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PHYSICAL DEVELOPMENT AND CALCIUM-PHOSPHORUS
METABOLISM IN THE CHILDREN FROM THE REGIONS AFFECTED
THE CHORNOBYL NUCLEAR POWER PLANT ACCIDENT

Yu.1. Bandazhevskyi, 2N.F. Dubova
'Ecology and Health Coordination and Analytical Centre, Ivankiv
National P.L. Shupyk Medical Academy of Postgraduate Education, Kyiv

The purpose of the study was to determine the association between the physical
development and calcium, phosphorus and *’Cs radionuclides in the organisms of the children
living in the regions affected the Chornobyl nuclear power plant accident.

Material and methods. 520 children, living in Ivankiv and Polissya regions of the Kyiv
oblast, were examined. The average age of the schoolchildren was 14.0+0.07 years. The Rohrer
index was used as a criterion for the assessment of the state of physical development (PD) of the
child. Radiometric, anthropometric, spectrometric, mathematical and statistical methods were used
for the study.

Results. Among the examined children, living in the regions affected the Chornobyl nuclear
power plant accident, the cases of harmonious PD made up 66.9 %. The cases of disharmonious
high PD were detected in 63.95 % of the children in the group with disharmonious PD.

There was no association between the PD of the examined children and the content of
general calcium in blood. At the same time, the association was observed between the PD of those
children and content of phosphorus in blood. The proportion of hypophosphatemia cases in the
groups of the children with harmonious and disharmonious high PD development was statistically
higher than the proportion of cases where the content of phosphorus in blood was within the
reference range. The content of *’Cs radionuclides and phosphorus in blood was reliably higher in
the children with disharmonious low PD than in the children with harmonious and disharmonious
high PD. The results of the statistical studies confirm the inverse correlative relationships between
the indicators of *’Cs, phosphorus values and PD.

The body weight decrease in the adolescents, living in the areas affected the Chornobyl
nuclear power plant accident, is associated with an increase of the content of **’Cs radionuclides in
the organism and phosphorus in blood.

Conclusions. The obtained results indicate the negative effect of incorporated 3'Cs
radionuclides on the PD of child’s organism.

Keywords: the Rohrer’s index, physical development, Cs-137 radionuclides,
hypophosphatemia, correlative relationship, radiation-contaminated territory.
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®I3UYHUN PO3BUTOK I KAJIbBIIN-®OCP®OPHUN OBMIH
Y JITEH 3 PAMOHIB, TIOCTPAKJIAJINX BIJI ABAPII
HA YOPHOBWJIbCBKIN ATOMHIN EJJEKTPOCTAHIIIT

banoascescoruii FO.1., [lybosa H .
YKoopounayiiinuii ananimuunuii yenmp «Exonozis i 300pos's», m. Ieankis
2Hab;i0HaJlea Mmeouuna axademisn nicagouniomuoi oceimu imeni ILJ1 lynuxa, m. Kuig

Memoro 0ocnioxncennsn 6yn0 usHaueHHs Y Oimell, SKI NPOACUBAIOMb 68 PALOHI, NOCPAdIC-
oanomy 6i0 asapii na YopHoOUNLCHKITI AMOMHIN eleKmpoCmanyii, 38'a3Ky Midc (izuyHum po3eum-
KoM Oimei i kanvyiem, ocghopom, a maxoowe padionykrioamu > Cs, wo micmamuvcs 6 opeanizmi.

Mamepianu ma memoou. /[ocrioxceno 520 dimeti, ski mewkaioms 8 leaukiecoxomy i Iloni-
cokomy pavionax Kuiscexoi obnacmi. Cepeoniu ik wixonapie ckias 14,0£0,07 poxie. B sxocmi
Kpumepito oyinku cmawny Qizuunozo pozsumxy (©@P) oumunu 3acmocosanuil inoexc Popepa. /[ns
00CHI0JICEHHS BUKOPUCAHT PAOiOMEMPUYHULL, GHMPONOMEMPUYHI, CNEKMPOMEemMPU4ecKull, mame-
MAMUKO-CIMamuCmu4Huti Memoou.

Pezynomamu. Ceped obcmedsicenux Oimeil, SKi Npo’CUBAIOMb 6 PAUOHAX, NOCMPANCOATUX
610 asapii na YopHoOUILCHKIll amoOMHIll eeKmpoCcmanyii, eunaoxu 2apmouiinoco @P cmanosunu
66,9 %. V epyni oimeti 3 ouceapmoniiinuii @P sunaoxku ouceapmonuuno2o sucoxozo PP 3ycmpiua-
aucay 63,95 %.

He suseneno 38's3xy mioe @P obcmedicenux dimetl | 6MIiCmoM 3a2albHO20 KATLYIIO 68 KPOE.
Y moti orce uac eusisneno 38’30k mione @P yux oimeil i smicmom ghocghopy 6 kposi.

Tumoma saza eunaokie eunogpochamemii' y epynax oimeti 3 2apMOHIUHUM | OUCCAPMOHIUHULL
sucokum @P byra cmamucmuyno binvuie, HIJC NUMOMA 8a2a 8UNAOKI6 emicmy Gocgopy 6 Kpoei 8
Medcax peghepenmnozo iHmepeay.

V oimeii 3 Ouceapmoniiinuii nusvkum OP, emicm padionyknioie ' Cs 6 opeanizmi i pocghopy
8 KpOoBi, 00COoGIipHO Oibude, HIdC Y Oimell 3 2APMOHIHUM § duceapMoHitiHull gucoxum DP.

Pezynomamu cmamucmuunux 00criosxicelb niomeepoicyoms 360pOMHI KOperayitii 36'a3xKu
Mmidie 3uauennamu noxazuuxie 3'Cs, oochopy i P.

3Huoicenns macu mina y oimeil nionimKo8020 6iKy, sKi HPOACUBAIOMb HA MepUmopii, wo no-
cmpaxcoana 6i0 asapii Ha YopHoOUnbCOLKIU amoMuil erekmpocmanyii, nog'azane 3 Ni0GUUIEHHIAM
emicmy padionyxnioie *¥'Cs 6 opeanizmi i pocghopy 6 kpoei.

Bucnoexu. Ompumani pezynomamu cgiouvams npo HecamusHui éniug Ha @P oumsayoeo op-
2aHi3ZMY THKOPNOPOGaHUX 6 opeanizm padionyknioie *>'Cs.

Knrouoei cnoea: inoexc Popepa, gizuunuil pozeumox, paodionykniou Cs-137, einoghocgha-
memis, KopeaayitiHull 36'130K, padioakmusHo 3a0pyOHeHa Mepumopisi.

Relevance of the problem. Projects of the European Commission and the Rhone-Alpes
Regional Council (France) conducted in Ukraine in 2013-2017 allow to obtain objective
information on the health of children from raions located near the Chernobyl Exclusion Zone [1-7].

At the same time, it is important to identify the cause of metabolic disorders leading to
irreversible changes in the skeleton, juvenile osteoporosis and scoliosis [8], having studied the
relationship between the physical growth of children and vital macro- and microelements and
radionuclides present in their bodies.

The purpose of this study was to determine associations between the physical growth and
calcium, phosphorus and '*’Cs levels in children living in a districts affected by the Chernobyl
nuclear power plant accident.

Material and methods. During the work carried out within the European Commission’s
project “Health and ecological programmes around the Chernobyl Exclusion Zone: Development,
training and coordination of health-related projects”, 520 children living in Ivankovsky and
Polessky districts, Kyiv region, having the '*’Cs soil contamination density of 0.17 to 1.9 curie/km?
were subjected to laboratory, instrumental and radiological studies [9].

223



T'iriena nHacenenux micip. Ne69 (2019) Hygiene of populated places. No.69 (2019)

The examined children’s average age was 14.00+0.07 years (95 % CI 13.9 — 14.2 years).

All examinations of the children were conducted in compliance with the rules of bioethics
and informed consents were signed by the parents of each subject.

In order to determine serum total calcium (Ca) and inorganic phosphorus (P) levels, all the
examined children had blood drawn from the ulnar vein after fasting in the morning.

Ca levels were measured by the spectrometric method using a Flexor E automated
biochemical analyzer (Vital Scientific, The Netherlands) using reagents from Point Scientific, Inc.
(USA). The wavelength is 650 nm.

Inorganic P concentrations were determined by the spectrometric method using a Flexor E
automated biochemical analyzer (Vital Scientific, The Netherlands) using reagents from Point
Scientific, Inc. (USA). The wavelength is 340 nm.

The children’s anatomical measures were studied in compliance with standard conditions
using standardized anthropometric measuring techniques [10].

The Rohrer’s weight/height index (RI) being an indicator for physical growth (PG) and
metabolism was used in this study.

RI is a measure that allows to assess the degree of conformity of one’s weight to height
calculated by dividing weight in kilograms by the cubic of height in meters.

Normal or average PG of children was found at RI values of 10.7 to 13.7 kg/m?®, abnormal
(low) PG was defined at RI values of less than 10.7 kg/m?, and abnormal (high) PG of children was
defined at RI values of more than 13.7 kg/m® [11].

Systolic and diastolic blood pressure (SBP, DBP) were measured automatically using a
patient monitor system (PM 9000, Penton Ltd). Pulse pressure (PP, the difference between the
systolic and diastolic blood pressure) was also calculated.

137Cs specific activity in a child’s body 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 obtained
information was saved with the help of the AKWin software.

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.

Associations between the analysed variables 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 group of children with normal PG comprised the largest
proportion among the children examined (table 1). Abnormal high PG was found in 110 children
(63.95 %) among 172 children with abnormal PG.

Blood total calcium levels fell within the reference range in the majority of children
examined (table 2).

Table 1. Examined children distribution into groups according to the PG level based on Rohrer’s
mass/height index (RI).

Number of children in a group

Group No. RI values Abs. %tm
1 <10.7 62 11.9+1.4
2 10.7-13.7 348 66.9+2.1
3 >13.7 110 21.2+1.8
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Table 2. Blood Ca values in children with different PG levels.

S B .E _ Number of cases

%:“ = g _dg § g Subgroup A Subgroup B Subgroup C

S S g = oy Ca>2.6 mmol/L | Ca=2.13-2.6 mol/L | Ca<2.13 mmol/L
o Z S Abs. %+m Abs. %+m Abs. %+m

1 <10.7 62 1 1.6+1.6° | 59 | 95.242.7 2 3.242.3
2 10.7-13.7 348 0 - 339 97.4+0.9 9 2.6+0.9
3 >13.7 110 0 - 109 99.1+0.9 1 0.94+0.9

Note. Statistical differences between subgroups A and B in the Group 1: t=29.82; p=0.00001.

The proportion of cases of hypophosphataemia (blood P levels < 1.29 mmol/L) was
statistically significantly higher than the proportion of cases with P levels within the reference range
— P =1.29-2.26 mmol/L in the groups 2 and 3 of children.

The proportion of cases of hyperphosphataecmia (blood P levels > 2.26 mmol/L) was
insignificant in all groups (tables 3, 4).

Table 3. Blood P values in children with different PG levels.

S . S E o Number of cases

Zg — 8 2 § 3 Subgroup A Subgroup B Subgroup C

3 a E ES & P<1.29mmol/L | P=1.29-2.26 mol/L P >2.26 mmol/L
5 Z 5 °[ Abs. [ %+m | Abs. | %+m | Abs. Y%+m
1 <10.7 62 34 54.8+6.3 26 41.946.3 2 3.242.3
2 10.7-13.7 348 217 62.4+2.6 128 36.8+£2.6 3 0.94+0.5
3 >13.7 110 72 65.5+4.5 38 34.6+4.5 0 -

137Cs levels were statistically significantly higher in the Group 1 of children (RI < 13.7) than
in the Groups 2 and 3, and was higher in the Group 2 than in the Group 3 (tables 5, 6).

Table 4. Statistical differences in blood P values in children with different PG levels (RI).

Test of Test of Test of
Comparison differences, Comparison differences, |Comparison differences,
groups significance groups significance groups significance
level p level p level p
t=1.45; t=7.69; t=5.77;
IAand IB | 153127 IAand 1C | 60001 IBand 1C | 5 10001
t=6.96; t=23.23; t=13.56;
2A and 2B p=0.00001 2A and 2C p=0.00001 2B and 2C p=0.00001
t=4.86;
3A and 3B p=0.00001 3A and 3C - 3B and 3C -
t=1.12; t=0.75; t=0.18;
tAand2A 5265879 IBand2B | _0.45544 1Cand2C | 6.86125
t=1.38; t=1.76;
1A and 3A p=0.169945 1B and 3B p=0.082452 1C and 3C -
t=0.60; t=0.94;
2A and 3A p=0.551323 2B and 3B p=0.349453 2C and 3C -

Note. Group 1 — RI <10.7; 2 — RI=10.7-13.7; 3 — RI > 13.7. Subgroups: «A» — P < 1.29 mmol/L;
«B» — P=1.29-2.26 mmol/L. «C» — P >2.26 mmol/L.
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Table 5. Statistical characteristics of the analysed variables in groups of children with different
physical growth.

Groups
Variables 1-RI<10.7 2-RI10.7-13.7 3—-RI>13.7
Me IR Me IR Me IR
137Cs, Bq/kg 1.81 1.65-2.07 1.69 1.57-1.92 1.51 1.45-1.61
Ca, mmol/L 2.35 2.28-2.4 2.34 2.28-2.39 2.33 2.27-2.39
P, mmol/L 1.27 0.95-1.55 1.14 0.75-1.41 1.13 0.78-1.41

Blood calcium levels in the children from the analysed groups had no statistical differences
(tables 5, 7).

Blood P levels in the children from the Group 1 were statistically significantly higher than in
the Groups 2 and 3 (tables 5, 8).

Table 6. Statistical differences in '*’Cs specific activity values in examined children.

Co;rrlgigsson Comparison group size A\r/:lige U test value, significance level, p
12 62 239.69 U=8668.0;
348 199.41 p=0.014
3 348 256.14 U=9871.0;
110 145.24 p=0.00001
62 118.25 U=1441.5;
- 110 68.60 p=0.00001

Table 7. Statistical differences in Ca values in groups of children examined.

Co{r;gzg:on Comparison group size A\r/;rlige U test value, significance level, p
1o 62 209.15 U=10562.0;
348 204.85 p=0.792
3 348 231.47 U=18453.5;
110 223.26 p=0.570
A 62 89.75 U=3208.5;
) 110 84.67 p=0.520

Table 8. Statistical differences in P values in groups of children examined.

Comparison Comparison group size Average U test value, significance level, p
groups rank
1 62 244.80 U=8351.5;
348 198.50 p=0.005
3 348 229.10 U=18999.5;
110 230.78 p=0.908
A 62 98.46 U=2668.5;
- 110 7976 p=0.018
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A correlation analysis of values of analysed variables of all the children examined showed
an inverse association between RI and '*’Cs, RI and P. There was no association between RI and Ca
(table 9).

Table 9. Results of correlation analysis between RI values and analysed variables among the
children examined.

Parameter
Parameters Correlation coefficient
RIc.u.
Spearman’s -0.397%*
Cs-137,Bg/kg | Sign. (2-tailed), p 0.00001
N 520
Spearman’s -0.011
Ca, mmol/L Sign. (2-tailed), p 0.807
N 520
Spearman’s -0.130**
P, mmol/L Sign. (2-tailed), p 0.003
N 520

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

Thus, the study showed that the majority of adolescent children living in the raion affected
by the Chernobyl nuclear power plant accident had a normal PG — 66.9%.

Cases of abnormal high physical growth (63.95%) prevailed among the children with
abnormal PG.

The study showed no association between physical growth and blood total calcium levels.
Blood Ca levels were within the reference range in the vast majority of children.

An association was identified between the physical growth of the children and blood P
levels.

Hypophosphataemia was present in most of the children from the groups with normal and
abnormal high PG. This effect was absent in the group of children with abnormal low PG. Blood P
levels in the children of this group were statistically significantly higher than in the other two
analysed groups. The correlation analysis showed an inverse association between RI values and P.

Considering that the examined children have been constantly living in the territory
contaminated with radioactive elements, it is very important to determine the severity of
incorporation of the latter into the body and their link with PG.

137Cs concentrations were higher in the children with abnormal low PG compared to the
children with normal and abnormal high PG.

This relationship is confirmed by the inverse association between RI and '*’Cs contained in
the body.

A progressive decrease in RI values with an increase in '3’Cs levels in the children identified
during the study indicates that there is suppression of proliferation of cells of the musculoskeletal
system and vital organs. This effect of '*’Cs was also recorded in the children with respect to blood
cells (table 10) [12].

The findings can be used when carrying out medical preventive activities among children
living under conditions of radiation exposure due to the Chernobyl nuclear power plant accident.
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Table 10. Results of correlation analysis between age, haemoglobin level, red blood cell count and
137Cs specific activity in children aged 12-18 years.

Parameters
Parameter Correlation coefficient Red blood cell b oL
count, 10'?/L &
Spearman’s -0.075* -0.174%*
137Cs specific P
activity, Sign. (2-tailed), p 0.044 0.0001
Bqg/kg
N 721 721

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

Conclusions

1. Among the examined children living in a districts affected by the Chernobyl nuclear
power plant accident, cases of normal physical growth made up 66.9%. Cases of abnormal high
physical growth were found in 63.95 % in the group of children with abnormal physical growth.

2. No association was found between the physical growth of the children examined and
blood total calcium levels. At the same time, an association was observed between the physical
growth of the children and blood phosphorus levels.

3. The proportion of cases of hypophosphataemia in the groups of children with normal
and abnormal high physical growth was statistically higher than the proportion of cases where blood
phosphorus levels were within the reference range.

4. Blood '*’Cs and phosphorus levels were statistically significantly higher in the children
with abnormal low physical growth than in the children with normal and abnormal high physical
growth.

5. The results of statistical studies confirm inverse associations between '*’Cs and
phosphorus values, and physical growth measures.

6. The decrease in body weight in adolescent children living in areas affected by the
Chernobyl nuclear power plant accident is associated with the increase in blood '*’Cs and
phosphorus concentrations.

7. The findings indicate that '*’Cs radionuclides have a negative effect on the physical
growth of a child’s body.
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OCOBJHUBOCTI IOKA3ZHUKIB COITAJTBHO-IICUXOJIOTTYHOI
AJAINITALII YYHIB I CTYAEHTIB CYUACHUX 3AKJIAAIB OCBITH
PI3HUX THUIIIB 3A PE3YJIbTATAMMU TECTY JIIOLIIEPA

Tumowgyx O.B.
lsano-Dpanxiscvruii HayionarbHUull MeOuuHuil yHigepcumem, M. leano-@panxiscok

Cyyachuil akmueHull CMulb HCumms ma nocmiine niO8UWeHHs PIGHA IHMEeHCUBHOCMI no-
MOKY THPOPMAYIUHO20 NAUBY Y NEPIOO HABYAHHS MA Y NO3AHAGHANbHULL YAC CYMMEBO GNIUBAE HA
Ppieenb CoyianbHO-NCUXONI02TUHOI adanmayii YUHIECHbKOL ma cmyOenmcbKoi Mo00I, SIK NeGHOT 0COD-
JUBOT Kame2opii, wo Xxapakxmepuzyemovcsi 0COONUBUMU YMOBAMU NPOMIKAHHS HABUAILHO2O NPOYeECY,
cneyu@iyHuMUu 0coOIUBOCMAMU PYHKYIOHYBAHHA MOTO0020 POCIYHO20 OPSAHIZMY.

Memoro 0ocnioxcenHs 0)10 BU3HAYEHHS 0COOIUBOCTNE NOKAZHUKIB COYIANbHO-NCUXON02TUHOL
adanmayii yuHie i cmyOeHmie CYHacHUX 3aK1adie oceimu pizHUX Munie 3a pe3yibmamamu mecmy
Jhowepa.

Opzanizauyis ma memoou 00CaiOMceHy. /[ GU3HAUEHHA O0COOIUBOCEU  COYIANIbHO-
NCUX0I02I4HOT adanmayii ma noe sI3aHux 3 Hel0 0COOUCIICHUX PUC YUHIE ma CIYOEeHmis, 3aCmoco-
sysanu xonipuuti mecm Jlowepa, adanmosanozo Cobuux.

Pezynvmamu 0ocnioxcens. Ooepoicani 6 X00i npogedeHux 00CHiodcelb pe3yibmamu 6io-
3Hawawmo Mol Gakm, wo He3ANeNHCHO 8i0 0codIUsBOCmell 0p2aHizayii HABUAIbHO20 NpPoyecy
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