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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
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typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: In 2018, the first national study on blood lead
levels (BLL) in children aged 2—7 years was conducted as a part
of the Multiple Indicator Cluster Survey (MICS). The results
revealed that a significant proportion of children (41%) had
BLLs exceeding 5 pg/dL. The aim of this study is to evaluate the
health risks associated with the potential environmental impacts
of technogenic chemical agents in the Bolnisi-Dmanisi region.
Additionally, the research seeks to develop recommendations
for mitigating these risks through appropriate preventative and
corrective measures.

Methodology: A cross-sectional method was used for this
survey and biomonitoring to assess sources of lead exposure.
Three target groups (TGs) were selected for the study based
on potential exposure levels, randomly interviewed about their
health status, and subjects were randomly selected to undergo
venous blood testing for lead. For the correlation defining the
Statistical analysis of crossover interference using the chi-square
model was used. The results obtained determine the relative
risks of various nosologies among the TGs, the correlations
with various risk factors, and their potential cause-and-effect
relationships.

Results: Our results revealed a significant reduction in
BLLs among residents of the study region when compared to
the MICS results. In 2023, our findings indicated a decrease
in BLLs among populations in potentially exposed areas of
Kvemo Kartli. Specifically, the average BLL in the Kvemo
Kartli region decreased by approximately 50%, from 4.2 pg/
dL in 2018 to 1.8 pg/dL in 2023. Demographic risk factors
did not exhibit significant variation across the TGs. Notably,
statistically significant relative risks (RR) for diseases of the eye
and adnexa were observed in the first and second TGs, while no
such significant associations were found for other diseases.

Conclusion: Although the MICS study conducted in the
country five years ago showed a significant reduction (by
two times or more) in the high average biomonitoring results
recorded in children, our study still revealed certain low, yet
credible, health risks in populations living 'mear production/
mining' sites and 'potentially living on ore,' according to some
nosological classes. The biomonitoring results also recorded
isolated cases of relatively high BLLs, particularly in the
exposed groups compared to the control group. Based on these
findings, we conclude that the measures implemented over
the past five years have yielded positive results, significantly
reducing lead concentrations in humans. However, certain low
but credible health risks persist in the presumably exposed
areas. These results can serve as a baseline for future research,
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and periodic monitoring will help track the progress towards
further improvement in the region.

Key words. Lead, disposal, contamination, soil, morbidity,
health-risk, Georgia.

Introduction.

Lead exposure is a critical global public health issue, impacting
millions, especially in low- and middle-income countries.
Despite international efforts to mitigate lead exposure, it
remains a significant threat due to its pervasive presence in the
environment, including air, water, soil, and consumer products.
Lead is a powerful neurotoxin, and even minimal exposure can
lead to severe health issues, particularly for vulnerable groups
like children and pregnant women [1-12].

Key sources of lead exposure include lead-based paints,
contaminated drinking water, industrial emissions, and leaded
gasoline. In urban areas, historical use of leaded products
continues to pose exposure risks. Certain occupations, such as
battery manufacturing, recycling, mining, and construction, also
present increased exposure risks for workers [13-15].

The health effects of lead exposure are well-documented,
including cognitive impairment, developmental delays,
and behavioral issues in children. In adults, lead exposure
is associated with hypertension, kidney dysfunction, and
reproductive problems. The World Health Organization (WHO)
and the Centers for Disease Control and Prevention (CDC)
stress that no level of lead exposure is safe, highlighting the
need for ongoing vigilance and intervention [8,16-26].

Georgia, located in the South Caucasus region, east of the
Black Sea, had a population of 3,694,600 in 2024, covering an
area of 69,700 square kilometers [24]. Kvemo Kartli, one of
Georgia's twelve regions, has a population of 436,000 and spans
6,527 square kilometers [17]. Situated on the Trialeti Plateau,
the region is historically rich in mineral resources. Since the
1950s, open-pit mining and extraction of gold-bearing copper-
pyrite and polymetallic ores have been active in the Bolnisi
district. The Madneuli gold-extraction plant, constructed in
1997, continues to process secondary quartzites containing gold
and silver [2,3].

The study areas in Kvemo Kartli are characterized by
naturally high concentrations of heavy metals. The Kazretula
and Mashavera Rivers, flowing through this territory, have
been polluted for years by leachates from nearby factories. The
river waters' pH often drops to 2-3, significantly increasing
heavy metals' solubility in the acidic water. Consequently, these
rivers are highly contaminated, with metal concentrations far
exceeding maximum permissible concentrations (MPC) [1,3].
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A 2017 report by the "Green Policy Scientific Research
Platform" titled “Analysis of Mining and Extractive Industrial
Pollution in Kvemo Kartli from a Green Policy Perspective”
identified the Kazreti polymetallic mining enterprise, owned
by RMG (Rich Metals Group), as a significant source of
pollution. Studies show that soil, water, and air pollution in
this region exceed regulatory norms. Local residents have
expressed concerns about potential health impacts, prompting
calls for government action to assess risks. In response, the
RMG Environmental Policy Document was approved in 2018
and implemented by 2022. Measures included modernizing
equipment, managing water systems, installing treatment
plants, encapsulating the Kazretula River, integrating tailings
pond water into a closed cycle, ongoing reclamation, dust
control, using covered transport, washing roads, and systematic
environmental monitoring [3,18].

The 2018 Multi-Indicator Cluster Survey (MICS) revealed
that while blood lead levels (BLLs) in children aged 2-7 in
Kvemo Kartli were lower than in other regions, they remained
high overall. Nationwide, 41.1% of children had BLLs >5 ng/
dL, with 15.6% exceeding >10 pg/dL. In Kvemo Kartli, these
figures were 17.9% and 5.7%, respectively [22]. Given the
visible sources of exposure in the region, such as mining and
processing sites, and the local belief that disease prevalence
was particularly high among those living near these facilities,
a risk assessment was conducted for populations in potentially
exposed settlements. This assessment involved a health survey
and a one-time biomarker (venous blood) study.

The study aims to evaluate the health risks associated with the
potential environmental impacts of technogenic chemical agents
in the Bolnisi-Dmanisi region. Additionally, it seeks to develop
recommendations for mitigating these risks through appropriate
preventative and corrective measures.

Materials and Methods.
As part of this study, the first phase of the study involved an
analysis of regional medical statistics and a comparison of the

average data of the administrative units in the region over the
past five years with regional and national averages, categorized
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by international classification of diseases (ICD-10th revision).

To test the research hypothesis and assess the exposure to
environmental pollutants at potentially varying levels, the study
was designed to include three TGs (TG):

1. Settlements located near production and mining
activities — from the municipalities of Bolnisi and Dmanisi.

2. Presumably, the settlements residing on the ore-rich
regions — Bolnisi municipality.

3. Control settlements — from the municipalities of Tetritskaro
and Marneuli.

The first TG encompassed populations residing within 5 km
of open-pit mining quarries and production facilities (including
Kazreti village and surrounding settlements) as well as those
located within 2 km of a newly opened, closed mining quarry
(e.g., Bertakari village, Senebi). The second TG consisted of
populations in settlements presumed to live above ore deposits,
situated at relatively greater distances (ranging from 6 km to 10
km) from mining and production areas. The third TG (Control
Group) included populations in settlements located 60-70 km
away from mining and production activities, where neither
mining nor mineral extraction occurs, and where there is no
indication of the presence of surface minerals.

To calculate the representative sample size for the study, the
following parameters were used in the sample size calculation
formula: a 95% confidence level, a population size of 72,731
for the Bolnisi-Dmanisi study areas (based on the 2014 census),
and a population proportion of 50%. Consequently, a minimum
sample size of 383 respondents was determined for the study.

However, to improve the accuracy and reliability of the survey
results, the researchers increased the sample size, selecting 600
households each from the presumably exposed groups I and II,
as well as 600 households from the control group. The survey
was conducted using random sampling approach; within each
household, all family members who were available at the time
of the survey and who agreed to participate were interviewed.
In total, 3 524 respondents from all three TG were interviewed
regarding their health status.

For the laboratory analysis of heavy metals, one child or
adolescent aged 5-18 and one adult aged 35-44 were selected

Figure 1. TGs located in the Kvemo Kartli region - with indication of settlements.
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Table 1. Disease Incidence: Country, Kvemo Kartli Region, and Individual Districts (Average Indicators for 2015-2019).

International Statistical

Classification of Diseases and = o g
Related Health Problems 10th 5 % -é g
Revision (ICD-10) S < 8 z
Neoplasms 1569.0 399.9 515.6
Malignant neoplasms 539.4 193.8 207.5
Diseases of the blood and blood-

forming organs and certain disorders | 880.9 809.4 594.3
involving the immune mechanism

Endocrine, nutritional and 71736 48761 124062
metabolic diseases

Mental and behavioural disorders 2762.4 1086.9 5173.7
Diseases of the nervous system 4166.5 2399.4 4636.5
Diseases of the eye and adnexa |5911.2 2589.4 5264.3
Diseases of the circulatory system 15563.3  9393.0 9326.0
Diseases of the respiratory system 19521.8  11906.0  18613.8
Diseases of the digestive system 16007.1  4364.1 5816.3
Diseases of the musculoskeletal 45433 28181 5195.3

system and connective tissue

Table 2. Prevalence of Chronic Diseases or Surgeries by TGs (%,).

Has a chronic illness or has undergone surgery

Confirmed by a doctor

Is undergoing appropriate treatment

Has not consulted a doctor but experiences various complaints
Has spots on the skin

Believes their illness is related to environmental pollution

Table 3. Respondents' Demographic Characteristics by TGs.

Demographic characteristics TG

TG1 TG 11
% %
Sex
man 33.8% 36.8%
women 66.2% 63.2%
Age
<18 old 23.8% 13.9%
18 -39 old 20.6% 20.4%
40 - 64 old 32.7% 34.5%
65 + old 23.0% 31.1%

from each household. Children and adolescents were chosen
because they are particularly vulnerable to the effects of heavy
metal exposure, the adults were included as this age group had
not previously been included in the study in Georgia before.
750 respondents agreed to participate in laboratory testing, and
255 individuals were able to attend medical facilities for blood
sampling.

Laboratory Research.

Quantitative analysis of lead in venous blood, samples were
conducted at the Chemical Risk Factors Research Laboratory
using high-precision inductively coupled plasma mass
spectrometry (ICP-MS). For the analysis of lead in biological
materials, an Agilent ICP-QQQMS 8900 series instrument
(Agilent Technologies) was utilized.
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760.1 184.5 540.5 262.2 430.6 105.6
401.8 132.0 125.1 186.5 227.1 76.9
325.2 163.1 918.7 952.3 1282.8 1429.7
4440.3 2841.7 2641.5 39333 5005.0 2864.6
260.4 85.4 375.6 357.7 1035.6 320.0
2538.5 598.1 2510.4 1600.0 3348.9 1563.1
2831.7 568.9 2048.0 1989.2 4008.2 1415.4
14518.7  5581.6 10626.9 121342 6695.9 6867.7
8864.4 4659.2 150259 16111.7  |6731.5 13335.4
2799.6 2668.9 5804.0 3864.0 5696.3 3899.5
1772.7 1015.5 2082.6 3362.2 2674.6 3623.6
TG
ITG TG I TG Total
55.9% 62.1% 50.6% 56.0%
93.1% 93.1% 84% 90.5%
60.9% 73.7% 91.0% 67.9%
50.0% 57.7% 48.2% 51.8%
4.6% 1.9% 2.5% 3.0%
12.4% 12.8% 6.2% 10.6%
Control Group
% Total
41.4% 373 %
58.6% 62.7 %
17.7% 18.6%
25.4% 22.2%
34.1% 33.7%
22.8% 25.5%

Sampling Procedures.

Venous Blood Sampling Procedure:

Venous blood samples were collected following the OTH-
GDO-012 sample collection protocol. The samples were drawn
into EDTA K2 tubes, which are specifically designed for trace
metal analysis, in strict adherence to biosafety regulations. The
blood samples were then stored at -20°C until analysis.

Results.

The analysis of the statistical data showed that for only two
ICD-10 categories, the Bolnisi district (the district assumed
to have probable exposure) had higher rates compared to the
regional average, although still lower than the national average.
These categories were: diseases of the circulatory system and



Table 4. Frequency Distribution of Risk Factors by TGs.

TGs (%)
TGI TGII TG III Total
%o %
Tobacco use
Smokers regularly 10.4% 9.8% 14.0% 11.4%
Smokers occasionally 0.9% 0.9% 0.5% 0.7%
Does not smoke anymore 4.9% 5.8% 5.9% 5.5%
Has never smoked 80.0% 80.8% 77.7% 79.4%
No answer 3.9% 2.8% 2.0% 2.9%
Alcohol use
Drinks daily 0.6% 0.3% 0.5% 0.5%
Drinks occasionally 17.8% 14.2% 19.4% 17.2%
Does not drink anymore 3.6% 4.4% 2.7% 3.6%
Has never drunk 73.6% 78.0% 74.9% 75.5%
Refused to answer 0.1% 0.0% 0.1% 0.1%
No answer 4.3% 3.0% 2.3% 3.2%
Drug use
Has never used 95.0% 96.1% 96.5% 95.9%
Refused to answer 0.0% 0.0% 0.1% 0.0%
No answer 5.0% 3.9% 3.4% 4.1%
Total 100.0% 100.0% 100.0% 100.0%
Table 5. BLLs by TGs, 2023.
Lead in the blood Total
>5 ng/dL <5 pg/dL
ITG N 3 104 107
% within TG 2.8% 97.2% 100.0%
N 3 74 77
TGs TG % within TG 3.9% 96.1% 100.0%
N 1 70 71
mre % within TG 1.4% 98.6% 100.0%
Total N 7 248 255
% within TG 2.7% 97.3% 100.0%
Table 6. BLLs >5 pg/dL by TGs, gender, and age.
Ages TGI TGII TG III Total
women man women man women man women man Total
5-10 old - 1 - 1 - - - 2 2
11-14 old 1 - - 1 - - 1 1 2
35-44 old 1 - 1 - 1 - 3 - 3
Total 2 1 1 2 1 - 4 3 7
Table 7. BLLs (>1) by TGs.
Presence/absence of lead Total
<1 pg/dL >1 pg/dL
ITG N 24 83 107
% within TG 22.4% 77.6% 100.0%
N 31 46 77
TGs TG % within TG 40.3% 59.7% 100.0%
N 20 51 71
T Group % within TG 28.2% 71.8% 100.0%
N 75 180 255
Total o) i o o o
% within TG 29.4% 70.6% 100.0%
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Table 8. RRs in TG I by Nosology Classes.

Classes of diseases TG 1
N %
Diseases of the circulatory system 371 51.7%
Diseases of the musculoskeletal system 203 56.1%
Diseases of the digestive system 119 57.2%
Diseases of the nervous system 58 53.2%
Diseases of the eye and its adnexa 44 65.7%
Cancers 64 54.2%
Diseases of the endocrine system 99 47.4%
Diseases of the genitourinary system 67 48.2%
Diseases of the blood and hematopoietic organs 32 46.4%
Diseases of the respiratory system 39 58.2%
Diseases of the ear 8 57.1%
Hypertension 271 50.7%
Table 9. RRs by Nosology in TG II.
Classes of diseases Teu
count %

Diseases of the circulatory system 448 56.4%
Diseases of the musculoskeletal system 246 60.6%
Diseases of the digestive system 104 53.9%
Diseases of the nervous system 77 60.2%
Diseases of the eye and its adnexa 45 66.2%
Cancers 58 51.8%
Diseases of the endocrine system 123 52.8%
Diseases of the genitourinary system 69 48.9%
Diseases of the blood and blood-forming organs |26 41.3%
Diseases of the respiratory system 42 60.0%
Diseases of the ear 7 53.8%
Hypertension 372 58.6%

oncological diseases. Environmental pollution with heavy
metals is considered one of the significant risk factors for these
two classes of diseases.

For other nosological categories, the statistical data for Bolnisi
were lower than both the regional and national averages.

The response rate for the survey, based on the 1,800
households initially planned in the survey protocol, was 98.9%.
A total of 1,780 households participated in the survey, with 590
households surveyed in TG 1, 599 in TG 2, and 591 in TG 3.
The chi-square test did not show difference by the risk factors
between the presumably exposed and control group, except of the
few variables. Furthermore, factors such as noise, deforestation,
air pollution, allergies to house dust, and proximity to high-
exposure sources were reported to affect TG 1 compared to the
Control Group. For instance, 56% of the surveyed population in
TG1 reported the presence of noise near their homes, compared
to 15% in the control group. Additionally, 82% of individuals
in TG1 mentioned deforestation, while only 5% in the control
group did. Similar patterns were observed for air pollution and
allergies to house dust: 56% in TG1 versus 16% in the control
group, and 42% versus 35%, respectively.

After examining the demographic data from the households,
each family member was surveyed regarding their health status.
The survey included 3,624 respondents from 1,780 households,
data on their activities, health status, and harmful habits were
collected. Health-related complaints were more prevalent among
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ITIG I % RR (95% CI) p value
346 48.3% 1.075 (0.950 - 1.216) 0.252
159 43.9% 1.280 (1.056 - 1.551) 0.011
89 42.8% 1.340 (1.030 - 1.744) 0.029
51 46.8% 1.140 (0.789 - 1.647) 0.485
23 34.3% 1.918 (1.165 - 3.156) 0.01
54 45.8% 1.188 (0.834 - 1.692) 0.339
110 52.6% 0.902 (0.696 - 1.170) 0.437
72 51.8% 0.933 (0.678 - 1.289) 0.673
37 53.6% 0.867 (0.544 - 1.382) 0.548
28 41.8% 1.396 (0.865 - 2.254) 0.17
6 42.9% 1.337 (0.465 - 3.841) 0.589
263 49.3% 1.033 (0.889 - 1.200) 0.673
;roillltll 9% RR (95% CI) p value
346 43.6% 1.400 (1.248 - 1.570) <0.001
159 39.4% 1.667 (1.388 - 2.000) <0.001
89 46.1% 1.263 (0.963 - 1.652) 0.09

51 39.8% 1.632 (1.156 - 2.304) 0.005
23 33.8% 2.115 (1.288 - 3.473) 0.002
54 48.2% 1.161 (0.809 - 1.667) 0.418
110 47.2% 1.209 (0.947 - 1.543) 0.128
72 51.1% 1.036 (0.752 - 1.427) 0.828
37 58.7% 0.760 (0.463 - 1.240) 0.275
28 40.0% 1.622 (1.012 - 2.598) 0.04

6 46.2% 1.261 (0.428 - 3.742) 0.675
263 41.4% 1.529 (1.335 - 1.752) <0.001

participants in the first and second TG, who were presumably
more exposed to environmental pollution. Specifically, 12-13%
of respondents in the first and second TG reported that their
health issues might be associated with environmental pollution,
whereas only 6.2% of individuals in the control group expressed
similar concerns. However, in the control group (third group),
the reported health complaints were somewhat lower compared
to the populations in the first and second TGs, which were
presumed to be exposed to environmental pollution. Among
the presumably exposed TGs, 12-13% of respondents indicated
that their health complaints might be related to environmental
pollution, whereas only 6.2% of individuals in the control group
reported similar concerns.

When comparing the health status of the female population
across the TGs, no significant or reliable differences were
observed.

In terms of the rates of cesarean sections, spontaneous
abortions, and stillbirths, women living in the first TG had a
lower share compared to those in the control group.

Biomonitoring.

For biomonitoring, 255 venous blood samples were collected:
129 from children and adolescents aged 5-18 years, and 126 from
adults aged 35-44 years, typically considered the healthiest and
most active age group. According to WHO guidelines, a blood
lead level (BLL) of >5 pg/dL requires medical attention, with



actions needed to identify and reduce lead exposure sources
[27,28]. The CDC recommends a lower threshold of >3.5 ng/
dL for children, using t,28his as a reference to identify elevated
BLLs [8]. Georgia should align with WHO recommendations,
providing medical assistance to children and pregnant women
with elevated BLLs.

The study's biomonitoring results showed significant
improvements in lead levels compared to previous data. In
2018, the MICS reported an average BLL of 4.2 ng/dL among
children aged 2-7 years in the Kvemo Kartli region [22]. Our
2023 study found a lower average of 1.8 pug/dL for both children
(aged 5-7 years) and adults (aged 35-44 years). Specifically, the
average lead concentration was 2.1 pg/dL in children aged 5-7
years, 1.7 pg/dL in children aged 5-14 years, and 1.96 pg/dL in
adults. This suggests minimal differences in lead concentrations
across age groups. The findings also indicated that elevated lead
levels were evenly distributed across the first and second target
groups.

Since the recommended BLL was only observed in 7 cases
(4 children and 3 adults), this difference is not statistically
significant the focus of the analysis was shifted. Rather than
examining instances of high lead concentrations, the general
presence of lead in the blood (i.e., concentrations >1 pg/dL)
was investigated. This approach was adopted because the WHO
does not define a safe threshold for lead in the body, and there
is existing literature suggesting that even low concentrations of
lead can have detrimental effects on human health. According to
Akinleye, Oremade, and Xu (2023), "findings showed that low
blood levels of cadmium (Cd) and lead (Pb) were associated
with higher odds of chronic kidney disease (CKD)“ [1]. Strieker
et al. (2024) state that "Even very low BLLs may harm. For
example, around four points lower intelligence test results were
found in children with BLLs between 24 and 100 pg/1" [2].

In light of this, the study focused on BLLs above 1 pg/dL.
The analysis revealed that the first TG exhibited a significantly
higher percentage of individuals with detectable lead levels in
their blood compared to both the second and third TGs.

As observed from the table, the presence of lead in the first
TG is notably high, while the control group falls between the
first and second TGs in terms of lead concentration. The results
of the current study are insufficient to fully explain this finding,
indicating that further research is needed. This observation
may be related to the general presence of lead within the
region’s population; however, additional studies are required to
investigate this hypothesis more thoroughly.

Statistical Analysis.

Study showed that TG 1 had significantly higher relative risks
(RR) for three ICD10 classes compared to control group.

The RR for "Diseases of the eye and adnexa" was found to
be the highest — data shows that TG 1 has 92% increased risk
of this ICD10 class compared to control group, suggesting a
stronger association between this condition and proximity to
mining and production activities (X*=6.19, P=0.012). Given
that open-pit mining has been ongoing for several decades,
during which both ore and waste rock have been exposed, it
is plausible that the mucous membranes of the eye have been
significantly affected by environmental exposure.
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In both presumably exposed groups (I and II), high RRs were
observed for the association between eye diseases and place
of residence, also musculoskeletal system morbidity and place
of residence. The strength and reliability of the association
between the residents of the ore and eye diseases were greater
than in the first TG (X?>=8.48, P=0.003).

As for the strength and reliability of the associations with
musculoskeletal diseases, they were found to be high in both
groups, particularly in the second TG—where the corrected chi-
squared value (X*= 17.0798) and the p-value (P = 0.000036)
were highly significant.

In the second TG, relatively high and significant RR were also
identified for circulatory diseases, including hypertension, as
well as for diseases of the nervous and digestive systems. This
indicates that, in the second group, a greater number of disease
classes showed reliable associations with residential territory
and exposure levels compared to the first TG.

Discussion.

The study conducted in the Kvemo Kartli region provided a
comprehensive assessment of the health risks and environmental
pollution faced by the population living close to mining and ore
processing activities.

The findings revealed that, in 2018, the average lead
concentration in the Kvemo Kartli region, as reported by the
MICS study, was 4.2 pg/dl [22]. Our study in 2023, showed a
significant reduction, with the average concentration falling to
1.8 pg/dl. However, MICS study was not designed to identify
prevalence of elevated BLL on regional level, so the numbers
are not directly comparable, but the decrease is obvious. The
decline in BLL in other region of Georgia has been studied
recently and our results are in line with it [19].

This reduction in lead levels over the past five years can likely
be attributed to several key factors:

1. Public Awareness Initiatives: Since 2018, intensive efforts
have been made to raise awareness of lead prevention measures,
targeting both medical professionals and the general population.
These efforts included television broadcasts, social media
campaigns, and the organization of annual lead prevention
weeks nationwide [23].

2. State Program for Lead Surveillance in Children:
Launched in 2019, this program facilitated the testing of
children with suspicious symptoms for lead exposure, followed
by additional diagnostic studies and treatment. The program
also included an investigation into the potential source of lead
in the home environment [21].

3. Environmental Protection Measures by Ore Mining
and Processing Enterprise: Between 2019 and 2022, the
enterprise underwent a complete overhaul of its equipment
and production processes, introducing significant measures to
protect the environment, including water, soil, and air. These
improvements are reflected in the positive changes observed in
ecological research outcomes.

An analysis of medical statistics for the past five years
indicated that disease rates in Bolnisi Municipality were
generally lower than the national average, with the exception of
diseases related to the circulatory system and oncology (class 2
diseases). Furthermore, demographic risk factors in households



did not show significant differences across the TGs, and there
was little variation between the exposed and control groups.
For instance, the local population of individuals aged over
50 years was lowest in TG 1. This is likely due to migration
patterns following the commencement of production activities
in the region. Additionally, the consumption of local fish was
notably higher in TG 1, which can be attributed to the proximity
of the settlements to local rivers. The living conditions in
the exposed areas appear to be comparable, with certain risk
factors impacting the population in similar ways. In both the
first and second exposed groups, elevated RRs were found for
associations between eye diseases and musculoskeletal system
disorders and residential proximity to mining/production sites.
The reliability of these associations was notably higher in the
second exposed group, particularly for eye diseases compared
to the first TG. In terms of musculoskeletal system disorders,
the association was strong in both groups, with particularly high
reliability in the second TG, as indicated by p-value < 0.05.
Furthermore, in the second TG, relatively high and statistically
significant RRs were observed for circulatory diseases, including
hypertension, as well as for diseases affecting the nervous and
respiratory systems. These findings suggest that, in the second
group, the correlation between disease outcomes and residential
location, as well as exposure levels, is more pronounced and
reliable than in the first TG.

The living conditions in the exposed areas appear to be
comparable, with certain risk factors impacting the population
in similar ways. In both the first and second exposed groups,
elevated RRs were found for associations between eye diseases
and musculoskeletal system disorders and residential proximity
to mining/production sites. The reliability of these associations
was notably higher in the second exposed group, particularly
for eye diseases compared to the first TG. In terms of
musculoskeletal system disorders, the association was strong in
both groups, with particularly high reliability in the second TG,
as indicated by p-value < 0.05. Furthermore, in the second TG,
relatively high and statistically significant RRs were observed
for circulatory diseases, including hypertension, as well as for
diseases affecting the nervous and respiratory systems. These
findings suggest that, in the second group, the correlation
between disease outcomes and residential location, as well as
exposure levels, is more pronounced and reliable than in the
first TG.

The biomonitoring results indicate a relatively low prevalence
of lead concentrations above 5 ug/dl (2.74%), with only 7 cases
out of 255 showing such elevated levels. Further analysis of
BLLs between 1 and 5 pg/dl revealed that 70.6% of respondents
exhibited these concentrations, with a higher percentage of
children (75%) showing low lead concentrations. This was
particularly prevalent in the first TG (72%), followed by the
second (50%) and third (54.5%) groups.

Higher RRs for more disease classes in the second group
compared to the first, can be explained by the fact that 55%
of respondents in the second group were over 50 years old,
compared to 45% in the first and third groups. Therefore, this
higher proportion of older individuals in the second group
would contribute to a higher prevalence of chronic diseases, as
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compared to the relatively younger populations in the first and
third groups.

For further research in this region, it would be appropriate
to combine the first and second groups into a single exposure
TG, while doubling the size of the control group. This would
enhance the ability to detect more accurate differences between
the groups.

The search for RRs across different TGs, as well as the
comparison between biomonitoring results and identified ICD10
classes, did not identify any potential risks. The differences in
biomonitoring results between the presumably exposed groups
and the control group were not statistically significant enough to
establish any substantial risk.

Study limitations.

The study had some limitations: a) while associations are
observed, causality cannot be definitively established. b)
Environmental study was very limited due to the existing
budget. c) Part of the target areas (Kushchi, Kasumlo) was likely
polluted by industries located in a neighboring state (Armenia),
which we did not have the opportunity to research within the
framework of this project.

Conclusion.

The study revealed a significant reduction in mean blood lead
levels (BLL) in the Kvemo Kartli region, dropping from 4.2 pg/
dL in 2018 to 1.8 pg/dL in 2023. This improvement is linked to
public awareness efforts, a state lead surveillance program for
children, and environmental measures by the mining enterprise.
Despite the decrease, low but credible health risks remain for
populations near mining sites, with isolated cases of higher
BLLs observed. These findings underscore the need for ongoing
monitoring and research.
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