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For the industrially developed territories, the problem of anthropogenic
pollution of the environment is not just relevant, but also exacerbates on a
qualitatively new level in connection with a significant deterioration of almost
all indicators of population health, especially of the children’s health. Among
the large variety of factors that affect people, the leading place belongs to the
chemicals. Lead (Pb) is the most global and potentially dangerous toxicant
among them. The lead stress of the environment proved the significant
deterioration of children’s health. Preschool children who live in the
environmentally unfavorable conditions constitute a risk group for the
breakdown of the adaptation of homeostatic mechanisms. Namely the lead, even
in small doses, has its unfavorable effect on the health of children, causing
disorders of mental, physical and psycho-physiological development.

We have carried out a complex hygienic study of lead content in the
environmental objects and biosubstrates of the 115 preschool children living in
the conditions of increased influence of this toxicant and studied their
psychophysiological features. The complex lead stressing of the children from
an industrial city was 22.2% higher than that of preschool children living in the
suburban area. The elevated levels of Pb in the biosubstrates, an increased 6-
ALK activity, and disorders of psychophysiological indices of the industrial city

children were determined.
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The comparative analysis of the biomonitoring data confirmed the
assumption of a more significant human impact on the child's body in the
industrial districts of the city. 70-100% of the surveyed children of industrial
areas had lead concentration in blood at the level causing intellectual disruption.
These children are in risk group of developing a chronic lead intoxication. 20%
of children in the first observation area had 7-10 mcg / | of lead concentration in
blood. This means they are approaching the potential risk group.

Having assessed the results of the biomonitoring we can conclude that
despite the relatively low external concentration of heavy metals in the
environmental objects, such abiotic metal as lead was determined at elevated
concentrations in organisms of children of industrial areas, which may be
explained by its prolonged and continuous flow into the child’s body with air,
water, and food. Children living in industrial areas of the city have an excess of
normative values of lead concentration in blood by 60-100%, in urine — by 33-
66%, in hair — by 73.1-78.6%, and in the teeth — by 100% of the examined. The
largest amount of lead in preschool children's bio-substrate was registered in the
second surveyed industrial region, which is 2-4.5 times higher than the data of
children in the first district. Statistically significant (p <0.001) excess of lead in
bio-substrates of industrial area children was established in comparison with
control group children. The fact, that lead was defined both in organisms of
children living in technogenic areas and in those living in almost pure areas, is
another proof of the global distribution of lead in life-supporting environments
and emphasizes its potential danger for the child's body even in small
concentrations in the environment.

Thus, there is a systematic introduction of such a priority regional
pollutant, as lead with air, drinking water, food into the body of a child in the
industrial districts of the city. It is alarming that there is a decrease of getting

copper and zinc with food as particularly important microelements for the



growth and development of children. It should be emphasized that this
circumstance, together with the biological antagonism of these substances with
lead, as well as the tropism of lead to the nervous system and psycho-emotional
sphere, increase the potentially adverse effects on the health of children.

The obtained data confirm the necessity of revision of the relevant
standards concerning the content of lead in various environmental objects,
taking into account the total daily norm.
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Research relation to the plans, programs and department research
themes. The study was carried in accordance with the research plan of the State
Institution “Dnipropetrovsk Medical Academy of the Ministry of Health of
Ukraine”: “Hygienic diagnostics of formation of ecologically dependent
microelementozes in the population of the industrial region and their
prevention”, state registration number 0114U005582.

Introduction. The deterioration of the environment situation, especially
in the industrial regions, leads to the increased inflow of the xenobiotics in the
human body, which contributes to the growth of the environmentally determined
pathologies, complicates the course of the various diseases, and causes the
changes of the nonspecific resistance. Prolonged action of these substances even
in small doses of causes the development of nonspecific syndrome of functional
maladaptation of population.

For the population that lives in the territories of the intensive technogenic
stressing, which includes a powerful industrial center — Dnipro, the group of the
environmental factors acquires an increased value [5]. Irremovable
strengthening of the technogenic stress on the human body contributes to the
deterioration of the population health and above all — of the children as the most

sensitive contingent. In the spectrum of the chemical pollutants, Pb has a special



place. As a global and potentially dangerous toxicant it is widespread in the all
lifeproviding environmental objects. It is listed as a priority pollutant by a
number of the international organizations, including WHO and UNEP. Pb is
especially dangerous for the child's organism; specialists associate the disorders
of the physical and intellectual development of the child with its influence [7].
Up to the present moment, when analyzing the environmental impact, scientists
used such a way as evaluating the existing level of the surveyed population
health and determined the factors that had predetermine it. Searching the ways
to manage the population health justifies the necessity for studying the processes
of its formation [1].

The purpose of the work was to study the nature, degree and the main
laws of environmental Pb influence on the prenosological health indicators and
psychophysiological status of the children population of the industrial city.

Material and methods. The research was carried out during 4 years, in
Leninsky and Samarsky industrial districts of Dnipro. Leninsky district is
characterized by saturation of the industrial metallurgical enterprises. Samarsky
district has the facilities for manufacturing and processing of the batteries. Thus,
both of them have difficult environmental situation. The districts differ in the
location, nature and intensity of the air pollution, water supply system, terrain,
etc. A conventionally "clean™ rural district, located in the recreation area of the
city of Novomoskovsk of the Dnipropetrovsk region was taken as the control
one. We analyzed the average monthly samples of the air, drinking water and
the local food products with the help of atomic absorption spectrophotometry;
daily diets were analyzed on the Pb, zinc, and copper content. Zinc and copper
were assessed as very important microelements for the growth and the
development of children.

In order to determine the Pb influence on children's organism, it was

provided a comprehensive clinical and hygienic examination of the 115



practically healthy preschool children aged 5-6, who permanently lived and
attended kindergartens in the observation areas. The selection of children was
conducted in accordance with the requirements of analytical epidemiology on
the principle of the homogeneity, without chronic diseases, as well as taking into
account the absence of professional contact, bad habits and the average material
income in their families [3].

Surveyed pre-school children had a biomonitoring of the lead, zinc and
copper in the indicator biological substrates (blood, urine, hair, milk teeth) using
the atomic absorption spectrophotometry. We also evaluated the level of the
delta-aminolevulinic acid (6-ALK) in the urine as a specific biochemical marker
of action in the diagnosis of the microsurgery. The 3-ALK value was calculated
on the 1 g of creatinine. The evaluation of the obtained data was carried out
taking into the account the literature data, as well as the existing physiological
norms. Psychophysiological testing was carried out in the morning and the
afternoon individually in the specially designated premises. Tests were made up
to help evaluate the level of the development of the intellectual abilities
(attention, thinking, auditory and visual memory), arbitrary regulation of the
activity (ability to act according to the task), strength and endurance of the
nervous system. The results were processed using the traditional methods of the
variation statistics [4].

Results and discussion. During Pb monitoring in the air of residential
areas of the observed districts, in the drinking water of Dnipro and
Novomoskovsk, and regional food products, this metal was determined in such
concentrations that the average annual values practically do not exceed the
corresponding normative values although they were above the background.
These circumstances created the conditions for the comprehensive influence of
Pb on the health of population and, on the first place, on children as its most

sensitive category.



It was determined that the total Pb intake (IT) by Dnipro city children
with the air, drinking water, and food was at the average values is 0.08-0.09 mg
/ day, which is 22.2% higher than in the control city [6 ]. Copper IT in the
children’s body practically corresponded to the physiological necessity
according to the average values. But zinc IT was 5 times lower than required for
a healthy child. It should be added that the actual nutrition of the children in
Dnipro city is imperfect and unbalanced as for the all major macro- and
micronutrients, particularly due to the insufficient supply of the physiological
antagonists of Pb on the background of the protein deficiency, which in turn
increases the toxic effect of the lead [2].

A comparative analysis of the data obtained from our biomonitoring of the
lead, copper and zinc confirmed the assumption of a more significant
technogenic stress of the child's body in a big industrial city. Thus, the average
Pb content in blood of the surveyed children, living in Leninsky district is 1.5
times higher than the normative one. The results of children from Samarsky
district were almost 5 times higher than the normative, which may be due to the
peculiarity of the pollutant enterprise located in the district. In blood of the
control district children, the Pb was defined in the average amount that
corresponds to the limit of the physiological fluctuations and background values
of the children in the unpolluted territories. The average Cu content in blood of
the children of all areas of observation was at the physiological level, and the
amount of Zn was lower than the normal level by 7-49%, which may contribute
to the development of zinc deficiency in these children.

Analysis of Pb results in the urine indicates that it was determined in the
examined children in both industrial and control districts. Average
concentrations in comparison with norms were 6.4-11.2-12.8 times more and
can be considered as a metal carrier or initial stages of the intoxication of an

organism. This indicator of preschoolers in industrial districts was raised by 33-



66% and by 12% of the control group. The fact that Pb content in urine of the
children of a conditionally clean area also exceeds the normative may be a proof
of the long-term income of small concentrations of this xenobiotic from the
objects of the environment, mainly from food, and confirms the view of the
increasing importance of vehicles as the etiology of Pb intoxication, even in the
rural areas. As for Cu and Zn, their average concentrations in children of
different regions were at the level exceeding the physiological oscillations
limits, confirming the assumption of the antagonistic interaction with Pb.

The hair of the surveyed Dnipro preschoolers [7] contained Pb in
concentrations that were 2-3.5 times higher than in children of the control
district and were at the children's limiting level of 8-9 ug / g recommended by
I. M. Trachtenberg and B. A. Revich. It should be emphasized that 73-78% of
the surveyed children of the industrial areas had higher Pb content in hair than
the given norm. The average content of Zn in the hair of Samarsky district
children was 80% of the physiological value, in the hair of Leninsky district
children it was only 40%. The content of Cu in the first district corresponded to
the norm, while in the second it was 48% of the norm.

The average Pb content in teeth of the children from industrial regions
was 4.6 times higher than the physiological norm recommended by the WHO,
and the control children had it on the border. Such a high Pb content is
determined in milk teeth of all examined children from the industrial area. Thus,
the content of Pb in all biosubstrates of surveyed children living in the industrial
areas of the city exceeds the normative values and values obtained in the control
area. These data confirms the systematic Pb income from various environmental
objects, which forms its complex effect on the body in various ways.

The Pb increasing in biosubstrates is accompanied by increasing of 6-
ALK activity in children's urine as a type-specific biochemical marker for this

toxicant. Its level is above the recommended norm for children by 1.2 and 1.9



times. It should be emphasized that the assessment of individual results
established that 51% of the examined children in the first district and 89% of the
second one have an increased 6-ALC concentration. It indicates the stress of the
porphyrin metabolism in their body due to Pb influence. For the children of the
comparative city, this value was significantly (p <0.01) lower. It should be
emphasized that the level of the 6-ALK in urine of the children of a
conditionally clean area did not exceed the norm in all surveyed.

The psychophysiological study that has been carried out by us, allowed
revealing the changes of the functional state of the central nervous system of
preschoolers in the industrial districts. These children, compared with the
children in the control area, have the slowed down reaction rate, the poorly
developed biliary coordination, the slowed down fine motor skills, the violated
logically determined order of the tasks. These changes are the evidence of the
severe neurodynamic disorders and violations of the higher forms of regulation
and cortical functions.

Thus, it was established that preschool children living near the industrial
zone have a significant decrease of the psychophysiological indicators because
of Pb accumulation in the biosubstrates and changes in the porphyrin
metabolism compared with the children of the control group.

Conclusions. The obtained data allowed establishing the increased Pb
stressing of preschool children living in the industrial city compared with the
control group. It is not only accompanied by a significantly higher frequency of
the psychophysiological disorders but is also correlated with the content of this
toxicant in the air, food and the total daily intake. All these facts confirm the
conclusion about the negative influence of Pb on children’s health in conditions
of technogenically polluted areas.
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Pe3iome. Jlns mOpoMHUCIOBO  PO3BHUHEHUX  TEPHUTOPiH  mpobiema
aHTPOIIOTEHOT0  3a0pYyJHEHHST HABKOJIMIIHBOTO CEpPEJOBHUINA HE TUIbKU
aKTyalbHa, aJe i 3aroCTPIOETHCS Ha SIKICHO HOBOMY PIBHI Y 3B'SI3KY 13 3HAUHUM
MOTIPIICHHSIM Maiibke BCIX MOKAa3HUKIB 370POB'S HACEJIEHHS, 0COOIUBO 3/I0POB's
nmitert. Cepenl BEIMKOro po3MaiTTa (akTopiB, SKI BIUIMBAIOTH Ha JIIOJEH,
NPOBIJHE MiCllE HAJEKHUTh XIMIYHUM pEUYOBHHAM, 1 cepell HUX HaOUIbII
1JI00aJbHUM Ta MOTEHILIMHO HEOE3MeYHUM TOKCHMKAHTOM € cBUHEINb (Pb). litu
JOLIKUTBHOTO BIKY, SIKI IPOYKUBAIOTh Y €KOJIOTIYHO HECHPUSATIMBUX yMOBaxX, €
rpyna pusuky. CBUHELb, HaBIThb y J03aX, SKI HE NEPEBUIIYIOTh TITI€EHIYHI
periiaMeHTH, Ma€ HECHPUSTIMBUN BIUIMB Ha 3J0pOB'S JITeH, BUKIUKAIOYU
MNOPYIIEHHS IICUX1YHOTO Ta (PI3UYHOTO PO3BUTKY.

[IpoBeneHO KOMIUIEKCHE Tiri€HIYHE BUBYEHHS BMICTY CBHMHIIO B 00'€KTax
HaBKOJIMIITHBOTO cepeJoBHIa Ta O6iocydcTparax 115 miTel JOMIKIIBHOTO BIKY,
K1 )KMBYTh B YMOBaXx IIIJIBUILIEHOTO BIUIMBY LIbOIO TOKCHKAaHTa Ta OIL[IHEHI iX
ncuxo@dizionoriydi ocobmuBocTi. KomruiekcHe HaBaHTa)KEHHS CBUHIIEM JIITEH
IIPOMHUCIIOBOTO MicTta Ha 22,2% BuUllEe, HDK Yy AITE€H AOIIKUIBHOTO BIKY, SKi
MEIIKAIOTh Yy «YUCTIW» 30HI. BusHaueno migBumenuii BMicT Pb 'y
OiocyOcTparax, migBuieHa akTUBHICTH O-AJIK, posnamu ncuxodizionoriyHux
MOKa3HUKIB y AIT€l MPOMUCIOBUX PANOHIB.

Kuro4oBi cjioBa: cBUHEIb, JOHO30JI0TIYHI 3M1HH, 3JI0POB’SI TOIIKIJBHSAT.
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Pe3tome. [l OpOMBINIIIGHHO Pa3BUTHIX TEPpUTOpUN  Tpobiiema

AHTPOMOTEHHOI0 3arpsA3HEHUs] OKPY>KAIOIIe cpeabl HE TOJIbKO aKTyallbHa, HO U



00OCTpsIeTCSI Ha Ka4eCTBEHHO HOBOM YPOBHE B CBS3M CO 3HAYUTEIHHBIM
YXYAIICHUEM MHOTHUX I[IOKa3aTesle 370pOBbs HACENeHHs, OCOOCHHO JeTel.
Cpenn OombIioro pasHooOpas3usi (HaKTOpOB, KOTOpPHIE BIUSIOT HA JIIOJCH,
BeJyIllee MECTO MPUHAUICKUT XUMUYECKUM BEIIECTBAM, U Cpeid HUX Haubosee
rJ1I00aJIbHBIM U TMOTEHLUAIBLHO OIMACHBIM TOKCHMKAaHTOM siBisieTcsi cBuHen (Pb).
JletTh  JOMIKOJABHOTO  BO3pacTa,  MPOXKUBAIOIIME B DIKOJIOTUYECKHU
HEOJAronpUsITHBIX YCIOBUSIX, SIBISIOTCA Tpynmnoi pucka. CBUHEN, Jaxe B
033X, HE  TPEBBIMIAIONIUX  TUTUEHUYECKUE  PErjaMeHThl,  HUMEET
HeOJIaronpusiTHOE BO3JICUCTBUE Ha 370pOBbE JETEH, BbI3bIBAS HAPYIICHUS
MICUXUYECKOTO ¥ (PU3UUECKOTO Pa3BUTHSL.

[IpoBeIeHO KOMILIEKCHOE TUTUEHUYECKOE U3YUEHUE COACPKaHUsl CBUHIIA
B 00BEKTax OKpYyXkaroien cpeapl u OuocyoOctpatax 115 merel TOMIKOJIBHOTO
BO3pACTa, JKUBYIINX B YCIOBUIX MOBBIIIEHHOTO BO3IEMCTBUS 3TONO TOKCUKAHTA,
OLICHEHBI NICUXO(]HU3MOJIOrHYecKue Nokazarenu aereil. KommiekcHas Harpyska
CBUHIIOM JIET€M MPOMBIIIJICHHOTO Topoja Ha 22,2% BbIlle, 4eM Yy JeTeu
JIOIIKOJIBHOTO BO3pAacTa, MPOKHUBAIOIIMX B «YUCTOM» 30HE. OnpeneneHo
MOBBINICHHOE cojzepkaHue Pb B OmocyOcTparax, MOBBIIIEHHAS aKTHBHOCTH O-
AJIK, paccrpoiictBa TCUXO(PHU3MOIOTHYECKUX TOKa3aTelel y  JeTel
IIPOMBIILICHHBIX PAOHOB.

KarwudeBble cioBa: CBUHEI, JOHO30JIOTMYECKUE H3MEHEHUS, 3J0POBHE
JOTITKOJIBLHUKOB.
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