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Modern aspects of the problem of influence of heavy metals in the environment
on women's reproductive health

Introduction. The current situation in Ukraine is characterized by the deterioration of the environment, which requires comprehensive
and effective actions from the public health system, aimed, among other things, at the early detection of negative environmental factors and the
prevention of their influence. Chemical factor from the standpoint of hygienic significance occupies a priority place in the spectrum of harmful
factors of the conditions of human existence, and heavy metals are the most dangerous environmental pollutants, which have a wide range
of negative consequences from violations of the trace element composition to toxic effects and effects on the generative function of a person.
External exposure to cadmium, as one of the widespread toxicants, is especially dangerous for pregnant women.

The aim of the study. Determination of the influence of cadmium contained in environmental objects on the level of internal pollution of
the body of pregnant women and the frequency of manifestation of preeclampsia among women of the Dnipropetrovsk region.

Materials and methods. The research program included an assessment of the cadmium content in life-saving environmental facilities and
biological substrates of 89 healthy pregnant women by the atomic absorption method, as well as a retrospective analysis of data of the primary
statistical documentation on the complication of pregnancy.

Results. It was established that cadmium is constantly present in environmental objects in concentrations that are within the limits of
normative values, but exceed the background levels and the results of research conducted in the territories of the ecological-geochemical
optimum. Regardless of the relative sanitary and hygienic well-being of environmental objects in terms of cadmium content, an increase in
its concentrations in biosubstrates is noted — the level of the metal in the blood and urine of women in industrial areas is significantly higher
compared to the control (p<0,01), the content of cadmium in the urine of 36-50% of women in the studied areas of Dnipro exceeds the standard
level. At the same time, the frequency of preeclampsia in practically healthy pregnant women has a direct correlation with the level of internal
contamination of the body with cadmium.

Conclusion. The results indicate an increase in the level of internal pollution of the body of the inhabitants of the industrial region due
to technogenic influence, especially among sensitive sections of the population — pregnant women, which causes a violation of the adaptation
systems of a woman's body during pregnancy, which is accompanied by the further development of various complications, in particular,
preeclampsia.

Key words: pollution, impact, adult population, pregnant women, heavy metals, cadmium, biosubstrates, blood, urine, genitourinary
system, preeclampsia, industrial region.
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CyuacHi acnekT npo0;j1eMu BILTUBY Ba:KKMX MeTaJIiB I0BKIJJIA
HA PeNnpoOAyKTHUBHE 310POB’sl KiHOK

Beryn. CyyacHa cutyarist B YkpaiHi XapaKTepH3yeThes OTIPIICHHSIM CTaHy JOBKULIS, 0 TOTpedye Bijl CHCTEMH IPOMaICHKOTO 310POB’ S
KOMIUIEKCHHX Ta €()eKTHBHUX Ail, CIIPIMOBAHHUX, Y TOMY YHCII, Ha PaHHE BUSBICHHS HETaTMBHHUX (DAKTOPIB JOBKULIA Ta MpopilakTHKY iX
BIUTMBY. XiMiuHUH (akTop 3 MO3UMLIi Tiri€HIYHOI 3HAYYIIOCTI MOCITaE MPIOPUTETHE MICLE Y CIEKTPl LIKIIIUBUX YNHHHUKIB YMOB iCHYBaHHSA
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JIFOJIMHY, & BaXKKi MeTali HalHeOe3meuHii 3a0py/qHI0BaYi HABKOJIMIIIHBOTO CEPEeIOBHIIA, SIKi MAIOTh LIMPOKMUIA CIIEKTP HETaTHBHUX HACIIKIB
BiJI ITOpYIIEHb MiKpPOEIEMEHTHOTO CKJIay 0 TOKCUYHOTO e()eKTy i BIUIMBY Ha TeHepaTUBHY (QYHKIIIO JTIOANHN. 30BHIIIHI €KCIIO3HULIT KaMio,
SIK OJTHOTO 3 PO3TOBCIOPKEHUX TOKCHKAHTIB, 0COOIMBO HEOE3IEUHi IS BaTiTHUX KiHOK.

Meta gociixkeHHsl. Bu3HA4YeHHS OCOONMBOCTEH BIUIMBY KaJAMilO, IO MICTHTBCS B 00’€KTaX JOBKLLISL, HA PiBEHb BHYTPIIIHBOTO
3a0py/HEHHs OpraHi3My BariTHUX Ta 4acTOTY NPOSBY HpeeKIaMIICii y KiHOK J{HinponeTpoBCchKoi o0acTi.

Marepianan Ta metoau. [Iporpama mocmikeHb BKIIOYANa OLMIHKY BMICTY KaJMil0 B XKUTTe€3a0e3MeUyI0UNX CEpeIOBHUIIAX JOBKILIA Ta
Oionoriynux cyocTparax 89 310pOBHX BariTHUX XKiHOK aTOMHO-a0COPOLIIHHIM METOJIOM, a TAKOXK PETPOCIEKTHBHUN aHai3 JaHUX HEPBUHHOT
CTaTHCTHYHO] JJOKyMEHTALIii PO yCKJIaHEHHS BariTHOCTI.

PesynbraTu. BctanoBneHo, o kaiMili TOCTIHHO IPUCY THiH B 00’ €KTaX TOBKIJUIA B KOHIICHTPALIISX, 0 3HAXOAATHCS B MEKaX HOPMATHBHHUX
3HaYeHb, OJJHAK MEPEBUIIYIOTh (HOHOBI PiBHI Ta pe3ysbTaTd JOCHIPKEHb, IPOBECH]I Ha TEPUTOPISX E€KONOro-reoXimMiuHoro ontumymy. He
3BOKAIOYM HA BIJIHOCHE CAHITApHO-TIri€HIYHE ONaromoiy4ust 00’€KTiB JOBKULISA 32 BMICTOM KaJMIK0, BiJI3HAYA€THCS MiJBUIICHHS HOTO
KOHIIEHTpaIli#l y 6iocyOcTparax — piBeHb MeTaly B KPOBi Ta cedi KiHOK MPOMHUCIOBUX PaiOHIB JOCTOBIPHO BHIIHI TOPIBHAHO 3 KOHTPOJIEM
(p<0,01), BmicT kaamito y ceui 36-50% KiHOK JOCHIIKYBaHUX paioHIiB M. JIHIMpo mepeBuIye HOpMAaTHBHUIL piBeHb. [IpH 1bOMy yacToTa
IIPOSIBY IIPEEKIIAMIICIT y MPAKTUYHO 3JOPOBUX BariTHUX XKIHOK Mae MPSIMy KOpENLiiHY 3aJIeXHICTh Bil PIBHS BHYTPINIHBOTO 3a0pyTHEHHS

OpraHi3My KaJMi€eM.

BucnoBku. OTpruMaHi HaMH pe3yJIbTaTy CBiA4aTh IPO 3pOCTAHHS PiBHS BHY TPILIHBOT0 3a0py/IHEHHS OpraHi3My MEIIKaHIIiB IPOMHCIIOBOTO
perioHy, 00yMOBJICHHX TEXHOTCHHHM BIUIHBOM, OCOONIMBO Y UyT/IMBHX BEPCTB HACEJCHHS — BATITHHX, [0 BHKIIMKAE MOPYIICHHS CHCTEM
ajanTaii opraHi3My *iHKH IIiJl 4a¢ BariTHOCTI Ta CyIPOBOIKY€ETHCS ITOTANBIINM PO3BUTKOM Pi3HHUX YCKIAJHEHb, 30KpEeMa MPEeKIaMIICii.

KotrouoBi cioBa: 3a0pyqHeHHs, BIUIMB, OPOCIIe HACENICHHS, BATiTHI, BAXKI MeTanu, KaaMiid, 6iocyOcTparh, KpoB, ceda, ceqyocrarena

CucTeMa, npeeKnaMncis{, HpOMI/ICJ'IOBI/Iﬁ peFiOH.

Introduction. The health of the population of Ukraine is
a multifaceted concept that includes the following medical
indicators: population, age and gender composition,
indicators of birth rate, incidence and prevalence of
diseases, disability, and mortality. Recently, the medico-
demographic situation in Ukraine causes concern and
reflects the unsatisfactory state of health of the population
of Ukraine [1]. The main reasons for the deterioration of the
health of the population of Ukraine are social, ecological
and economic factors. In particular, anthropogenic
transformation of natural ecosystems in some regions of
Ukraine, in particular in the Dnipropetrovsk region, is
accompanied by man-made load both on the environment
and on the population. At the same time, the morbidity and
mortality rates of the region's population are higher than
the national level [2, 3].

Among the chemically harmful pollutants, heavy metals
absolutely rightfully occupy the leading place. They form
a significant group of toxicants and determine the active
anthropogenic pressure on environmental objects, and
therefore on the human body, causes a significant increase
in the morbidity of the population, the appearance of a
new, environmentally determined pathology. Therefore,
the problem of studying peculiarities of the impact of
heavy metals on a human being, cadmium compounds in
particular is relevant [4].

Cadmium is a toxic heavy metal that enters the
environment through various natural and anthropogenic
processes, which is especially relevant due to the rapid
development of industry and modern technologies. It is
a potential threat to most organisms, including humans.
Cadmium by its nature does not decompose, therefore, after
entering the environment, it remains in circulation. With
advancing industrialization, the amount of this polluting
toxic metal is increasing at an alarming rate. Humans
are exposed to cadmium through ingestion (drinking or
eating) or inhalation (breathing) [5, 6, 7]. It is a poison
of polytropic action, which determines the diversity of
pathogenetic mechanisms of its influence. Low levels
exposure to cadmium may lead to damage to the kidneys,
liver, skeletal system, and cardiovascular system, as well
as to deterioration of sight and hearing. Along with strong

teratogenic and mutagenic effects related to cadmium, it also
shows adverse effects at low doses on both human male and
female reproduction and affects pregnancy or its outcome
[8], including the manifestation of toxic nephropathy.
In addition, according to the TARC classification [9],
cadmium belongs to category 1 carcinogens (substances
that are carcinogenic to humans). Along with pronounced
toxic properties of cadmium, a negative manifestation of its
influence on the body is the ability to imitate the function
and behaviour of essential trace elements. For example,
like zinc, cadmium binds to albumin in plasma. As a result,
the homeostasis of calcium, zinc and iron is disturbed [10].

With the increased content of cadmium in the human
environment, its concentration in the biological mediums
increases. The peculiarity of the harmful effects of
cadmium is its rapid absorption by the body and slow
release, which leads to the accumulation of this metal in
the tissues [4, 5]. In this regard, the problem of the long-
term effects of cadmium on the sensitive population, in
terms of possibly hidden, time-varying changes in the
body, which have negative consequences in manifestation
of reproductive complications during pregnancy is of
particular interest. In connection with the above, the aim
of the study was to determine the influence of cadmium
contained in environmental objects on the level of internal
pollution of the body of pregnant women and the frequency
of manifestation of nephropathy among women of the
Dnipropetrovsk region.

Methodology and methods of research. Research was
conducted in two industrial districts of Dnipro — Industrial
and Novokodatsky, and the control city — Novomoskovsk,
which was chosen as the control area, which most closely
meets the requirements of contrast: it contains a small
number of industrial objects, the volume of solid emissions
into the air is 10 times lower than in the city of Dnipro.
Ecological and hygienic studies of the quality of life-
sustaining objects of the environment — atmospheric
air, drinking water and food products was carried out in
the residential areas of the observation areas. Hygienic
assessment of the obtained concentrations was carried out
in accordance with the existing hygienic regulations and
literature data. The next step was the biomonitoring of
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metals, which considers the method of determining the
degree of danger of environmental factors and is necessary
for hygienic studies. The content of lead and cadmium in
environmental objects and the human body was determined
by the atomic absorption method. Epidemiological studies
were carried out by means of a retrospective analysis of
the data of the primary statistical documentation as for
the complication of pregnancy of the residents of the
monitoring areas.

Statistical processing and mathematical analysis of the
research results was carried out by calculating relative and
average values, their reliability criteria [11]. Statistical
processing was carried out using Microsoft Excel and
STATISTICA 6.1 statistical software package (license
number AGAR909E415822FA). The difference was
considered significant at p<0,05.

Results and discussion. The results of the studies show
that cadmium is constantly defined in in life-supporting
objects of the environment of industrial areas within the
limits of maximum permissible concentrations, but exceed
the background levels. In the control city xenobiotic
is determined in the air and drinking water samples
periodically, with statistically-valid lower content than in
the districts of Dnipro.

The level of cadmium in the blood of women ranges
from 0,01 to 0,17 pg/ml 1). This value in women of group
I averages 0,062+0,004 mg/ml, which is significantly
(p<0,01) lower than in pregnant women of group II —
0,092+0,006 mg/ml. The content of cadmium in the blood
of the control group is 0,028+0,002 pg/ml, which is
significantly lower (p<0,01) than in Dnipro women. By
the average and maximum values, cadmium in the blood
of the inhabitants of the observation areas does not exceed
the normative content — 0,3pg/ml. But in 96,7% of pregnant
women in the Novokodatsky district, the concentration of
cadmium in the blood is higher than 0,02 pg/ml, which
is considered to be the limit of presence of metal for this
toxicant. In the Industrial district in 18% of the examined
subject’s presence of cadmium in the blood has been
identified.

Regarding the content of cadmium in another
biosubstrate of pregnant women — urine, a more pronounced
variation of individual levels of xenobiotic concentrations
in the study areas was revealed — from 0,006 to 0,253 pg/
ml. Its average concentrations for women of Industrial

District is 0,079 + 0.01 pg/ml, which is practically at the
level of the normative value — 0,08 pg/ml. But for women
of Novokodatskiy District, the average value of cadmium
in urine is higher by 10% than the standard and makes
up 0,089 £ 0,006 pg/ml. Despite the fact that the average
concentration of this metal in the urine of women in group
I is by 11% lower than in the group II, no statistically-
valid evidence of this difference was obtained (p> 0,05).
The concentration of cadmium in the urine of women of
control city is on average 0,034 + 0,004 pg/ml, which does
not exceed the normative one and reliably (p<0,01) lower
than in women of Dnipro. In addition, up to 50% of women
of industrial districts, the level of cadmium in urine is
higher than the standard. In the control group, only 7,7% of
pregnant women have an increased value of this indicator.

As is known, cadmium is characterized by a pronounced
nephrotoxic effect, in the pathogenesis of which a significant
role is played by the generation of ROS, an increase in the
level of TNF-a, the regulation of Nrf2 and, ultimately,
abnormal gene expression, deregulation of cell proliferation
and resistance to apoptosis [4]. The increased excretion of
the xenobiotic in the body of pregnant women, probably,
reflects the stress of the body's adaptive processes, which
is to a certain extent caused by its increased toxic effect
during this vulnerable period for women.

The largest amounts of cadmium are registered in the
body of the inhabitants of the Novokodatsky district. Thus,
its average content in the blood exceeds the data of the
industrial region by 1,5 times, and in urine — by 0,01 pg/ml.
Compared to the city of Novomoskovsk, the average value
of cadmium in the blood is 3,3 times lower and in urine
it is 2,6 times. Correlation analysis revealed a statistically
significant (p<0,05) positive relationship between the
concentration of cadmium in the blood and its content in
the urine in the three groups.

Most often, preeclampsia of pregnant women were
registered with residents of the Novokodatsky district —
9,72+0,76% and had a significant association with cadmium
content in drinking water and biosubstrates of pregnant
women (r=0,54-0,76; p<0,05). Considering reliably
increased cadmium content in the organism of women of the
II group in comparison to the data of other areas surveyed, it
is possible to assume an unfavorable man-made influence on
the system of adaptation of women's body during pregnancy
with the further development of nephropathy.

Table 1
Average concentrations of cadmium in the blood and urine
of pregnant women — residents of Dnipro and Novomoskovsk (M + m)
. Cadmium, pg/ml
Observation groups blood urine
1 Industrial District Dnipro (n = 33) 0,062+0,004 0,079+0,01
11 Novokodatskiy District Dnipro (n = 30) 0,092+0,006 0,089+0,006
111 Novomoskovsk (n=26) 0,028+0,002 0,034+0,004
Reliability p I-11>0,05 p I-11>0,05
p II-111<0,01 p 1I-111<0,01
p I-111<0,01 p I-111<0,01
Physiological standard 0,02 -
limits of norm metal carrier 0,02-0,3 -
intoxication >0,3 0,08
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Conclusions. It has been established that cadmium is
constantly determined in the atmospheric air, drinking water
and food products of the observation areas, which forms a
complex effect on the state of the inhabitants. Concentrations
of the xenobiotic in the experimental and control areas have
a significant difference both in the environment and in the
body, this indicates the effect of external exposure of the
toxicant on the content of cadmium in the body of women.
Examination of residents of industrial areas established a
significant content of cadmium in the organism of pregnant
women, and despite the fact that the average concentration
of the toxic metal in the blood of pregnant women was
within the normal range, its level in the urine exceeds the
permissible values in almost every second woman living
in the most polluted district of the Dnipro. The internal

content of the studied xenobiotic has a correlation with the
frequency of preeclampsia in pregnant women. Taking into
account the fact that cadmium is a natural antagonist of
zinc, an extremely important trace element for a pregnant
woman, the above results indicate the likelihood of an
increase in the toxic effect of the abiogenic metal on the
course of pregnancy in practically healthy women.

Prospects for further research. The results of the
study allowed to scientifically substantiate the need for
further research to develop and implement effective
measures to prevent the negative impact of heavy metals on
the reproductive health of women living in industrialized
regions to reduce technogenic load on critical populations,
increase the adaptive reserves of the body of pregnant
women.
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