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Lead exposure source identification and assessment of public health interventions’ effect on

blood lead (Pb) level reduction

1. Introduction

1.1. Importance of sudy questions
In recent years, reports of lead poisoning/contamination have dramatically increased in
Georgia. Inresponse, Georgia’s National Center for Disease Control and Public Health (NCDC)
conducted a small scale survey in November-December 2015. Two hundred fifty four (254)
children, aged 2-5 years, tested for blood lead level (BLL) at The Iashvili Children’s Hospital
in Thbilisi showed that 33% of survey participants had BLL >5pg/dl, 9.5% =10pg/dl, 2.8%
>20pg/dl and 0.4% >45pg/dl [2]. In December 2015, NCDC investigated 46 children aged 4-6
years from 10 villages of Bolnisi and Dmanisi districts. The investigation found that, 30.4% of
participants’ had BLL >5pg/dl. In 2017-18 the follow-up survey showed that, approximately
37% of the participants still had a BLL >5pg/dl.

Given concerns about the possible severity of exposure to lead in Georgia the National Multiple
Indicator Cluster Survey (MICS)conducted in 2018 included blood sampling component, was
funded by UNICEF and conducted in collaboration with the NCDC, National Statistics Office
of Georgia and Italian Istituto Superiore di Sanita’ (ISS) (National Statistics Office of Georgia.
2018). A nationally representative sample of 1578 children aged between 2 and 7 were tested

for BLL. Results showed that in 41 % of all children, Pb concentration was higher than 5 pg/dl,



with regional variation from a minimum of 18% in Kvemo-Karteli to a maximum of 85% in

Adjara.

In 2011, 2015 and 2017 New York Health Department found especially high levels of lead in

Georgian spices as well as in the blood of Georgian expats living in New York.

Routine monitoring data for the period of 2017-2018 on Pb concentration in soil, obtained
from the National Environmental Agency (NEA), showed that out of analyzed 485 soil samples

22% (105/485) had Pb concentration above acceptable level.

Thilisi State University conducted two studies in 2014 and 2017 in southern part of Georgia
(Bolnisi and Dmanisi) showing that already high contamination of soil by lead, mercury and
cadmium was higher in 2017 compared with 2014. Pollution of soil by Pb and other metals

has been associated with industrial activity and pollution of water.

Analysis of routine monitoring data (2017-2019) obtained from The National Food Agency
(NFA), showed that lead above the limit values was mainly found in dairy products and in

spices.

According to a report by the Centre for Strategic Research and Development of Georgia, toys
sold in Georgia, among other harmful metals, contain high levels of lead [7], while according
to the International pollutants Elimination Network (IPEN), the same is true in terms of lead

content in the paints sold/used in the country.

A study conducted in January-March in 2019 included 17 families living in Tbilisi, who were
selected from Facebook users for whom blood analysis for Pb had been conducted and had
low, middle or high level of BLL. The study aimed to find possible sources of lead exposure.
Out of 268 different samples (food, toys, building materials, dust, cosmetics etc) lead was found

in building materials, toys, spices, cosmetics and other materials.



All accumulated evidence moved public health agencies to establish an initial public health

action plan to assess environmental samples and develop state program for further monitoring

of BLL in children.
1.2. Aim of the Study

The aim of the study was to identify lead (Pb) (potential) sources with isotope ratio method
and to determine the Pb level in children with elevated BLL identified from the nationally

representative MICS sample, and provide an initial evaluation of such interventions.
1.3. Study novelty

As a result of MICS- 2018 country implemented various public health interventions, such as:
written communication with families and implementation of the state program to monitor
the blood lead level (BLL) among these children. No study was conducted to analyze the

effect of such interventions of children’s BLL.

Despite the fact that elevated level of lead (Pb) was found in various environmental samples
as well as in children’s blood no study before had an ability to say that particular
environmental sample was the source of lead exposure for child. In our study employed the
lead isotope ratio method, which enabled us to make the connection between the

environmental sample and the lead isotope found in child’s blood.
1.4. Literature review

Lead (Pb) is a widespread environmental toxicant that causes adverse health effects such as
cardiovascular, renal and hepatic system disorders in adults, neurological and behaviour
disorders, lower IQ, slowed growth and anemia in children. Lead exposure occurs in multiple
settings both indoors and outdoors, mainly through ingestion or inhalation. People can be
exposed in multiple locations in their homes and/or in the outdoor environment, while for

some the workplace, may present the greatest potential for exposure. Within the same location



people can be exposed via multiple sources, such as water, food, dust or paint. Sources of Pb
exposure vary across age groups.

When used as part of an environmental health investigation, the analysis of isotopic ratios can
be a tool for identifying the major source of exposure. Natural Pb consists of four stable,
quantifiable isotopes. The Pb isotopes of atomic masses 206, 207, and 208 are radiogenic and
arise from the radioactive decay of isotopes 238U, 25U, and 22Th, respectively, while Pb with
atomic mass 204 is non-radiogenic and has been present since the origin of the solar system.
In the UK, Pb surveillance resumed in the last few years, when it became clear that, even
following removal of leaded petrol, elevated BLCs still persisted and were harmful to health.
A surveillance approach based on health service laboratory data has allowed identification of
exposed children, who benefit from targeted interventions. In contrast, a nationally
representative French sample of children was investigated with the goal of identifying several
environmental Pb sources and ranking them in order of importance for the country. The
process of establishing such national surveillance and clarifying sources across a representative
sample of children went through several phases of development and investigation. In the
absence of such an approach, any intervention aimed at reducing the Pb exposure problem
would be limited by lack of information about the relative importance of different Pb sources
in driving the exposure in children.

2. Study methodology
2.1. Public Health Interventions

The public health interventions implemented after MICS-2018 was considered as tow stage
interventions. The first-stage intervention was based on written and verbal communication on
reducing Pb exposure by NCDC and its regional partners to the families of children who
participated in the MICS-2018, and the second-stage intervention was the state program of

clinical follow-up, which was implemented from August 2019 onwards. In the framework of



the state program. The state program also included MICS-2018 participants’ family members

< 18 years old and pregnant family members.
2.1.1. Statistical analysis

The design was a longitudinal study with an observational design to monitor the changes in
BLL following the public health interventions implemented after the MICS2018 survey
identified a large proportion of BLL exceeding the action level, and it was considered as a two-

stage intervention in all children included in the MICS-2018 survey and their household

Exposure variables were participation in state program and being involved in communication.

The outcome variable was BLL.

Initially we performed descriptive analysis. For quantitative variables we calculated mean and
standard deviation, as well as median and IQR. For qualitative variables we calculated

percentages.

We employed statistical modeling approach that allows the measurements from the same child
to be correlated. A log transformation was applied to the outcome data (BLL). The log-
transformed data were then used as response in modeling. The subdivision of the regions into
west and east was used as strata in the model. The model included the region as a random effect
in addition to the program. The model allowed the observations to be correlated with the same
child. A component symmetry or exchangeable correlation was selected to fit the study design.
The MICS-2018 was set up as the baseline/reference category in the model. This immediately
implies that the August 2019 and most recent BLL data could be directly compared from model
results. Let Y_ijkl denote the log-transformed random variable (BLL) of the Ith measurement
(1=1, 2, 3 program), from the kth child (k = 1,. . . ) within the region j (j = 1,. . . ) from the
strata I (i =1 = West, 2 = East). The linear mixed model underlying the data analysis is then
given by Model 1: Y_ijkl = p+ o_i + f_il + u_(j(i)) + e_ijkl (1) where p (West) is the intercept,
o_2 =0and o_1 is the strata effect (East). The p_ik (i=1,2 and 1= 1, 2 and 3) is the program



effect with f_il =0, i.e., the MIC-2018 was set to baseline. The region with random effects,
u_(j(1)), is independent normal variable with zero means and common variance @. The last
term e_ijkl corresponds to the normally distributed error terms. The error terms are allowed
to be correlated within children and independent between children. An exchangeable or
constant correlation structure was adopted here. The model parameters were estimated using
the restricted maximum likelihood (REML) method. The computation was done in SAS using

[SAS/STAT] software, Version 9.4 of the SAS 64 BIT WIN.
2.2. Lead (Pb) exposure source identification with isotope ratio analysis

Analysis of BLC data of children included in the MICS showed that in five regions: Adjara,
Guria, Samegrelo-Zemo Svaneti, Imereti, Racha-Lechkhumi-Kvemo Svaneti, the geometric
mean of the BLC was >5 pg/dL. In six regions; Tbilisi, Kakheti, Mtskheta-mtianeti, Shida Kartli,
Kvemo Kartli, and Samtkhe-Javakheti the geometric mean of the BLC was <5 pg/dL. We
developed slightly different sampling approaches for the regions with BLC geometric mean >5
pg/dL and <5 pg/dL.
The sampling approach for the regions where geometric mean of the BLC was >5 pg/dL was
in two steps:
[0 first, within each region the district was included if the geometric mean for the BLC
was >10 pg/dL;
[ then within each of these districts the child was identified as a potential participant for
this study if his/her BLC in MICS survey was >10 pg/dL
The sampling approach for the regions where geometric mean of the BLC was <5 pg/dL was
also in two steps:
[0 first, within each region the district was included if the geometric mean for BLC was
>5 pg/dL;
[ then within each of these districts the child was identified as a potential participant for

this study if his/her BLC in MICS survey was >10 pg/dL.



In general, if within the district where geometric mean of the BLC was >5 pg/dL, but no child
had a BLC >10 pg/dL, the district was excluded from the study, with the exception mentioned
next. Other considerations for districts’ selection were the following: (i) districts where the
geometric mean of the BLC was <5 pg/dL, were still included if routine data monitoring
analysis showed that the Pb level in soil was above the limit value (32 mg/kg). Again, children
in these districts were identified as a potential participant for this study if his/her BLC in MICS
survey was >10 pg/dL. (ii) if this condition was not met the district was excluded from the

study.

2.2.1 Statistical analyses

To identify the sources of exposure to Pb, the isotopic signature of the child's blood was
compared with that of environmental samples collected in and around the child's dwelling.
The compatibility between blood and potential exposure was assessed by comparing the Pb
isotope ratios (LIR) derived from the 4 Pb isotopes, taking into account the confidence
intervals (Cls) formed from the LIR and measurement precision (standard error of the mean).
In other words, we examined whether there was "overlap" between the LIR CIs. A source was
considered, and therefore interpreted as having an explanatory value in terms of the child’s
exposure to Pb from an environmental source, when there was an intersection at 95 % (2SE).
After studying the residuals under an initial model, a log transformation was applied to the

outcome data (BLC). The log-transformed data were then used as response in modeling.

Discriminating factors

In most of the studies conducted on the subject, the authors have represented the intersection
based on 2 to 3 LIRs considered the most discriminating (which make it possible to distinguish
most clearly between the sources), but without justification. In this study, we adapted the
method adopted in France [26] and chose the most discriminating LIR by calculating a

discriminating factor (DF), with



DF = CV/rSD
where CV: inter-sources coefficient of variation of the LIR in the same dwelling and rSD:
relative Standard Deviation (mean). DF was calculated for each individual child. The
distribution of the DF for all six LIRs was then calculated. The DFs mean was greater than one
for all 6 LIRs. It immediately follows that each of the six LIRs can be used for investigating the
association between blood and environmental samples. However, for the operational reasons,

the two most discriminating LIRs were selected.

3. Results

3.1. Public health intervention study results

The state program dataset which was extracted as of 1* of January, 2020, were registered 423
children, out of which 38% (160 children) were tested for BLL only once, 41% (175 children)
were tested twice, 19% (80 children) were tested three times and 1.9% (8 children) were tested
four times. The regional distribution of the cohort across the 10 regions of Georgia varied from

a minimum of 9 children in Kvemo Kartli to a maximum of 99 children in Guria.

We observed the overall reduction of median BLL between MICS-2018 (9.6 pg/dL) and August
2019 (7.1 pg/dL) test results and between MICS-2018 and the most recent BLL results (6.8
pg/dL). However, there was not enough information to support significant changes between

the August 2019 and the most recent BLL results.

The reduction of BLL was statistically significant (p < 0.001) both in the Eastern and Western
regions of Georgia. The mean reduction is greater between MICS-2018 and the most recent

BLL results in both regions compared to MICS-2018 and August 2019 BLL results.
3.2. Lead (Pb) exposure source identification study results

The field visits took place from November 2019 until February 2020. Data was collected in two

rounds. During the first visits November-December 2019 the questionnaire was completed and



all samples were collected except for dust and soil. During the second round of the field work
January-February 2020, dust and soil samples were collected. The final sample set consisted

of 36 children from seven regions of Georgia.

The minimum age of the children at the interview was 3 years and maximum 11 years. Median

age was 7 years (IQR 4 years - 8 years). Of the 36 children, 19 (53%) were male.

Blood samples were taken from all 36 children included in the study. The minimum BLC was
2.6 pg/dL and the maximum was 39. 9 pg/dL. The median BLC was 12.5 (IQR 8.3 pg/dL - 18.9
pg/dL). Only 2 of the selected children had a BLC below the reference value (5 pg/dL) but were
chosen because of soil Pb concentration. In 12 (33%) children BLC was between 5 pg/dL and
10 pg/dL. In 22 (61%) children the BLC was above 10 pg/dL.

Although the BLC remained high, a decrease in BLC was observed in 81% (n=29) of the
children when compared to the MICS data of 2018. The maximum decrease was 15 pg/dL and
the minimum 0.9 pg/dL. The median decrease was 5.8 pg/dL ( IQR 8.6 pg/dL — 4.1 pg/dL).

3.3. Descriptive analysis of environmental samples

Of the sampled spices, Pb levels above the reference value (5 mg/kg) was mainly found in blue
fenugreek (11 samples out of 14, 78.6%), yellow flower (7 samples out of 13, 53.8%) and in
spice mixes (13 out of 20, 65.0%).

Thirty-two households out of 36 (88.9%) mentioned that the child eats the same food as the
parents, including food cooked with spices.

Lead level above the limit value was found in 54% of paint, 43% of spices, 25% of soil and 10%

of dust samples

3.4. Lead isotope ratio analysis of individual cases
The LIR analysis at the individual child level showed that Pb ratios from the spices was

contributing to ratios the blood in 72% (26/36) of children, dust Pb isotope ratios was



contributing in 53% (19/36) of children, paint in 11% (4/36) of children, toy in 11% (4/36) of
children and tea in 3% (1/36) of children. In 14% of children (5/36) we did not find a clear
close association between the isotope ratios from the environmental samples and those from

the blood.
4. Conclusions and recommendations

In the Georgian setting, we documented a significant reduction of BLL in children over a
relatively short time period. This can be attributed to a range of proactive interventions by the
public health authorities alongside media interest in the country. We observed most of the
reduction in relation to a relatively simple set of interventions which included individual
written and verbal communication together with home visits in the subgroup with highest
exposure. The more robust intervention (such as state program which included medical
examination) was targeted to the same children and appeared to maintain this BLL reduction,
although this could be documented only for a short period of time. Evidence-based,
individually tailored, targeted interventions could be designed and should be implemented.
On that basis, once the key Pb sources are identified, it may be feasible to achieve a further
sustained reduction of BLL among children already identified, and more importantly achieve

a reduction among all children exposed.

Several potential Pb sources such as drinking water, milk, flour and contaminated soil were
ranked low as an explanation of elevated children BLC, whereas others such as dust, paint, and
spices were ranked high overall. Preventative actions must target household settled dust,
dietary spices and explore further the role of old paint, This result provides an insight of
practical relevance when developing strategies for management of Pb exposure across this
population, as it allows health agencies to priorities interventions directed at highly ranked Pb

environmental sources most likely to explain children’s exposure across the country.



This study documents the feasibility of implementing Pb isotope ratio analysis to a population
sample of children exposed to Pb from multiple sources of unknown relative importance,
provided this work is designed and implemented by a multi-disciplinary team with experience
of public health systems, environmental epidemiology, environmental health field work,

analytical chemistry and toxicology applied to health protection.

The results contribute to a new direction in application of lead stable isotope ratios

measurements for identifying and then reducing prevalent lead sources associated with high

BLCs



