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For industrialized areas, the problem of the an-
thropogenic pollution of the environment is not only
relevant, but it also exacerbates at a qualitatively new
level due to a significant deterioration of almost all
the indicators of the population health, especially chil-
dren’s health. Among the wide variety of the factors
that affect the people, the leading place belongs to
the chemical one, in the spectrum of which the spe-
cial place is occupied by the heavy metals and such
a global and potentially dangerous toxicant as lead is
on the first place.

The purpose of research was to assess the low-
dose effect of lead on the microelement state and
prenosological indicators of the health of preschool
children living under conditions of constant exposure
to it.

Material and methods. The obtained data testi-
fy to the constant presence of lead in environmental
objects city Dnepr in concentrations for the most part
do not exceed permissible ones, however, in 1.5-
1.6 times higher than in unpolluted areas. Hygienic
monitoring of the content of lead, copper and zinc in
the air, water and food products of two industrial re-
gions of the city of Dnipro and a “conditionally clean”
region of a non-industrial city were carried out. The
degree of influence of lead load was estimated with
using a dose-dependent approach using biomonitor-
ing and specific biochemical parameters. To assess
the prenosological state of health of the child popu-
lation, 46 and 57 children from preschool institutions
in the observation areas aged 5 to 6 years old and
20 children from the control area were simultaneously
examined according to a similar scheme.

Results and discussion. The average content of
lead in the blood of 70-100% of children from the in-
dustrial areas is 1.6-5 times higher than the standard
and 9.5-30 times higher than the control one. In the
urine of 33-66% of the surveyed children from the in-
dustrial areas and 12% of children from the control
one the lead concentration is 6.4-12.8 times higher
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than the standard. Hair of preschoolers contains lead
in concentrations that correspond to the permissible
level, but 2-3.5 times higher than that of children in the
control area, found in 73-78% of those surveyed. The
concentration of lead in the teeth of children from in-
dustrial regions is 4.6 times higher than the normative
level recommended by the World Health Organization,
and in nails it is 3.2 times higher than the background
values. The content of copper in all biosubstrates of
children is determined at the physiological level, and
zinc is lower by 49-80%. The increased content of
lead in biosubstrates is accompanied by an increase
of the activity of 8-ALA in the urine of children from the
industrial areas by 1.2 and 1.9 times compared with
the recommended norm, it was observed in 51-89%
of the examined.

Conclusion. The revealed biochemical disorders
in the organism of children indicate the beginning of
the development of microsaturnism, which, on the
background of violations of the microelement status,
is the ground for the search for effective measures of
reducing the “lead pressure” on the health of the child
population.

Keywords: environment, lead, children’s health,
biosubstrates.

Research relation to the programs, plans, and
department themes. The work is a fragment of the
research “Hygienic diagnostics of the formation of
ecologically dependent microelements in the popula-
tion of the industrial region and their prevention”. The
state registration number is 0114U005582.

Introduction. The constant increase of technolo-
gy-related impact on the human health is an inherent
part of industrialized areas [1, 2], on the other hand,
the lack of vital elements in the environment contrib-
utes to the deterioration of public health. Widespread
chemical environmental toxicants include lead, which
is included by the WHO in the list of priority pollutants,
the so-called “black dozen” [3, 4]. Taking into account
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the fact that lead is able to accumulate and remain in
the body for a long time, it is especially dangerous for
children [5]. Nowadays it is also important to identify
regional features of the microelement status of chil-
dren, who are living in the conditions of constant pol-
lution by heavy metals (HM), including the lead and to
establish the degree of its impact on the body to de-
velop the recommendations for the prevention mea-
sures of environment-related conditions in children. It
is important to note that the prolonged intake of this
toxicant in the body mostly occurs in concentrations
that do not exceed the relevant hygienic standards.
However, high cumulative properties, active involve-
ment in the metabolic processes and enough long pe-
riod of elimination cause a permanent increase of its
content in the body. That’'s why, one of the promising
areas in this context is the study of biological media of
the human body, which, due to the increased sensitiv-
ity and selectivity of chemical analysis can be reliable
and informative bioindicators that more accurately re-
flect changes in the human health.

The purpose of the research was to evaluate
the low-dose effects of lead on micronutrient status
and pre-nosological health indicators of preschool
children’s health, who are living in the conditions of its
constant exposure.

Material and methods of research. Hygienic
monitoring and comparative characterization of the
lead, copper and zinc content in the various life-sup-
porting objects of the environment: atmospheric air,
water and food of two industrial districts of Dnipro and
“conditionally clean” area of non-industrial city, which
was selected as a control, during 15 years. To assess
the pre-nosological state of health of the child popula-
tion, 46 children from one of the children’s preschool
institutions (CPI) of Dnipro of the first industrial district
and 57 children of CPI of the second one, aged from
5 to 6 years were examined at the same time. To com-
pare determinant of health of the children from indus-
trialized areas, an assessment of 20 children of the
control area was conducted according to the similar
scheme. The choice of children population was done
due to the significant intensity of metabolic processes
due to its intensive growth and development in com-
bination with infantility of regulatory systems, which
caused the significant sensitivity to the chemical en-
vironmental factors. The above-listed, in combination
with a probable deficiency of essential elements in the
child’s body at this important age, conduct the reduc-
tion its resistance and ability to adapt to the environ-
ment.

All experiments were conducted in accordance
with the Council of Europe Convention “On the Pro-
tection of Human Rights and Dignity of the Human
Being with regard to the Application of Biology and
Medicine Application of Biological and Medicine
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Achievements (ETS No. 164)” dated 04.04.1997, and
the Helsinki Declaration of the World Medical Asso-
ciation (2008). Parents of each study patient signed
an informed consent to participate in the study and
all measures to ensure anonymity of patients were
taken.

Considering that the most informative markers of
the influence of chemical elements in ecological and
hygienic researches and early clinical diagnosis of
microelementosis are those tissues and organs that
are able to deposit and accumulate these elements,
the content of lead, copper and zinc were found out
in children’s indicator bioenvironments: venous blood,
hair, baby teeth, nails. The choice of selected bioen-
vironments was, firstly, due to the fact that microele-
ment composition of blood and urine were the first to
respond to increasing levels of chemical elements [6],
secondly, due to the fact that nails, baby teeth and hair
were informative material for a long-term HM income
through the special mechanism of microelement ac-
tions: they rigidly fixed the composition and ratio of
substances that got into them during their growth [7].

The studies were performed by atomic absorp-
tion spectrophotometry on an atomic absorption spec-
trophotometer (AAS-1N) in the propane-butane-air
mixture and inductively coupled plasma spectrometry
according to the existing methods [8, 9]. To study the
effect of the lead on the body of children, a biochem-
ical marker of its constant exposure - the content of
delta-aminolevulinic acid in urine (5-ALA) was stud-
ied. The concentration of 8-ALA in urine increases in
proportion to the increase of lead in the blood, due
to its ability to block SH - groups of enzymes of por-
phyrin metabolism, and therefore this enzyme is clas-
sified as an early and specific indicator of microsat-
urnism. Determination of 6-ALA activity in urine was
performed by biochemical method [10]. The analysis
of the results was performed in comparison with exist-
ing physiological norms [8].

Statistical processing of research results includ-
ed the calculation of the primary statistical indicators;
identification of differences between groups on sta-
tistical grounds; establishing the relationship between
variables using the licensed software packages for
statistical analysis Statistica v.6.1 (Statsoftinc., USA,
license number AJAR909E415822FA), Microsoft Ex-
cel. Pearson and Spearman correlation coefficients
were used to determine the relationships between the
studied traits. Correlations were considered statisti-
cally significant at p <0.05 [11].

Research results. During the hygienic monitor-
ing of lead, copper and zinc it was found that in the air
of the monitored residential areas of the industrial city
metals were detected in the concentrations that did
not exceed the maximum allowable concentrations on
average, except for copper, where the concentration
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exceeded by 4.3 times. At the same time, the results
of research of the lead content in the air of the mon-
itored areas in comparison with the control one indi-
cated its statistically significant excess of both maxi-
mum and average monthly concentrations (p <0.001).

Comparing our results with the average data of
other industrial cities, it was determined that the con-
tent of copper and zinc in the atmosphere of the ob-
servation areas exceeds 1.5-2 times the correspond-
ing data in unpolluted areas [12].

In the tap water of the observation areas, lead,
copper and zinc were registered in concentrations
that were not higher than the corresponding TLV on
average annual values. In some periods, the lead
content in the water of industrial areas was observed
at the level of the TLV. At the same time, the concen-
trations of these metals exceeded the literature data
for drinking water from the surface water intakes in
technologically uncontaminated areas in 16; 1.5; and
3 times, respectively [13].

The results of the analysis of HM content in the
regional food products show that lead is constantly
detected, but in concentrations not exceeding the
TLV, except for the group of dietary fats (2.5 times).
There was a significant (p <0.05) excess of the av-
erage annual concentrations of the lead in the local
food products of industrial areas compared to the con-
trol one. The obtained results of the lead content in
the food coincided with similar data of other authors
for the industrial areas [14]. Moreover, the microele-
ment composition of food did not correspond to the
biological value. Thus, if the concentrations of copper
were at the lower levels of biological values, the zinc
content was up to 5 times lower than the biological
norm [15]. In contrast to the results of the study of
lead in products of the control area, the inverse pat-
tern of copper content was found: content of fats was
increased by 1.7 times and zinc content was by 1.2-2
times higher in meat and milk, respectively, compared
with products of the industrial areas.

From the standpoint of the toxicokinetic patterns,
biomonitoring of abiotic metals in different biosub-
strates has different informativeness regarding the
time of entry of these substances into the body. Thus,
if the blood is an indicator of the recent arrival, the
urine — of the long-termed one. This fact is mainly due
to the renal route of excretion of HM from the body,
for example, 75% of lead is excreted by this way [1].
In the analysis of the obtained results, the increased
content of lead in the biosubstrates of the examined
children of industrial areas has been found. These
data confirmed the regular intake of the lead from the
various environmental objects, which in different ways
forms its complex effect on the child’s body and could
further lead to the manifestation of symptoms of satur-
nism. Thus, the reference content of lead in the blood
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of the examined children, residents of the first indus-
trial district, was by 1.6 times, the second was almost
5 times higher than the normative level (p<0.001). In
the blood of children from the control area, lead was
determined in an average amount that corresponded
to the limits of physiological fluctuations and back-
ground values in children of uncontaminated areas.
The average content of copper in the blood was at the
physiological level in children of all areas of observa-
tion. However, the amount of zinc was below the nor-
mal level by 7-49% (p<0.001), which was especially
dangerous against the background of increased lead
content in the body, as it could conduce the formation
of zinc deficiency in children [16].

Our previous studies [5, 12] showed that HM had
different intensities of renal elimination from the body
depending on the degree of their essentiality. These
data were the evidence of the presence of differen-
tiated elimination of biologically different values of
HM in the body and was one of the manifestations of
general biological laws of adaptation in conditions of
industrial-related influences. Due to the above-listed,
the results of lead content in the urine of examined
children of both industrial and control areas were an-
alyzed. The results showed that this metal was de-
termined in concentrations higher than the normative
[13, 17] by 6.4-11.2-12.8 times (p<0.001), respective-
ly, which could be regarded as a metal carrier or the
initial stage of intoxication of the body.

These data were typical for 33-66% of preschool-
ers in the industrial areas and 12% of the control one.
The fact that the lead content in the urine of children
from the relatively clean area also exceeded the
norm may be the evidence of the long-term intake of
small concentrations of this xenobiotic from the envi-
ronment. In terms of copper and zinc, their average
concentrations in children of different areas were at
the level that exceeded the limits of physiological fluc-
tuations, which confirmed the assumptions about the
antagonistic interaction of these microelements with
lead.

The hair of the monitored preschoolers of indus-
trial districts contained lead in concentrations that
were by 2-3.5 times higher than in children of the con-
trol district, but were at the limiting level of 8-9 pg/g
recommended by |I. M. Trachtenberg and others [18,
19].

It should be emphasized that 73-78% of the sur-
veyed children in industrial areas had a higher content
of lead in their hair than the standard. The average
content of zinc in the hair of children of the second
industrial area was 80% of physiological value, in the
hair of children of the first area the concentration of
zinc was even lower and comprised 40%. The copper
content was normal in the first area, and in the second
was 48% of norm. Deficiency of micronutrients in chil-
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dren was probably associated with their deficiency in
children’s nutrition, which was unbalanced, as well as
with some metabolic disorders in the body due to bi-
ological antagonism of these vital elements with lead
[16, 18].

Studies showed that the lead content in the nails
of children in the industrial areas was 3.2 times high-
er than the normative values. The content of copper
corresponds, and zinc was much lower than physi-
ological values and data from literature sources
(Cu - 11-53 pg/g, Zn - 100 pg/g) [17].

The content of lead in deciduous teeth, as a
marker of long-term intake of this toxicant in children,
in industrial areas exceeded the WHO recommended
physiological norm by 4.6 times, in control children it
was at its level [4]. The high content of lead was deter-
mined in the deciduous teeth of all examined children
of the industrial areas.

The increase of the lead concentrations in the
biosubstrates of the examined children was naturally
accompanied by an increase of the activity of d-ami-
nolevulinic acid in the urine as a biochemical marker
for this toxicant. Its level was higher than the recom-
mended norm (1.6 mg/g creatinine) for children from
the industrial areas by 1.2 and 1.9 times [20]. It should
be emphasized that the increase in the concentration
of 8-ALA was found in 51% of the surveyed children
of the first industrial area and 89% of the second and
indicated a tension of porphyrin metabolism in their
body due to the exposure to lead. For children in the
control area, this value was significantly lower. The
level of 8-ALA in the urine of these children did not
exceed the norm in all studies.

Discussion of the obtained results. Thus, in
the conditions of industrial districts of the city there
was a systematic and complex intake of such a prior-
ity regional pollutant as lead by the child’s body. The
fact of reducing the intake of micronutrients, espe-
cially copper and zinc, which are especially import-
ant for children’s growth and development, is alarm-
ing. It should be emphasized that this circumstance,
combined with the inherent biological antagonism of
lead with these substances, generally potentiates its
adverse effects on the health of children, which can
cause the lead-associated changes [21].
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Despite the relatively low external concentrations
of HM in the objects of environment, such an abiotic
metal as lead was determined in high concentrations
in the body of children from the industrial areas, which
can be explained by long-termed, constant and com-
plex intake by body of the child with air, water, food,
which forms a significant internal pollution [17, 22].

A comparative analysis of our biomonitoring data
confirmed the assumption of a more significant tech-
nogenic associated load on the child’s body in the in-
dustrial areas of the city.

Conclusion

1. On the basis of long-term observations, we gave
a hygienic assessment of the aspects of lead
migration and certain metals in the system “source
of pollution - environment - the child’s body”.

2. We determined a statistically significant (p<0.001)
excess of lead content in the biosubstrates of
children from the industrial areas compared with
control area children: from 15.6 ug/dl to 45.9 pg/
dl in the blood, from 0.16 pg/ml to 0,32 mcg/ml in
urine, from 5 mcg/g to 23.23 mcg/g in deciduous
teeth, which was 5-7 times higher than the
existing standards and was found in 50-100% of
examined children, which proved the technogenic
origin of the lead.

3. A certain deficiency of essential microelements,
such as copper and zinc, increased the negative
impact of lead on the body of one of the most
sensitive parts of the population, children.

4. The obtained data on the relationship between
the accumulation of macro- and micronutrients in
children’s biosubstrates and the ecological state of
the environment in the place of residence of these
children significantly expanded the possibilities of
managing public health by correcting micronutrient
imbalance.

Prospects for further research. The results of
the conducted research allowed to scientifically sub-
stantiate the need for the further research on the de-
velopment and implementation of effective measures
to prevent the negative effects of lead on children of
the industrial contaminated areas, in order to increase
the adaptive reserves, accelerate rehabilitation and
improve the health of children.
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MpoBeaeHo ririeHIMHUI MOHITOPUHT BMICTY CBMHLIKO, Mifi Ta LUHKY B aTMoccepHOMY MOBITpi, BOAI Ta Npo-
OyKTax xap4yyBaHHS ABOX MPOMUCIIOBUX PaNoOHIB M. [JHINPO Ta «YMOBHO YMCTOrO» pamoHy HEMPOMUCITOBOIO
MicTa. [Ins OuiHKM AOHO30MOrMYHOro CTaHy 340POB’A AUTAYOr0 KOHTUHIEHTY OgHOYacHO obecTexeHo 46 Ta 57
OiTen 3 AnTAa4Mx OOLUKINbHMX 3aKknagiB panoHiB CnocTepexeHHs BikoM Big 5 fo 6 pokis Ta 20 aiTen KOHTPOsb-
HOro parioHy 3a aHanoriYHo CXEMOLO.

CepegHin BmicT ceuHLt0 B kpoBi 70-100% aiten npommncnosux panoHis B 1,6-5 pasis BuLLEe HOPMAaTUBHOIO
iy 9,5-30 pasiB - KOHTpOnbHOrO. Y cedvi 33-66% obcTexeHux Aiten NpOMUCIOBUX PanioHiB i 12% fiTen KoOHTp-
ONbHOro KOHLUEHTpaUii CBUHLIO BuLle HopMaTuey Yy 6,4-12,8 pasis. Bonoccsa OOWKINbHAT MICTATb CBUHELb B
KOHLEeHTpauisix, Sk BignosigawTb AOMyCTUMOMY piBHIO, ane B 2-3,5 pa3un BULLi, HdK Y AiTEeN KOHTPOMbHOro
paviony, LWo BusBMeHo y 73-78% obctexeHnx. KoHueHTpauis cBuHLI0 B 3ybax AiTelt NpOMUCIOBUX PanoHiB 3a
cepefHiMK 3HaYeHHsMN y 4,6 pasn BuLLa 3a HOPMATUBHOIO PiBHS, pekoMeHoBaHoro BececBiTHLOW opraHisa-
LiiEl0 OXOPOHW 300PO0B’A, a B HIrTax - y 3,2 pasu nepesuLLye poHOBI 3HadeHHA. BmicT migi B ycix 6iocybeTpartax
[iTen BU3HAYEHU Ha piBHi (bi3ionoriyHoro, a UMHKY — Hwk4nii Ha 49-80%. MigBuLLIEHMI BMICT CBUHLIO B Oio-
cybcTpaTtax cynpoBogKyeTbcs 3binbLueHHAM akTuBHOCTI O-AJTK B cevi y AiTe NpoMMcnoBux panoHiB B 1,2
1,9 pasu y NOpiBHSIHHI 3 peKOMEHA0BaHOK HOPMOH, WO cnocTepiranoca y 51-89% obcTexxeHux.

BusiBneHi 6ioximMiyHi MOpYLUEHHST B OpraHi3Mi fitern cBigyaTb Npo noyaTtok PO3BUTKY MIKpOCaTYypPHI3MY, LLO
Ha OOHI MNOpYLUEHb MIKPOENEMEHTHOIO CTaTyCy, € OOIPYHTYBaHHAM MOLIYKY e(heKTUBHUX 3aCO0IB 3HIDKEHHS
«CBWHLEBOrO NPECUHIy» Ha 300POB’St AUTAYOro HaceneHHs.

KnrouoBi cnoBa: foBKinnsi, CBUHELb, 300pOB’a Aiten, biocybeTpartu.
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BUOXUMUNYECKUE NOKA3ATEJIN AETCKOINO MUKPOCATYPHU3MA

AHTOHOBa E. B., 3emnsikoBa T. [1., Be3y6 O. B.

Pe3tome. Llenbio pabomsi ObINO OLEHUTb HU3KOA030BOE BMMSHUE CBMHLA HA MUKPOINIEMEHTHOE COCTO-
SIHME 1 OOHO30M0TMYECKMEe NoKasaTenu 300opoBbs AeTel AOLKONbHOMO BO3pacTa, NPOXMBAOLWUX B YCITOBUSX
MOCTOSIHHOIO €ro BO3OEeNCTBUS.

MpoBedeH rmrmeHnYecKnii MOHUTOPUHI COAEPXKaHUSA CBUHLA, Mean U LiMHKa B aTMOCEpPHOM BO3AYXe,
BOAE M NMpoayKTax nNUTaHusa ABYX MPOMbILMEHHbLIX ParloHOB I [lHenp n «ycrnoBHO YNCTOroO» panoHa Hernpo-
MbILLIIEHHOTO ropoaa. [ns oLeHKM JOHO30/10rM4YeCKOro COCTOSHUS 300POBbS AETCKOro KOHTMHIEHTa O4HOBPe-
MeHHO obcrnenoBaHo 46 1 57 aeten N3 AeTCKUX OOLUKOMbHbBIX YYPEXAEHMI panoHOB HabnoaeHus B Bo3pacTe
oT 5 0o 6 net n 20 geten KOHTPONBLHOrO parMoHa NO aHaNoOrM4YHON cxeme.

CpenHee cogepxaHue ceuHua B kpoBu 70-100% peTelt NpOMbILLIEHHBIX paioHoB B 1,6-5 pas BhiLle Hop-
mMaTmBHoro 1 B 9,5-30 pa3 — KOHTponbHOro. B moye 33-66% obcnefoBaHHbIX AeTEN MPOMbILLNEHHBLIX PanoHOB
n 12% p[eTten KOHTPOIbHOIo KOHLIEHTPaLUnN CBMHLA Bbille HopMaTtuea B 6,4-12,8 pa3. Bonocbl A0LWKONBHMKOB
copepaT CBUHEL, B KOHLEHTPALMsIX, KOTOPblE COOTBETCTBYIOT JOMYCTMMOMY YPOBHIO, HO B 2-3,5 pa3sa Bbille,
YeMm y AeTen KOHTPONbHOro parioHa obHapyxeHo B 73-78% obcnenoBaHHbIX. KOHUEHTpauusa cBuHUa B 3ybax
Jetein NPOMbILLSIEHHbLIX PANOHOB MO CPeaHNM 3HadYeHnaM B 4,6 pasa Bbllle HOPMAaTUBHOIO YPOBHS, PEKOMEH-
[oBaHHOro BcemMmnpHon opraHusaumein oxpaHbl 340pOBbsl, a B HOITSX — B 3,2 pas3a npesbiwaeT OHOBbIE 3Ha-
yeHus. CogepxxaHme mean Bo Bcex bruocybeTpatax aeten onpeaeneH Ha ypoBHe (orM3nMonornyeckoro, a LiMHka
— Hwxe Ha 49-80%. lNoBbILEHHOE coaepxaHme CBMHLA B BruocybcTpatax ConpoBOXAaeTCs yBENMYEeHNEM aK-
TMBHOCTU O-AJIK B MoYe y AeTen NpoMbILLNEeHHbIX painoHoB B 1,2 1 1,9 pasa No cpaBHEHMIO C peKOMeHyeMOoN
HopmoWn, Habnoganock B 51-89% obcnegoBaHHbIX.

BbisiBNeHHble BMOXMMUYECKMEe HapyLleHUs B OpraHvM3me AeTerl CBMAETENbCTBYHOT O Hayane pasBuTus
MUWKpPOCaTypHM3Ma, YTO HA DOHE HapyLLUEHUA MUKPOINEMEHTHOMO CTaTyca, SBNsSeTcss 0O0CHOBaHNEM MoMcKa
3O (PEKTUBHBIX CPEACTB CHMXKEHUS KCBUHLOBOIO NPECCUHra» Ha 300pOBbE AETCKOro HaceneHus.

KnroueBble crnoBa: okpyxarLas cpega, CBMHeL, 300poBbe aeten, bnocybectparsol.
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