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Abstract

Introduction. More than 13 annual million deaths are caused by environmental pollutants worldwide. Urbanization, population
growth, industrialization and globalization affect our lives both positively and negatively. Women can become lead exposed through
occupational and environmental sources. Once lead enters the body, it is mainly deposited in diverse organs: brain, kidneys, liver
and bones. The body stores lead mainly in the bones, where it accumulates over time that may be further released into the
bloodstream during pregnancy, thus posing a threat to growing fetus.

Aim: to examine a lead impact on newborn hematological parameters during perinatal period.

Materials and Methods. A retrospective cohort study with 306 pregnant women and paired newborns was carried out. Peripheral
blood lead level (BLL) in pregnant and postpartum women was analyzed by using the atomic-absorption spectrophotometry
method. Blood specimens were collected for analysis in the third trimester of pregnancy. Newborns hemoglobin concentration
(mean corpuscular hemoglobin concentration, MCHC) in erythrocytes was also assessed.

Results. We have detected a statistically significant decrease of MCHC in babies born to mothers with BLL > 0.24 pmol/L vs.
BLL < 0.24 pmol/L. This difference may indicate a decline in hemoglobin fetal production caused by lead intoxication.

Conclusion. Study corroborates an idea that pregnant women with occupational or environmental lead exposure should be
monitored for BLL, which should not exceed 0.24 pmol/L during pregnancy.
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Pe3tome

Beepenue. bonee 13 MnH cMepTeli B rof BO BCEM MUPE BbI3BaHbI 3arpASHUTENAMU OKpYXawLlen cpefbl. Ypbanusauums, poct
HaceneHns, WHAyCTpuanu3auns u rnobann3aumns BiMSIOT Ha HAWY XKU3Hb KaK NMOM0XNUTENbHO, TaK U 0TpULATENIbHO. YKEHLLMHBI
MOrYT NMOABEepraTbCs BO3JENCTBMIO CBUHLA M3 MHLYCTPUANbHbIX UCTOYHUKOB U OKPYXXatoLen cpefdpl. [onagas B opraHusm,
CBUMHEL, HAaKanI1BaeTCs B Pa3MYHbIX OpraHax U TKaHsx, Hanpumep, B rONOBHOM MO3re, MOYKax, NeYeHN 1, rMasHbIM 06pa3oMm,
B KOCTSAIX. CBMHEL, MOXET NonacTb B KPOBb BO BPEMS 6EPEeMEHHOCTM, NoABepras Takum 06pa3omM 0NacHOCTY PACTyLLMiA Nog,.

Llenb: n3y4ntb BO3LENACTBME CBMHLA HA FEMATO/IOrMYeCKMe NoKa3aTeim HOBOPOX/EHHbIX B NepuHaTanbHOM Nepuoe.

Marepuanbi n metofbl. [IpoBeJEHO PETPOCNEKTUBHOE KOrOPTHOE nccneosaHue. 06¢nenoBaHbl 306 6epeMeHHbIX 1 UX HOBOPO-
X[OEeHHbIX. Onpefensanyu ypoBeHb CBUHLA B BEHO3HOW KPOBM GEPEMEHHbIX METOLOM aTOMHO0-a6COP6LMOHHON CNEeKTPOMOTOME-
Tpuu. Kposb Ha aHanus 6panu B Il TpumecTpe GepemeHHOCTU. TakxKe OLEHWBANM KOHLEHTPALMIO reMornobuHa (aHrn. mean
corpuscular hemoglobin concentration, MCHC) B apuTpoLuTax y HOBOPOXAEHHbIX.

Pesynbtatbl. O6HAPY)XEHO CTATUCTUYECKN 3HAYMMOe CHuKeHue MCHC y meTeid, poXKaeHHbIX OT MaTeper ¢ YPOBHEM CBUHLA
B KpoBM > 0,24 MKMONb/N, N0 CPABHEHWIO C LETbMU, POXXAEHHLIMU OT MaTepeii ¢ YypOBHEM CBUHLA B KPOBU < 0,24 MKMonb/n. Takas
Pa3HNLA MOXET CBMAETENbCTBOBATb O CHUKEHNI CUHTE3a reMorno6uHa y nnojaa, BbI3BaHHOM CBMHLOBOW MHTOKCUKALME.

3akntoyenue. llccnejoBaHne NoATBEPXKAAET MHEHME O TOM, YTO Y 6epeMEeHHbIX, NOABEPrLUNXCA BO3AEACTBUIO CBMHLA HA NPOU3-
BOZCTBE WIN U3 OKPYXXatoLLei cpefibl, CNedyeT KOHTPONUPOBATL COAEPXXaHNe CBUHLA B KPOBU, NPK 3TOM BO BPEMS 6EPEMEHHOCTH
OH He [0/MKeH npesbiwars 0,24 MKMOsb/1.

KniouyeBsble ¢noBa: BO3e/CTBIE CBIUHLA, MYNOBMHHAA KPOBb, FEMATO/IOrMYeCcKIe NoKasaTesn, CPeAHAS KOHLEHTpaLms reMorsno-
6uHa B aputpouute, MCHC

Insa untuposanus: lopragse H.T., Yuruangse [O.10., Axsneamann J1.T., Yaruap3e O.0., basunapu B.O., llomaypu X.H., Kokas H.K.,
Mmopro6uann M.LLU. YpoBeHb CBUMHLA B MaTepPUHCKOM KPOBM W €ro BAWSIHWE HA remaTosiorMyeckue napameTpbl B MyNOBUHHON
KpoBu. AkyLuepctso, [uHekonorns v Penpogykums. 2024;18(2):211-217 . https://doi.org/10.17749/2313-7347/0b.gyn.rep.2024.496.
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What is already known about this subject?

» Lead is a widespread environmental pollutant holding the
second place as most toxic metal after arsenic, which
comprises 0.002 % of the Earth's crust.

» There is a large body of literature assessing lead exposure
during pregnancy highlighted by variable presentations in
newborns.

» Women of childbearing age chronically exposed to lead
occupationally or environmentally have shown high rates of
sterility, fetal and neonatal demise, with paired newborns
suffering from growth retardation and diverse neurologic
symptoms.

What are the new findings?

> A statistically significantly decreased mean corpuscular
hemoglobin concentration (MCHC) in babies born to
mothers with blood lead level (BLL) > 0.24 pmol/L vs. BLL
< 0.24 pymol/L was detected that may evidence about
lowered hemoglobin fetal production caused by lead
intoxication.

How might it impact on clinical practice in the foreseeable
future?

» Study corroborates an idea that pregnant women with
occupational or environmental lead exposure should be
monitored for BLL, which must be less 0.24 pmol/L during
pregnancy.

Introduction / BBeneuue

Lead is a widespread environmental pollutant holding
the second place as most toxic metal after arsenic (As),
which comprises 0.002 % of the Earth's crust. Women
can become exposed to lead through occupational and
environmental sources. Once lead enters the body, it is
mainly deposited in diverse organs: brain, kidneys, liver
and bones. The body stores lead mainly in the bones,
where it accumulates over time that may be further
released into the bloodstream during pregnancy, thus
posing a threat to growing fetus. However, no verified
safe blood lead concentration has been identified; even
as low as 0.17 pmol/L blood lead level (BLL) may be
associated with neurological disorders [1, 2].

Lead freely crosses the placenta, resulting in its similar
concentrations in maternal and newborn umbilical cord
blood [3]. There is a large body of publications assessing
lead exposure during pregnancy highlighted by variable
presentations in newborns. Women of childbearing
age chronically exposed to lead occupationally or
environmentally showed high rates of sterility, fetal and
neonatal demise, with paired newborns suffering from
growth retardation and diverse neurologic symptoms [4].

It is known that lead is able to interfere with the acti-
vity of the hemoglobin biosynthesis enzymes such as
d-aminolevulinic acid dehydratase (ALAD), copropor-
phyrinogen oxidase (COIX) and ferrochelatase (FECH),

OCHOBHbIE MOMEHTbI

Y10 yXe u3BecTHo 06 aToi Teme?

» CBUHEL, ABMAETCA LUMPOKO PacnpOCTPAHEHHbIM 3arps3HuTe-
NeM OKpY>XKatoLLlei cpedbl U BTOPbIM MO TOKCUYHOCTW MeTan-
noM nocre Mblwbsika, coctanss 0,002 % 3eMHON KOpb.

» CyliecTByeT 60nbLIo 06beM nuTepatypbl, MOCBSLLEHHON
BO3JENCTBMI0 CBMHLA BO BpeMs OGEPeMEHHOCTM, KOTOpoe
OT/IM4AETCSH Pa3HO06pa3em NPOSABIIEHUIA Y HOBOPOXAEHHBIX.

» V XeHLMH OeTOPOAHOr0 BO3pacTa, XPOHUYECKN NofBeprato-
LLMXCA BO3JENCTBUIO CBMHLIA, UMEKOTCA BbICOKMNE NOKa3aTenu
6ecnnogns, rmbenn nuoga M HOBOPOXAEHHOr0, a y WX
MnajeHueB HabIioaaeTcs 3afepXka pocta U pasHoo6pasHble
HEBPOJOrNYecKI1e CUMNTOMBI

Yr0 HOBOrO A1aeT cTaThA?

» V [etei, poXaeHHbIX OT MaTeper C YypOBHEM CBUHLA B KPOBU
> 0,24 MKMOSIb/J1, N0 CPABHEHMIO C AETbMU, POXXKAEHHBIMI OT
matepen ¢ ypOBHEM CBMHLA B KpoBU < 0,24 MKMOIb/N, Onpe-
[eNIeH0  CTAaTUCTMYECKN 3HAYUMOE  CHUXKEHWE  CpefHen
KOHUeHTpauuu remornobuHa B aputpouute (MCHC), uyto
MOXET CBWIETENbCTBOBATb O CHUKEHWU CUHTE3a EMOrsio-
6WHa y nnofa, BbI3BaHHOM CBUHLIOBON MHTOKCUKALME.

Kak 3To MOXET NOBAMATL HA KITMHUYECKYH NPaKTUKY
B 0603pumom Gyayiem?

» BepeMeHHbIX, MOJBEPrLUNXCS BO3MENCTBMI0 CBMUHLIA HA NPOU3-
BOJICTBE /N 13 OKPYXKatOLLIEN Cpefbl, CneayeT 06cneaoBarb Ha
YPOBEHb CBUHLIA B KPOBW, KOTOPbIA BO BPeMs 6epeMeHHOCTM
JIOSKEH ObITb MeHbLUe 0,24 MKMOSb/M.

thereby affecting erythrocyte life span. Nevertheless, the
lead impact on fetal hematopoietic system has not been
thoroughly studied [5].

Study by 0. La-Llave-Leon et al. with 292 Mexico
pregnant women indicate that hemoglobin and hematocrit
levels were elevated in women with BLL > 0.24 pmol/L,
whereas erythrocyte mean corpuscular volume (MCV)
and mean corpuscular hemoglobin concentration (MCHC)
remained unaffected [6].

Here, we hypothesize that lead penetrates placenta to
interfere with fetal erythrocyte generation. The study was
carried out to investigate an impact of maternal BLL on
fetal red blood cell count.

Aim: to examine a lead impact on newborn hemato-
logical parameters during perinatal period.

Materials and Methods / MaTrepuaibr
M METObI

Study design / [iu3aitH uccnepoBaHus

Our prospective cohort study was carried out in
the Autonomous Republic of Adjara, located in the
southwestern part of Georgia on the Black Sea coast
and Turkey borders. Batumi, the administrative center
of Adjara, has 609,000 women of childbearing age
(20 to 40 years old). This region which is mainly
agrarian, has also an oil industry which is a source
of lead pollution.
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The study included prospectively enrolled 306
pregnant women and paired newborns who were
admitted to the Neonatal intensive care unit (NICU) at the
Batumi Medical Center LLC and Iris Borchashvili Health
Center "Medina" for various reasons. Maternal blood
was collected to analyze BLL into test tubes containing
ethylenediaminetetraacetic acid (anticoagulant) under
aseptic conditions, shortly after delivery. Umbilical venous
blood samples were obtained in vacuum tube containing
k3 EDTA anticoagulant manufactured by Greiner bio-one.
Complete blood count (CBC) was measured in umbilical
venous blood of neonates admitted to the NICU.

Inclusion and exclusion criteria / Kputepuu
BKJIHOYEHUS U UCKNTHOYEHUA

Inclusion criteria: pregnant women who were
registered at the Batumi Medical Center LLC and Iris
Borchashvili Health Center "Medina", and whose venous
blood lead concentration was assessed during pregnan-
cy. Additionally, paired newborns, who were admitted to
the NICU with various issues within the first day of life,
were also included.

Exclusion criteria: pregnant women with paired
asymptomatic, healthy newborns, as well as those
whose blood lead concentration was not assessed or
pregnancy termination was documented despite blood
lead concentration determination.

Study groups / I'pynnbl 06¢cnegoBaHHbIX

To assess an impact of maternal BLL on newborn
red blood cell production, subjects were divided into
2 groups based on maternal BLL: group 1 — maternal
BLL < 0.24 ymol/L (n = 192), and group 2 — maternal
BLL > 0.24 pmol/L (n = 114). A cut-off BLL was set at
0.24 pmol/L since it is considered toxic in humans.
Groups were compared by birth weight (g), gestational
age (GA, weeks), red blood cells count (RBC, x10'?/L),
hemoglobin level (Hb, g/L), mean corpuscular volume
(MCV, fl), mean corpuscular hemoglobin concentration
(MCHC, g¢/L) and mean corpuscular hemoglobin
(MCH, pg).

Blood samples were collected from newborns within
the first 6 hours of life. Sampling was conducted from
the umbilical vein using a vacuum tube containing
K3 EDTA anticoagulant manufactured by Greiner Bio-
One. The analysis was performed using an XT-4000i
hematological analyzer that undergoes regular annual
manual engineering maintenance and daily internal
quality control checks.

Blood lead level determination / Onpeaenenue ypoBHs
CBMHLA B KPOBM

Maternal BLL was measured using atomic absorption
spectrophotometry (Zeeman system model: AA240
Zeeman, Agilent Technologies, USA), calibrated with lead
standard reference solution (1000 pg/mL stock Lead

Solution (Pb), Lot.No 782761), intermediate standards
and two control samples (spikes) prepared for quality
assurance.

Ethical aspects / 3Tuyeckue acnekTbl

Written informed consents were obtained from the
patients’ legal guardian/close relative for publication of
any potentially identifiable images or data included in the
article. The study was conducted based on the approval
of the Ethics Committee of the healthcare center "Medina’,
protocol No. 01-1405/21 and the study was conducted
according to the ethical standards of the Helsinki
Declaration of the 1964 World Medical Association and
its subsequent updates.

The patient's legal guardian or close relative provided
written informed consent for publication of any data
included in the article.

Statistical methods / Ctatuctuyeckne metofbl

Statistical analysis was performed using NCSS
software (NCSS LLC., USA). Categorical variables were
described as frequency and percentage. Continuous
variables were evaluated for normal distribution using
histogram and Kolmogorov—Smirnov test and were
reported as mean + standard deviation (M + SD) or median
and interquartile range (Me [Q,s5 Qjs]). Independent
samples were analyzed using t-test and Mann-Whitney
test to compare continuous inter-group variables and y?
test was applied to assess an association birth before
week 38. All statistical assays were two sided, with p <
0.05 considered as statistically significant.

Results / Pe3yabTaThI

In 306 pregnant women, whose newborns were
admitted to the NICU at Iris Borchashvili Health Center

"Medina", the average BLL was 0,25 pmol/L with a stan-

dard deviation of 0.192 (range: 0.012—1,368) pmol/L.

192 (62.75 %) and 114 (32.25 %) mothers enrolled
in the study had BLL < 0.24 pmol/L and BLL of >
0.24 pmol/L, respectively; 60 (19.6 %) and 246 (80.4 %)
paired babies were born at gestational age < 38 and >
38 weeks, respectively (Table 1, 2).

A significant inter-group difference (p < 0.05) in MCHC
level is shown in Table 2 and box-plot (Fig. 1).

Discussion / O6cy:kneHue

Urbanization, population growth, industrialization
and globalization affect human life both positively and
negatively. Despite the benefits from the economic
and political perspectives, the globalization negatively
impacts environment. Lead is a widespread environmental
pollutant. Even low blood lead levels have been observed
to be associated with increased risk of minor birth defects.
The short- and long-term effects of increased prenatal

m http://www.gynecology.su
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Table 1. Maternal blood lead level.

Ta6nuua 1. YpoBeHb CBIHLIA B MATEPUHCKOI KPOBM.

Group / I'pynna n Mean + SD Me [Q,5; Q5]
Maternal blood lead level < 0.24~ pmol/L 199 0.23 + 0.04 0.144 [0.106; 0,187]
YpOoBeHb CBUHLA B MATEPUHCKOMN KPoBM < 0,24 MKMOJTb/N
Maternal blood lead level > 0.24v pmol/L 114 0.432 + 0.202 0.379 [0.300: 0.485]
YpoBeHb CBMHLA B MaTEPUHCKOM KPOBU > 0,24 MKMOJTb/NI

Table 2. Demographic and hematological parameters.

Ta6bnuua 2. [lemorpacnyeckune n reMatonornyeckine napameTpel.

Maternal blood lead level
YpoBeHb CBUHLIA B MAaTEPUHCKO KPOBH
Parameter
Mokazatens < 0.24 pmol/L = 0.24 pmol/L p
< 0,24 mkmonb/n 2 0,24 MKMONb/N
n=192 n=114
Gestational age, weeks
[ecTaunoHHbI BO3PACT, Heaenb
Mean + SD 34.8+3.6 35.3+3.3 N/S
Me [Qys; Q5] 35.1[32.6; 37.3] 36.0 [34.4; 37.3]
Birth weight, g
Macca Tena npu poxnexuu, r
Mean + SD 2338 + 818 2378 + 828 N/S
Me [Qys; Qys] 2325 [1800; 2950] 2400 [1800; 3000]
Red blood cell count, x10'%/L
dputpounTsl, x10'2/L
Mean + SD 4,67 +0.83 4.69+0.85 N/S
Me [Qgs; Q5] 4.68 [4.22;5.18] 4.72 [4.30; 5.30]
Hemoglobin, g/L
[emorno6uH, r/n
Mean + SD 170.1 £28.3 1704+ 31.0 N/S
Me [Qys; Q5] 168 [155; 187] 172 [157;191]
Mean corpuscular hemoglobin concentration, g/L
CpefHas KOHUEHTpaums reMorno6uHa B aputpoumTe, r/n
Mean = SD 347.5+20.4 343.2 +14.1 <0.05
Me [Qgs; Q5] 348 [340.2; 357] 342 [337.7; 349]
Mean corpuscular volume, fl
CpeaHunii 06bem apuTpoOLKUTOB, (N
Mean + SD 105.1+£7.3 106.1+£7.7 N/S
Me [Qys; Qys] 104.5 [100.6; 108.7] 105.4 [102.1; 109.6]
Mean corpuscular hemoglobin, pg
CpefiHee cofiepxaHue remornobnHa B 3puTpouuTe, nr
Mean + SD 36.5+2.2 36.1+3.6 N/S
Me [Qys; Q5] 36.3 [35.1; 37.8] 36.1[35.8; 37.9]

Note: N/S — non-significant.
Tpumeyanne: N/S — pasnnyus He3Ha4nMms.

lead exposure in infants remain largely unknown, except
for some evidence suggesting neurodevelopmental
impairment in children [6]. Experts of the World Health
Organization (WHO) emphasize that lead is especially
dangerous for young children due to intensive brain
growth and development as well as increased nutrient
demand. Lead is a cumulative metal deposited in bones,
which mobilization becomes elevated during pregnancy
specifically promoted in case a mother intakes no
calcium supplement despite increased demand for it.
Lead concentration in umbilical cord blood comprises
85 % of its level in paired maternal blood. Therefore,
lead is primarily dangerous for developing fetus [7]. Our

study hypothesis was that lead crossing the placenta may
interfere with fetal potential for red blood cell generation.

We have detected a statistically significantly
decreased hemoglobin level in erythrocyte mass (MCHC)

in babies born to mothers with BLL = 0.24 pmol/L vs.

BLL < 0.24 pymol/L. Such finding may point at lowered
hemoglobin fetal production caused by lead intoxication.
A potential mechanism account for decreased MCHC
in babies born to mothers with BBL = 0.24 pmol/L may
result from an impact of prenatal lead on placental
function. Altered placental function interferes with its
vital role in regulating nutrient transport such as iron and
vitamins necessary for fetal red blood cell generation.
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Figure 1. Mean corpuscular hemoglobin concentration (MCHC).
Note: BLL — blood lead level.

lpumeyanme: BLL — yposeHb CBUHLA B KPOBU.

PucyHok 1. CpeHss KOHUEHTpauus remorno6uHa B aputpoumte (MCHC).

AxyuiepcTBo, I'mHekoAorua u Pennpoaykiima [PArZES Ve XN P

Conclusion / 3akioueHue

Our study cohort consisted of pregnant women whose
paired newborns were admitted to the NICU. It was
found that mean BLL was high reaching 0.25 pmol/L
that exceeds that of set by the the Centers for Disease
Control and Prevention (CDC) for pregnant women. There
were examined cord blood samples from babies born to
study women showing that MCHC was lower in newborns
at maternal BLL = 0.24 pmol/L.

Our study corroborates an idea that pregnant women
with occupational or environmental lead exposure
should be monitored for BLL, which should not exceed
0.24 ymol/L during pregnancy.

A mechanism underlying lead effects interfering
with hemoglobin fetal production requires to be further
investigated.
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