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Blood lead level and cognitive performance
in Ukrainian schoolchildren

Background. Modern systematic review and meta-analysis of case-control studies
demonstrate the large effect of lead exposure on IQ test scores in children under 12 years.
The World Health Organization estimate that lead exposure causes 30% of the global burden
of idiopathic intellectual disability. In this regard, in the most developed countries, for
example, the United States, there are special government programs, International Lead
Poisoning Prevention Weeks, which present an opportunity to initiate long-overdue reforms.
In Ukraine, there are no state programs of such a scale as in the United States. Research on
the study and limitation of the ecopathological effect of lead on the psychosomatic state of
Ukrainian schoolchildren is still rare.

The aim of this study was to evaluate the effect of blood lead levels on cognitive sphere
indexes in urban schoolchildren resident in Odesa, Ukraine.

Materials and Methods. 92 children of random sample were examined, aged 7 to 15
years. Determination of lead was carried out in heparinized venous blood by the method of
atomic absorption spectrometry with electrothermal atomization. According to blood lead
level, the children were divided into 4 groups: 1) up to 49 ng/l, n = 57; 2) from 50 to 99 ug/l, n
= 16; 3) from 100 to149 ug/l, n = 14; 4) more than 150 pg/l, n = 5. The groups were
homogeneous in terms of such indicators as age, sex of children, diseases they suffered,
education and social position of parents, family wealth, peculiarities of pregnancy and
childbirth by a given child in the mother. Indicators of the cognitive sphere were determined
according to the methods recommended for research in children aged 7 to 15 years. The
control was the first group of children.

Results. The deviation rate from the optimal level of figure recognition in children of the
second group (1.38+0.27) and the third group (1.43+0.27) was significantly higher than in
children of the first group (0.73+0.12 points). The number of correctly reproduced images by
children of the third group (7.86% 0.51) and the fourth group (7.00+0.89) was significantly
less than that of children of the first group (9.12+0.41). Both indicators reflect the state of
short-term memory. The number of words memorized by Luria's method, reproduced after 1
hour, was significantly less in schoolchildren of the second group (7.87+0.37), the third group
(6.50£0.57), the fourth group (6.20+1.07) than in schoolchildren of the first group
(8.77x0.14). This indicator reflects the state of long-term memory. The concentration of
attention on the Bourdon test in children of the third group (85.6+18.4 c.u.) was significantly
lower than in children of the first group (126.9+12.8 c.u.). Children of the same group worked
longer with the Gorbov table (283.0+22.6 s) compared to children of the first group
(221.1+9.2 s). Schoolchildren of the second and third groups showed worse results of
attention tests compared to the first group, such as the indicator of switching attention on the
Bourdon test (respectively 67.64+4.06% and 71.84+3.17% vs. 83.34%+2.14%), the number of
errors when working with the Gorbov table (respectively 2.87+0.54 and 3.00+0.64 against
1.16x0.14), the time of switching attention (respectively 131.8+12.3 s and 146.9%x17.5 s
versus 101.7x6.3 s). In addition, the number of uncorrected errors in the Halperin,
Kabylitskaya test was higher in children of the third group (4.92+0.64) and the fourth group
(4.80£0.80) than in children of the first group (2.87+0.26).

Conclusion. Increasing the level of lead in the blood of Ukrainian schoolchildren negatively
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affects their cognitive sphere, impairing short-term and long-term memory, reducing
concentration, and slowing down the rate of switching attention.

PIBEHDb CBUHIIIO B KPOBI TA KOT'HITUBHI ITOKA3HUKH B
VKPATHCBKHUX IMIKOJIAPIB

BCTYVYII. CTOmiTTS MIOACHKOI OisITEHOCTI, 0COOIMBO XXKUTIOBOI Ta TPAHCIOPTHOI MPAKTUKH, POIIrHamn
COTHi MiJIbMOHIB TOH CBHHIIIO B HAIIIUX MiChKUX paroHax [1]. OTpyeHHS CBHHIIEM BiIHOCUTBLCS [0
Ymrcila HauOinmbIn 3HaYyux (GaKTOpPiB, 10 BIIMBAIOTh HA PICT i pyHKITIOHATBHUNE PO3BUTOK OiTel [2].
Oco0IMBO HECIIPUSTIUBUM € BIIJIMB CBUHITIO Ha MCUXIYHY (QYHKIIO. 30KpeMa, HOBUH
CUCTEeMaTUYHUU OIJIAf i MeTa-aHasi3 JOCIiAXKeHb TUIY «BUIIaJOK-KOHTPOJIb» JEMOHCTPYIOTh
3HAUHUU HeraTUBHUYU e(eKT CBUHINO Ha pe3ynbTaTu TecTy 1Q y miteit go 12 pokis [3]. 3a ouinkamu
BcecBiTHBOI opraHi3aliii 0OXOpOHU 3I0POB's, BIJIUB CBUHINIO BUKIUKAE 30% riobanbHOT0 TAraps
imiomaTUYHUX iHTENEeKTyalbHUX po3iamiB [4]. ¥V 3B's13Ky 3 UM y HabGinbIll pO3BUHEHUX KpaiHax,
Hanpukian, CHIA, icEHYIOTE clelliafibHI AepXKaBHi IporpaMu, IPOBOAATECA MixKHapOoOgHI TUXKHI
npodimakTUKM OTPYEHD CBUHIEM, SKi 0AlOTh MOXKJIUBICTH iHIiITiIOBaTH OaBHO Ha3pini pedopmu [5]. B
VkpaiHi HeMae mepKaBHUX IIporpaM Takoro piBHsA, 9K y CIIA. JlocmigKeHHsS 3 BUBYEHHS Ta
00MeZKeHHS eKOIIaTOJIOIYHOTO BIIJIMBY CBUHIIIO Ha IICUXOCOMATUYHUM CTaH YKPAIHCHKUX IIKOISIPiB
IIOKM IO PigKiCHI.

MeTo10 mocmimkeHHs Oyia OITiHKa BIIMBY PiBHSI CBHHINIO B KPOBi Ha ITOKa3HUKHU KOTHITUBHOI chepu
y IIKOJIAPiB, IKi IPOKUBAIOTh y MicTi Ofgeca.

MATEPIAJIV I METOIIN. V mocmigzKeHHi B34/ y4acTb 92 OUTUHU BUNAOKOBOI BUOipku BikoM 7-15
POKiB. BKItoueHHs miTed Mo mOCIimKeHHS 3[ilCHIOBAIOCS 3a YMOBHU iHpopMoBaHoOi 3roau 6aThKiB
OiTel MicJis HafaHHS JeTasibHOI iHdopMallii mpo mopsaaoK i MeTy pob6oTH.

Bu3HadeHHSs CBMHIIIO IPOBOOUJIOCS B rellapMHOBaHIM BEHO3HiM KPOBi METOIOM aTOMHO-abCcopO1IifiHO1
CIIEKTPOMETPIi 3 eJIEKTPOTEPMIYHOIO aTOMi3alli€lo IicjIA BOIOroi MiHepanisarlii mpo6. 3a piBHEM
CBUHIIIO B KPOBi miTel nmominsanu Ha 4 rpynu: 1) mo 49 Mkr/n, n = 57; 2) Big 50 go 99 Mkr/m, n = 16;
3) Bim 100 mo 149 mkr/m, n = 14; 4) 6inbime 150 MKr/i, n = 5. Ilepima rpymna 6yia KOHTPOIbHOIO.
Bimomo, 110 Ha OOCHiAXKyBaHI IOKa3HUKY MOXKE BIIJIMBATU HE TUIBKH PiBEHb CBUHIIO B KPOBI, a i, y
IIepIly 4epry, BiK, CTaTh AiTel, IepeHeCeHi HUMHU 3aXBOPIOBAHHS, OCBiTa i coLliaJiIbHE CTaHOBUILE
6aThKiB, CiMEeHHUI OOCTATOK, 0COOIMBOCTI BariTHOCTI Ta MOJIOTiB HAHOIO JUTHHOIO B MaTepi. [
BCTAHOBJIEHHST OMHOPIAHOCTI 3a UMHU (haKTopaMu OOpaHUX I'PYI AiTel OYB pO3paxOBaHUM KPUTEPiH
x2. Llefi MeTon, AKUil e Ha3MBAIOTh «aHaJIi30M IIPOIMOPIIifi», JO3BOJIAE BCTAHOBUTHU CTaTUCTHYHY
PiBHOMIpHICTh UM HEPIBHOMIPHICTh PO3MOLITY TUX UM IHINMUX O3HAK 10 rpynax. Po3paxysHku
KpUTEPio X2 oKa3aly, 0 IPynu OyIu OMHOPIMHMMH, 3BiICH BiIMiHHOCTI B JaHUX KOTHITUBHOL
chepu MoxkHa OyJIO ITOSICHUTHU B JAHOMY BUIIQIKy TiJIbKY iHIITUM PiBHEM CBUHIIIO B KPOBI.

IToka3HWKM KOTHITUBHOI chepy BU3HAYAIUCS 32 METOOUKAMM, PEKOMEHIOBAaHUMH IJI BUBUEHHS Y
miTel BikoM Bim 7 mo 15 pokis [6]. BukopucToByBamucs 4 rpynu TECTIB: A - OIS HOCHiAXKEHHS
nmaMm'siti; b - mns mocrmigkeHHsT yBaru; B - misi BUBYEHHST 0COOIMBOCTEN ITPOLleCy MUCIIEHHS; I - ms
BUBYEHHS PHUC 0COOMCTOCTi. [JOCHiIAKeHHI KOPOTKOYACHOI ITaM'sITi ITPOBOOUIINCS 3a BIIi3HABAHHSIM
¢diryp i 3a 3amam'siToByBaHHSIM Yncen i o6pasiB. OiiHKa piBHS BIi3HaBaHHA I} 3milicHIOBanacs 3a
BiOXWIIEHHSM Bifl ONTHMAaIbHOTO 3HAUYEHHs (OOMHUIIL) i BUpaxasacs B 6anax: 0 6amiB - BigxXuneHHs
He Oyro; 1 6an - BimxunenHas mo 0,5 oguauIle; 2 6anu - Bigxunenss Big 0,51 mo 1,00; 3 6anu -
BimxumnenHs Big 1,01 i 6inbie. [JoBrocTpoOKOBa maM'siTh OLIiHIOBAIACS MIJISIXOM 3araM'siToByBaHHS 10
ciiB 3a MeTonukoio A.P.Jlypisa. Jocnigxkyodn yBary, MU BUKOPUCTAJIM TECT Ha BUMUTYBaHHS (TECT
Bypnona), Tabnuni lllynbTe Ta 4opHO-4epBOHY Tabnuiio I'opboBa. [Toka3HUK ITEPEKITIOUEHHS YBaru
(TII1Y) B TecTi Bypnoona po3paxoByBascs 3a ¢popmynoro: [IITY = 100 - Py / Psar. x 100, me Py, -
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KiTbKiCTh IOMHUIKOBO 00pOOIeHUX PAOKiB; P,,. - 3arajibHa KiJIbKiCTh PAOKiB Y IIbOMY 3aBIaHHi.
Pe3ynbpTatu 6ynu BUpaxKeHi y BimcoTkax. Yac mepeKkIoYeHHs yBaru BU3HAYaBCA SIK PI3HUISA MiXK
yacoM pobotu 3 Tabnuieio 'opboBa i 3araJbHUM YacoM POOOTH 3 IIEPIIOI0 i APYTro0 TabIUuIIIMu
IyneTte. ¥V miTed micnsg 9 pokiB npoBomuBcs Takoxk TecT I1.4. anpnepina i C.JI. Kabunuibkoi. s
BHBYEHHS MUCJIEHHS y miTed nicis 10 pokiB BUKOPHUCTOBYBABCA TECT Ha IIOIIYK IPOCTUX aHAJIOTiH.
IMocnimKeHHs PUC 0COOMCTOCTI MPOBOOUIIOCH YV miTew micis 10 poKiB 3a MOIIOMOTOI0 ONUTYBaIbHUKA

AMi3eHKa.

OTtpuMaHi faHi miggaBanaucsa cTaTUCTUYHIN 00pob1li 3a HormoMororo t-tecty. [1oCTOBipHUMU

BBaxKanucs BimMmiHHOCTI ipu p < 0,05.

PE3YJIBTATU TA OBI'OBOPEHHA. [1aHi, oTpuMaHi B pe3ysbTaTi IPOBEIEHOT0 OOCIIiIXKEeHHH,
IIpencTaByieHi B TabOIUIIi.

Tabmuiisi. [Toka3HUKKM KOTHITUBHOI chepH y AiTel PisHUX Irpynd

ITokasnukm \ rpynu

1 rpyna

2 rpyna

3 rpyna

4 rpyna

BigxuneHHs Bin
ONTUMAJIbHOTO PiBHSA
BIIi3HaBaHHS Qiryp,
6ariB

0,73+0,12

1,38+0,27*

1,43+0,27*

1,40+0,51

KinpkicTe IpaBUIBHO
BiITBOpPEHUX YMCel

3,75+0,23

3,67+0,20

3,57+0,31

3,80+0,37

KinpkicTh mpaBUIILHO
BigTBOpEHUX 00pa3in

9,12+0,41

8,19+0,54

7,86%+0,51*

7,00%+0,89*

KinekicTs ciis,
3aBYEHUX 3a METOIOM
Jlypis, BinTBOpEHUX
gepes 1 rog.

8,77+0,14

7,87+0,37*

6,50+0,57*

6,20+1,07*

KonneHnTpanisa 3a
TectoM bypmoHa, ym.on.

126,9+12,8

117,1+£21,1

85,6+18,4*

99,8+14,9

[IBuOKicTh
TIepeKII0YeHHS yBaru
3a tectoMm ByppnoHa, %

83,34+2,14

67,64+4,06*

71,84%3,17*

71,17+6,43

CepepHilt yac po6otu 3
tabmuusimu llynsTe, C

58,38+3,41

60,33+5,38

64,46+6,94

63,56+4,43

Yac po6otu 3 TabIuero
T'op6oega, ¢

221,1%9,2

243,9+18,7

283,0+22,6*

282,0+38,8

KinpkicTh gomyIeHux
TIOMUJIOK ITPU poOOTi 3
Tabnuueo I'opGoBa

1,16+0,14

2,87+0,54*

3,00x0,64*

3,40+1,33

Yac nepekaidYeHHS
yBary, c

101,7+6,3

131,8+12,3*

146,9+17,5*

150,8+27,2

KinbkicTh
HEBUIIPABJIEHUX
TIOMUJIOK y TECTi
lanvnepina,
Kabunumskoi

2,87%0,26(n=53)

3,21+0,42(n=14)

4,92+0,64*(n=12)

4,80+0,80*(n=5)

KinpkicTh IOMUJIOK IIPU
3HaXOIXKeHHi aHaJoTi’

2,60+0,40(n=>52)

2,50+0,49(n=14)

2,91+0,68(n=11)

3,25+0,85(n=4)

IMpumiTka. * - Pisuuis goctoBipHa (p<0,05) 3 moKa3HMKaMU MEPIIOL IPYIIN.

Ak Mu Gauumo 3 Tabnuili, HalbinkIla KiTbKiCTh 4OCTOBIPHUX BiIMiHHOCTE!N 3 KOHTPOJIEM
CIocTepiranacs y TpeThol Ipynu AiTel, oe BMIiCT CBUHITIO B KpoBi KonuBaBcs Big 100 mo 149 Mxkr/m.
BigHOCHO MeHIIY KiNTbKiCTh MOCTOBIPHUX 3MiH y IIKOJISIPiB YeTBEPTOI I'PYIIHM MOXKHA MOSICHUTH 1i
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HEBEJIMKOIO KilTbKiCTIO, Yepes 110 SICKpPaBO BUPAXKEHi TeHIeHIIil He 3MOTJIN JOCATTH CTYIeHSI
OOCTOBIPHOCTI IPH CTATUCTUYHIiN 00POOIIi.

Anamnis TecTy Ha BUBYEHHS puc ocobucmocmi (OIUTYBaIbHUK AW3eHKa) HEe BUSIBUB iCTOTHUX
BimMiHHOCTEM MiXK I'pymaMu fiTell 3a IIKajlaMHu iHTPO- i eKcTpaBepcil i HelipoTusmMy. ToMmy #oro
pe3ynbTaTH B TAOIUINIO HEe BKITIOYAIHUCS.

Ananis pe3ynbTaTiB TECTIB Ha JOCIiAXKEHHS ITaM'saTi MoOKa3as, 1110 PiBeHb BIIi3HaBaHHA Y OiTel Opyroil
i TpeThOI TPy BiApi3HABCS Bim ONTUMaJIBLHOIO 3HAYEHHA OifbIlle, HiX y AiTel mepiiol, KOHTPOJILHOI
rpynu. [Ipu iboMy KinbKiCTh IPaBUJIBHO BiITBOPEHUX 00pa3iB MIKOISIPpaMU TPETHOI i YeTBEPTOI Ipyn
Oysla 3HaYHO MEHIIIOI0, HiXK y giTel mepioi rpynu. Lle cBigYMTh IO MOTipllIeHHS KOPOMKOUYACHOI
nam'sami [6] y miTe¥ 3 6inbIl BUCOKMUMM KOHIIEHTPALIIMU CBUHIIIO B KPOBIi, B IMOPiBHAHHI 3 TUMH, B
SIKUX I1i KOHIEHTPallil Oy HalHUKYUMHU. 3HaYHe 3MEHIIIeHHS KiTbKOCTi CIIiB, 110
3amnaM'ITOBYIOThCS 3a MeTomoM A.P.JIypist, BinTBOpeHUX Yepes3 1 roguny, 6yJi0 BUSBIIEHO V HiTel 2-4
rpy1. Lle cBiguuTh PO BigHOCHE IOTipIIeHHST 00820CcMpoKoeoi nam'ssimi [6] y miTe#t 3 GinbIi
BUCOKHMM KOHIIEHTpPAIliIMH CBUHITIO B KPOBI.

AHarni3 NOKa3HUKIB TECTIB AJid OOCIHIAXKEHHS yBarud TaKOXK BUSBUB OJOCTOBIPHI BiTMiHHOCTI MiXK
pisHMMU rpymamMu OiTei. Tak, KOHUeHmpauyis ysaau 3a TecToM BypmoHa 6yia 3HAYHO TipIIoo y
OiTel TpeThol IPyNH, HiXK y miTei nepinol rpynu. [IIBUAKICTE nepekaoyeHHA yBaru 6yia HUXKYO0I0 IK
y Tili Xe TPyIi, Tak i B Opyri¥ rpymi, TOpiBHSIHO 3 TOKA3HWKOM Y IepIiil rpymi. [IiTu TpeThol rpynu
OOCTOBIpHO MOBIIIE TIpalftoBanu 3 Tabmuileto 'opboBa, MpU IIHOMY OOIIyCKalo4H i GinbIille MOMUJIIOK.
OcTaHHiY MOKa3HUK OYB MOCTOBipHO 3MiHEHUM Yy OPYTi# rpymi miTei. Yac mepeksoUyeHHs yBary,
BU3HAYeHUY 3a goromoror Tabnauis 'opbosa i lllynbTe, TakoK 3HAYHO 30iNbIllyBaBCcs B AiTeil 2-4
TPYI Y TIOPiBHSHHI 3 aHAJOTiYHMM MOKA3HUKOM Iepinoi rpynu. Lle Moke CBimuuTH PO BimHOCHE
3HUKEHHS PYXJIUBOCTI IIPOIIeCiB HEPBOBOI cucTeMu [6] y miTel mpu 30isbIlIeHH] BMiCTY CBHHIIIO B
oprani3mi. KinmekicTs HeBuIIpaBneHux moMuiIoK B Tecti I1.4. T'anbpnepina i C.JI. Kabunuupkoi 6yna
GiTBIIIOI0 B miTelM TPeThol i 4eTBepTol rpyi. Lle cBimuuTh Ipo IeBHE 3HUIKEHHS pigHs yeaau [6] y mux
OiTell B MOPiBHSAHHI 3 OiThMU II€PIIOl TPYIIHU.

AHari3 TecTy Ha BUBUYEHHS MUC/@HHA MOKa3aB, 10 B YCiX OOCimXKyBaHUX OiTed noriudi popmu
MUCJIEeHHS lepeBaxanu Hag HaouHuMU. OgHAaK KiIbKiCTh IOMUJIOK V 3HAXOAXKEHHI aHalorii Mana
TeHIEHIIiIo [0 30inbieHHs 3i 36iIbIIIeHHSIM PiBHS CBUHIIO B KPOBi. Lle CBimMYUTEL PO MeHITy
CTiMKiCcTh, GinbITy BPa3/uBiCTh IIPOIlECy MUCJIEHHS i GilbIly BTOMTIOBaHICTh [6] v 1Iux miTei.

PesynbTaTy HAIIOTO OOCHIOXKEHHS MiATBEPAUIN PaHillle BCTAHOBIEHUN 3B'I30K MiXK piBHEM CBUHIIIO
B KPOBIi Ta KOTHITUBHUMU NOPYIIeHHAMU y miTel [1-5]. ¥ ToMmy uucii, goBegeHU y HOBOMY
CHUCTEMAaTUYHOMY OTJISMi i MeTa-aHali3i TUIy «BUNIALOK-KOHTPOJIb», 3OiNCHEHOMY BUEHUMH 3 Pi3HUX
KpaiH cBity [3].

BHMCHOBOK. IligBuIlleHHs piBHS CBUHIIIO B KPOBi YKpalHCHKUX IIKOJIIPiB HEraTUBHO BIJIMBA€E Ha IX
KOTHITUBHY cdepy, MOoTiplIyiouyu KOPOTKOYACHY i JOBrOCTPOKOBY IlaM'sITh, 3HUKYIOUN KOHIIeHTPAallilo
yBaru, CIOBiNIbHIOIOYY 1i TepPEeKII0YeHHS.
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