMINASES IN CHILDREN FROM POLESSKY AND
IVANKOVSKY DISTRICTS, KIEV REGION, UKRAINE, 30 YEARS
AFTER THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

Yu.l. Bandazhevsky, N.F.Dubovaya

It is important to determine a relationship between the radioactive substances
incorporated into the body and the state of vital systems of the human body in
areas affected by the Chernobyl nuclear power plant accident.

The activity of serum transaminases — AST and ALT, can serve as a marker of
cell damage.

The purpose of this study was to identify associations between the activity of
serum transaminases and '*’Cs concentrations in the bodies of children living in
districts affected by the Chernobyl nuclear power plant accident.

Research methods. Radiometric, spectrophotometric, mathematical and statistical.
Results. The proportion of cases when enzyme activity exceeded the reference
values was 37.5% for serum AST and 1.2% for serum ALT.
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The AST/ALT ratio values above 2.0 (the upper physiological limit for children)
were detected in 26.29 % of cases in the group of children whose AST levels were
above 34.0 U/L.

The relative and absolute values of serum AST activity, as well as AST/ALT ratio
are higher in children from the younger group than in those from the older groups.
37Cs activity levels are higher in the bodies of children from the younger group
than in those from the older groups.

Direct associations were identified between *’Cs specific activity and AST activity
values, and between '*’Cs specific activity and AST/ALT ratio values. The strength
of the above associations was more pronounced in the younger group of children
compared with the total group, as well as with the middle and older groups.
There was no association between '*’Cs specific activity and ALT activity values.
Relatively small amounts of incorporated *’Cs radionuclides cause damage to
mitochondria of heart cells, with AST being released into the blood, in children
living in districts affected by the Chernobyl nuclear power plant accident.
Keywords. Children, association, '*’Cs radionuclides, AST, ALT, AST/ALT ratio,
radiation-contaminated areas.
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THE RISK OF CARDIOVASCULAR DISEASES IN THE
POPULATION LIVING IN THE TERRITORIES AFFECTED BY
THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

Bandazhevsky Yu.l.

The problem of cardiovascular diseases is one of the most significant in the
health care system. A huge number of people around the world die annually due
to heart and vascular diseases. Moreover, the highest mortality rates have been
reported in areas contaminated with radioactive elements due to the Chernobyl
nuclear power plant accident, including among men of working age [1, 2, 3].

The world community first faced radiation exposure 70 years ago. Since then,
representatives of the nuclear power industry have done and continue to do
everything in their power to hide the negative effect on humans of radioactive
elements that have polluted the biosphere of the entire earth as a result of nuclear
weapons testing and technogenic catastrophes. This, in particular, is confirmed by
the following facts. The research monograph by A.N. Marey, R.M. Barkhudarov,
N.Ya. Novikova “Global Cs-137 fallout and the human” published by the
Atomizdat Moscow Publishing House in 1974 presents a map of contamination
with radioactive caesium of the territory of the Belarusian and Ukrainian Polesie in
the 60s of the 20th century long before the Chernobyl nuclear power plant accident
occurred in 1986 [4]. However, this book currently does not exist officially in the
Russian Federation. After the accident at the Chernobyl nuclear power plant, it
disappeared from many libraries in the USSR. We managed to find it only in one
small library in Gomel region of the Republic of Belarus.

After the Chernobyl accident, the degree of radioactive contamination of the
territories of Ukraine, the Republic of Belarus and the Russian Federation was
very high [5-8]. At the same time, this did not stop the leadership of the USSR
from using the meat of farm animals containing huge amounts of radioactive
elements (in particular, 1.1x107-1.0x10° Cu/kg) for the production of sausage
products, canned and partially prepared meat food items mixing it in a ratio of
one to ten with the “normal” meat (From the text of the message delivered by the
Chairman of the Agro-Industrial Committee of the USSR V.S. Murakhovskiy to
the Politburo of the CPSU Central Committee).

Radioactive elements with food, water, and as part of air masses have spread,
and continue to spread over great distances from the epicenter of the accident.

Thus, the entire life of many generations of people in the countries of the former
USSR, and not only, has dealt, is dealing, and will deal with radioactive agents.

The tragedy of the current situation lies also in the fact that the physiological
effects in humans and animals that have been discovered in the last half century
are difficult to separate from the radiation component, since radioactive elements
are present everywhere. It is improper to try to present this phenomenon as some
natural background radiation, since a number of radionuclides, including '*’Cs, do
not occur naturally.
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After the Chernobyl nuclear power plant accident in 1986, the secret information
about radiation was partially exposed. Due to the lack of medical personnel in the
affected areas of Gomel and Mogilev regions, in 1990 it was decided to establish the
Gomel State Medical Institute. And already in 1992, the Institute-based research
studies began to establish an effect of the radiation factor due to the Chernobyl
accident on vital systems of the human body, including the cardiovascular system
in children living in Gomel and Gomel region, which according to official data
is the territory with the highest contamination with radioactive elements [5-8]),
as well as in other cities of the Republic of Belarus, in particular, in Grodno).
Electrocardiography was chosen as a diagnostic test for the cardiac activity. All
the children had their radioactive caesium levels measured. A non-selective study
showed that 1*’Cs concentrations in the children subjected to monitoring were tens
and hundreds of Bq per kilogram of body mass.

In addition, metabolic variables were also measured in the children. At the
same time, a series of experimental studies was conducted using a natural model
of incorporation of radioactive elements as part of food products into the body of
laboratory animals [9-12]. A very important component of the studies, which later
received wide international public response was the determination of radioactive
elements in the organs of deceased children and adults that had lived in areas
affected by the accident at the Chernobyl nuclear power plant [11, 12, 13]. As a
result of the studies conducted, a conclusion was made about the negative effect of
radionuclides incorporated into the body on the state of vital systems, including the
cardiovascular system of the developing body. A relationship between incorporated
¥7Cs levels and frequency of electrocardiographic changes in children was also
established. Pathomorphological studies of autopsy material of adults, children
and experimental animals confirmed the relationship between incorporated '¥’Cs
and cardiovascular morpho-functional changes [9-14].

The greatest irritation among defenders of nuclear energy is created by the fact
that these pathological effects are caused by relatively small, from their point of
view, doses of radioactive exposure. The studies on the medical consequences of
the Chernobyl nuclear power plant accident that had been conducted at the Gomel
Medical Institute since 1990, were unexpectedly discontinued in July 1999.

And only many years later, in 2013-2017, it was possible to launch, thanks
to the help of like-minded people from Europe, a large social project of the
European Commission in Ukraine “Health and ecological programmes around the
Chernobyl Exclusion Zone: Development, training and coordination of health-
related projects”, within which new studies were performed.

During the project, we were able to improve a system of the regular medical
check-up of children from Ivankovsky and Polessky raions of Kiev region directly
adjacent to the Chernobyl nuclear power plant which allowed us to identify the
initial stages of pathological processes in vital organs and systems in the children.
At the same time, abnormalities detected during the monitoring were analysed in
the context of the structural and functional integrity of the body.
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The state of the cardiovascular system in the children was assessed with the
help of modern diagnostic systems, that enabled us to determine accurately the
heart rate, blood pressure level and electrocardiographic changes.

With the help of modern radiometric equipment, it was possible to establish a
relationship between relatively small quantities of radionuclides and changes in
the vital organs in the children examined, including the cardiovascular system
[15].

In order to identify the pathogenetic mechanisms of the abnormalities found,
we carried out genetic analyses of folate metabolism, one of the main metabolic
cycles in the human body, and measured blood levels of homocysteine, a product
of the essential amino acid methionine [15-26].

Takinginto accountthe informationreceived, it was concluded that the population
living in areas contaminated with radioactive agents due to the Chernobyl nuclear
power plant accident, was at high risk of developing cardiovascular diseases.
In addition, the nature of these pathological processes may be different: it may
either belong to stochastic effects or refer to deterministic states. We were able
to show that pathological processes in the cardiovascular system, as in other
vital organs and systems, began in childhood and were closely associated with
metabolic abnormalities which occurred under the effect of radioactive elements
incorporated into the body [27-30]. Thus, on the basis of results of long-term
studies (1992-2018) we can draw a conclusion that under long-term chronic
exposure radiocaesium causes cardiac effects.

The results obtained by us are inconsistent with the conclusion made participants
of a cross-sectional population-based study conducted by an international group
of researchers from France (IRSN, Department of Cardiology Bichat Hospital,
Paris) and the Russian Federation (Department of Cardiology, Bryansk Diagnostic
Center) in Bryansk region, Russian Federation in 2009-2013 [31].

According to a text of the officially published article, on the basis of an as-
sessment of results of examination of 17697 children aged 2.0-18.0 years these
researchers did not observe an association between cardiac arrhythmia and '*’Cs
deposition levels in Bryansk region, Russian Federation, exposed to Chernobyl
fallout. The suspected increase of cardiac arrhythmia in children exposed to Cher-
nobyl fallout is not confirmed [31]. In this regard, on July 11, 2018, the Le Monde
newspaper published an article «Les maladies cardiaques et Tchernobyl», where
the main points and conclusions of the study were explained to the French read-
ers. The conclusion of the article sounds categorically — “The study conducted
allows to make a strong conclusion. Current contamination does not cause cardiac
arrhythmias. And the previous opposite statements (I think it also refers to works
by Yury Bandazhevsky and Galina Bandazhevskaya, as they were mentioned in
the article — author’s note) were done on the basis of poorly performed obser-
vations. Thus, the main direct consequences of radioactive contamination due to
the accident for children (under 18.0) remain almost 7000 cases of thyroid cancer
observed in the late 1980s and early 1990s”.
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Due to this conclusion, I had to review the article published by the team mem-
bers from IRSN and Bryansk Diagnostic Center [31].

A methodological part is the main part of a scientific study. In this regard, a
number of principal aspects should be noted:

’/, of the children examined were urban children, so a selective study was con-
ducted in Bryansk region, since children from rural areas who were in direct con-
tact with radionuclides were not included in this study. This is understandable
because it is much easier to organise the examination of urban children than to
go to small localities. However, it is necessary to take into account that urban and
rural residents have different socio-economic living conditions.

Currently, urban children in present conditions are less exposed to radiation
even if they live in radiation-contaminated areas, since they have much more
opportunities to consume “clean” food in terms of radiation compared to rural
children. Due to poverty, rural children are constantly forced to consume locally
produced food — cow’s and goat’s milk, vegetables grown on soils contaminated
with radionuclides, meat of wild animals, fish from local water bodies, forest ber-
ries and mushrooms [15].

Due to the fact that forest trees are used for heating houses and cooking in rural
areas, rural children have to constantly breathe air containing wood combustion
products, including radioactive elements.

Therefore, high radionuclide levels in rural children are stable and consistent.
A cross-sectional radiometric study among rural children will reflect more ob-
jectively the radiation expansion than among urban children, whose radionuclide
levels can vary greatly depending on what food products are consumed. There-
fore, even the selection of contaminated and control raions on the basis of *’Cs
soil deposition makes no sense.

Thus, the principal methodological mistake in the organisation of this study is
a cross-sectional examination of mainly urban rather than rural child population.

As a counter-argument, I can say that within the project of the European Com-
mission we focused on results of examinations of rural children, since they are
exposed to more radiation through consuming locally produced food and really
reflect the effects of radiation exposure 30 years after the Chernobyl nuclear pow-
er plant accident.

If we compare the work under analysis with the studies conducted at the Gomel
Medical Institute in 1992-1997, one can note the following.

When conducting a study aimed at identifying effects of a particular environ-
mental factor on a particular system, in this case, the cardiovascular system, it is
necessary to carefully select the groups to be examined. In particular, a compar-
ative analysis should be made between children of the same age both within a
group and between groups, who constantly and for a long time (most of time of a
day) are in the similar conditions and receive the same type of meals. Currently,
this is difficult to implement in the post-Soviet space. We managed to conduct our
studies in the Republic of Belarus in 1992-1993, when a similar system of social
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life existed, in particular, pre-school and school institutions. The population also
lived in quite the same socio-economic conditions.

For our studies, we chose pre-school institutions which were similar in terms
of the number of children, buildings and diets in Gomel region and Grodno. The
children aged 3.0-7.0 years, whom we examined were considered to be healthy
and attended pre-school institutions. They had no bad habits, did not smoke, did
not drink alcohol or use drugs, which is very important when conducting studies
on the relationship between radiation exposure and the state of the cardiovascular
system. Due to the socio-economic conditions existing at that time (total poverty
of the post-Soviet period), during the day, children were given similar diets estab-
lished by the state, and food products with the same *’Cs and *°Sr contamination
levels according to the republican acceptable limits. Thus, we examined officially
healthy children who were constantly in the same conditions of living and feeding
and marked radiation exposure.

The authors of the study under review used for the determination of the rela-
tionship between the radiation factor and arrhythmias urban children of different
ages, from families with different socio-economic opportunities, and these factors
have a different impact on the state of the cardiovascular system. It is impossible
to identify the true cause of cardiovascular conditions in this situation. A child
may live in excellent conditions and not be exposed to radiation, but before a
study he may eat foods containing radionuclides. As a result, an ECG examination
will not identify any abnormalities, while a radiological examination will detect
radioactive elements in the body.

It 1s very doubtful to conclude that with such a high level of drug addiction in
Russia, the children aged 12.0-18.0 years from the group examined have never
smoked or used drugs. A questionnaire survey of children in most cases will not
provide objective information.

The next problem is that the study conducted detected '*’Cs radionuclides in
several percents of cases of the total number of children examined. '*’Cs radionu-
clides were not detected in 78.6 % of children from contaminated territories and
86.3 % of children from control territories.

Thus, the children in whom !*’Cs radionuclides were detected comprise a small
proportion of children examined.

The reason for this may lie in the fact that mainly urban children were exam-
ined. This is partly because the detection limit for children in this study was de-
termined to be 1200 Bq per body. It was established that concentrations below the
limit were not recorded. The authors ignored the detection of smaller quantities of
radionuclides in the body of children and their relationship with abnormal metab-
olism and the state of the cardiovascular system. The studies that we conducted
in 2013-2017, as part of the project of the European Commission found that there
were associations between relatively small concentrations of radionuclides and a
number of physiological variables [15].
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All the children were united in groups according to the level of *’Cs specific
activity, without taking into accout the age. Thus, high radionuclide levels were
taken into account and the age of the groups under comparison was not consid-
ered.

It is not correct from a methodological point of view to determine any phenom-
enon, including the presence of cardiac rhythm disorders, in this relatively small
group in comparison with a total group. In the studies conducted at the Gomel
Medical Institute during the first ten years after the Chernobyl nuclear power
plant accident *’Cs radionuclides were detected in all children examined, since
the whole population of Gomel region, and the whole of Belarus was exposed to
incorporated radioactive elements [9-12].

The policy of state structures on the distribution of food products contaminated
with radionuclides among all the inhabitants of the country also added to contam-
ination of the population.

The following remark concerns the material presented. Different types of car-
diac abnormalities, including in separate age groups, were not presented in the
article under review. I think that mixing all types of arrhythmias in one group is
an illustration of a non-professional attitude towards the problem. The genesis
of various types of cardiac arrhythmias can be different. There are some types of
arrhythmias that can be evaluated as stochastic effects. At the same time, the ra-
diation dose received by the human body determines only the probability of their
occurrence, but not their severity. Incomplete right bundle branch block detected
by us in a large number of children in Gomel region belongs to such arrhythmias.
We established a dose-effect relationship with respect to this very type of arrhyth-
mia [12]. It should be noted that the frequency of this type of arrhythmias is much
higher in the Republic of Belarus than in Ukraine [32]. Unfortunately, the authors
did not provide statistics on this type of arrhythmias, as well as on certain types
that they identified among the children examined in Bryansk region.

There are arrhythmias that belong to the group of deterministic effects, which
suggest the presence of a certain minimum limit, below which the radiation ef-
fect 1s completely absent, and above which the severity of the effect depends on
the dose received. Such arrhythmias can include bradycardia and tachycardia,
and also sinus bradycardia and sinus tachycardia. The authors of the study came
across such arrhythmias, since they indicate their codes among the material an-
alysed: abnormalities of heart beat, R00.0 — tachycardia, unspecified; R00.1 —
bradycardia, unspecified. However, statistical data on this type of arrhythmia is
also absent.

A single examination of children does not enable to identify accurately cases
of tachycardia and bradycardia, taking into account that they may be caused by
different pathological processes.

The article under analysis discussed the issue of an effective radiation dose of
ImSv per year, but this is not correct at the the present moment.

64



CHERNOBYL: ECOLOGY AND HEALTH. ISSUE 9 2019

In recent years in Russia, a level of 0.1 mSv/year is applied to employees of
enterprises with links to radiation exposure [33], this level should be even smaller
for the population living in affected areas.

Thus, the publication under review reflects serious violations in conducting the
cross-sectional population-based study carried out by the international group of
researchers from France (IRSN, Department of Cardiology Bichat Hospital, Par-
1s) and the Russian Federation (Department of Cardiology, Bryansk Diagnostic
Center) in Bryansk region, Russian Federation in 2009-2013 [31].

The data presented throws discredit upon their reliability and significance. One
can only regret that the large-scale study has no scientific value because of the
gross methodological mistakes.

Organisers of such studies should have been more responsible towards the
problem of consequences of technogenic catastrophes, since the health and lives
of many millions of people depend on it.

The analysis of the material published allows to state that the authors of the
following article made a wrongful conclusion.

«Is exposure to ionising radiation associated with childhood cardiac arrhythmia
in the Russian territories contaminated by the Chernobyl fallout? A cross-section-
al populationbased study»

Jean-Rene Jourdain, Geraldine Landon, Enora Clero, Viadimir Doroshchen-
ko, Aleksandr Silenok, Irina Kurnosova, Andrei Butsenin, Isabelle Denjoy, Didier
Franck, Jean-Pierre Heuze, Patrick Gourmelon.
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PUCK BOSBHUKHOBEHUA CEPAEYHO-COCYAUCTBIX
3ABOJIEBAHUI Y HACEJIEHU S, ITIPOKUBAIOIIETIO
HA TEPPUTOPUU, IOCTPAJABUHIEN OT ABAPUU HA
YEPHOBBLIbCKO ATOMHOM DJAEKTPOCTAHIIUU

Banoascescxuu FO.U.

Crarbs nocBslIeHa aHAIU3Y PE3y/IbTaTOB UCCIEAOBAHUM BIUSHUS HHKOPIIOPUPO-
BaHHBIX PAIHOHYKINAO0B *'Cs Ha COCTOSIHUE CEePICUHO-COCYMCTOM CUCTEMBI JIe-
Tel, IPONKUBAIOIIUX HA TEPPUTOPHUH, MOCTPaJaBIIei oT aBapuu Ha UepHOObLIb-
CKOM aTOMHOM 3JIEKTPOCTAHIIUU.

KuroueBbie cioBa: IETCKUI OpPraHu3M, CEpAEYHO-COCYAUCTas CUCTEMA, apUT-
MHH, HHKOPIIOPUPOBaHHbBIC pagnoHyKIu bl ¥'Cs.

THE RISK OF CARDIOVASCULAR DISEASES IN THE
POPULATION LIVING IN THE TERRITORIES AFFECTED BY
THE CHERNOBYL NUCLEAR POWER PLANT ACCIDENT

Bandazhevsky Yu.l.

The article is dedicated to the analysis of results of studies of the effect of
incorporated '*’Cs radionuclides on the state of the cardiovascular system in
children living in areas affected by the Chernobyl nuclear power plant accident.
Keywords: child’s body, cardiovascular system, arrhythmias, incorporated '¥’Cs
radionuclides.
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