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Abstract

This study's goal was to determine the amounts of lead in schoolchildren's deciduous
teeth from Turkey's Erzurum, Tuncbilek, Yatagan, and Didim. 50 girls and 54 boys aged 7 to
11 had their 104 deciduous teeth collected. Atomic absorption spectrometry was used to
measure the lead amounts. Limits for detection and quantification have also been estimated,
along with the method's linearity, precision, and accuracy. A linear response was seen for lead
concentrations ranging from 10 to 1000 ng/mL. Repeatability of the method gave Relative
Standard Deviation (RSD) of < 3.87 %. Tuncbilek and Yatagan are suburban areas that have
thermo electrical centrals. The mean levels of lead in Tuncbilek and Yatagan were found as
12.44 + 4.53 pg/g and 8.48 + 3.53 pg/g, respectively. Erzurum is an urban area by heavy traffic
and air pollution and the mean level of lead in this area was found as 7.49 + 2.71 ug/g. Didim
is a suburban area. The mean level of lead was found as 9.49 + 3.54 pg/g.

Introduction

In many nations, environmental degradation brought on by heavy
metals is of concern. One of the most typical environmental contaminants
islead [1-4]. The primary source of human lead absorption is lead in traffic.
Leadismostlyreleased into the atmospherewhenlead-containing gasoline
is used, and it enters the food chain when it deposits on crop plants and is
inhaled as dust [5]. Other exposure sources include unregulated industrial
emissions, work-related take-home exposures, and other focused sources
such battery recycling and lead-glazed ceramics [1,2]. More than 0.4% of
the lead in the air comes from gasoline and other petroleum products [6].

The largest source of lead pollution, which comes from car exhaust
gases, is the environment. Lead contamination is a global issue. One of
the most significant and pervasive contaminants in the environment is
lead [7]. Lead has been distributed throughout the environment as a result
of human activities and the extensive use of lead in industry, which has
contaminated the air, water, and food. As a result, human blood and body
organ lead levels have considerably increased [8]. The central nervous
system is thought to be the essential organ of lead toxicity in children [10],
despite the fact that it accumulates mostly in calcified tissues in the body
[9]. According to data found in the literature, lead is one of the elements
that builds up mostly in calcified tissues like teeth and bones [11].
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Lead can cause various illnesses and in particular
affect the performance of the central nervous system.
Elevated lead concentrations in the teeth can be
correlated with the deterioration of a variety of
neurological parameters such as tapping and pattern
recognition [12] and internalizing and externalizing
scores within total problem behavior [13]. Lead in
blood, teeth, hair, and bone can be measured in order
to determine lead exposure, and the amount of lead
in the body can then be calculated. Lead builds up in
bones and teeth, yet little lead is discharged from
teeth [9,14-16]. Its yearly accumulation in bone and
other hard tissues is thought to be closely correlated
with blood lead levels. Teeth have thus been widely
employed as biological markers of exposure to
environmental contamination and are good indicators
of lead pollution in the environment [16-19]. Because
theyinclude information on exposure to elements that
are deposited in the tooth material, the teeth are abio-
indicator of great importance. The hydroxyapatite
crystals that make up the mineral tissue of the tooth
include trace components that can reveal information
about dietary choices and environmental influences
[1,20,21]. Dental restorative materials don't contain
lead, but trace amounts of the metal have been
discovered in glass ionomer and composite filling
filler particles [22]. According to research, metals are
integrated into the developing dental tissues at the
moment of exposure, and lead in teeth can be found
in various functional and anatomical regions of each
tooth. Teeth are another excellent example because
they are a readily available material [23].

X-ray fluorescence spectrometry [21,27], atomic
absorption spectrometry [16,28,29], and inductively
Coupled Plasma-Mass Spectrometry (ICP-MS)
have all been reported as methods for determining
the presence of lead in teeth. There have been two
studies in our country that examined the levels of
dental lead in children, according to the literature.
In order to compare the amount of lead in children's
deciduous teeth obtained from Ankara, the capital of
Turkey, and urban and suburban areas, Karakaya, et
al. [30] Children who had been residing in Ankara and
Balkesir districts had their deciduous teeth tested for
lead levels by Karahalil, et al. [31].

Our goals were (1) to validate of Graphite Furnace
Atomic Absorption Spectrometry (GFAAS) method to
determine of lead in deciduous teeth (2) to analyze
in deciduous teeth of children who have been living
in Erzurum-Centre, Kutahya-Tuncbilek, Mugla-
Yatagan and Aydin-Didim from suburban and urban
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areas in Turkey (3) to compare our results to previous
study carried out by Karakaya, et al. [30]and Karahalil,
et al. [31] in Turkey.

Experimental
Instrumentation

Lead levels were determined with a Perkin-
Elmer AA600 Atomic Absorption Spectrophotometer
equipped with a Transversely Heated Graphite
Atomizer (THGA) and longitudinal Zeeman
background correction, auto sampler AS 800 and
analytical balance Sartorius RC 210 D and the device
for double deionized water Millipore Q.

Chemicals and reagents

A standard solution of Pb (II) (100 pg/mL) was
prepared from Pb(NO,), of analytical grade purity
(Aldrich Chemical Company). Chemical modifier
NH, H,PO, (99.999%, Analytika Praha) was prepared
dissolving 1g of itin 100 mL deionized water. Hydrogen
peroxide (30% v/v, semiconductor grade Analytika
Praha) and nitric acid (65% v/v, Analytika Praha)
were used for the sample preparation (washing,
dissolution).

In order to avoid lead contamination, all used
reagents were analytical grade and all solutions
were prepared with deionized water. All solutions
were stored in polyethylene bottles. All polyethylene
calibrated flask, the beaker, bottles and the filters
were immersed in 10% HNO, for 12h at least, then
washed with deionized water. They were dried at
35°C during day in order to remove possible previous
contaminations and labeled.

Study area

Deciduous teeth were collected from Tuncbilek,
Yatagan, Erzurum and Didim. Tuncbilek has a
population of 7000 in the town. Yatagan has a
population of 46000 in the town. Erzurum has
a population of 375000 in the city. Didim has a
population of 55000 in the town. The causes of
choosing these areas: Tuncbilek and Yatagan are
geographically located in an industrial area that
there is thermoelectric power close to this places and
Erzurum is a city where is far from the industries and
Didim is a tourism town.

Sample collection and preparation

Prior to the study, the clinical protocol was
approved by the Ethics Committee of Faculty of

Turgut H, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1746
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Dentistry, Ataturk University. Three dentists had
visited the selected areas (Tuncbilek, Yatagan,
Erzurum and Didim) (Figure 1).

Allvolunteer children were given written informed
consent to participate in the study according to the
principles of the Declaration of Helsinki. A dental
inspection was performed in a few primary schools
in there. 104 deciduous teeth from children aged 7-11
years (50 girls and 54 boys) were collected from these
areas. The polyethylene tubes were used to keep the
teeth samples. The causes of choosing these areas:
Tuncbilek and Yatagan are geographically located in
an industrial area that there is thermoelectric power
close to this places and Erzurum is a city where is far
from the industries and Didim is a tourism town. The
children who had been resident in the same area since
birth and had exfoliating tooth as a result of second
dentition were selected and the genders were noted.
Taking the parents permissions, the chosen children
were brought to a dental clinic and the indicated teeth
were extracted. Each tooth was kept at -20°C in a
polyethylene tube. Because of the physiological tooth
restoration, teeth have no roots. Additionally, fillings
and caries-ridden teeth are removed.

104 children were included in this study. Teeth
samples were taken from 104 of approximately
750 children who underwent dental check-ups in 4
different regions. While taking dental samples, tooth
decay and teeth that needed to be removed after
dental examination were taken into consideration.
These rotten teeth were sometimes in the front and
some in the back. What was important for us was the
control of the decayed teeth and then the analysis of
lead exposure by removing the decayed tooth.

Tunchbilek

Didim

' Y atagan
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The teeth were rinsed in 30% H,0, to eliminate
soft tissue remnants before disintegration. Six
separate samples were leached with 2 mL of 10% H,0,
to test for lead losses possible during the washing
process, and the leachates were examined after 1,
5, and 24 hours. All absorbance readings, including
the blank, fell within the range of 0.001 - 0.003,
showed no discernible pattern with leaching time,
and were within the instrument's noise limit (0.005
A) as specified by the maker. Therefore, the materials
were overnight leached in H,0, in subsequent studies.
Whole teeth were cleaned with double-deionized
water after the soft tissue was removed, dried in a dry
box for an hour at 80°C, and then weighed into a glass
vessel for dissolution. The weight of a child's entire
tooth ranged from 0.098 to 1.280 g, with an average
of 0.284 g. The tooth sample consisting of decayed
enamel and dentin obtained from the children was
taken directly into the test tube. No grinding was done
during this time. 2 mL of 65% HNO, and 0.4 mL 0f 30%
H,0,were added to the tube and after cooling diluted
with double deionized water to the final volume of 10
mL. Dissolution was completed within 15 min.

Setting of measurement parameters

The following instrument settings were made:
baseline offset correction 2s, signal processing peak
area, slit width 0.7 nm, wavelength 283.3 nm. A 250
mL/min flow of argon was employed as a purge
gas (stop-flow during atomization). Background
correction for deuterium was implemented. The tubes
had an integrated L'vov platform and were covered in
pyrolytic graphite. Lead samples were subjected to a
matrix-modifying method using NH,H,PO, in order
to limit inevitable Ptot loss during the charring/

Erzurum

Figure 1 Erzurum-Centre, Kutahya-Tungbilek, Mugla-Yatagan and Aydin-Didim regions in Turkey.
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Lif€fature

atomization step, regulate at the best matrix
interferences, and eliminate the unpredictability of
sample drying procedure. In order to study pyrolysis
and atomization temperatures, 1% NH H,PO, (50
pg/injection) was used as a chemical modifier.
Temperatures of 850°C for pyrolysis and 1300°C for
atomization were used, respectively.

Preparations of the standard and quality control
(QC) solutions

Pb (II) working solutions to 10, 25, 50, 100, 150,
200, 400, 600, 800 and 1000 ng/mL concentrations
were prepared from the stock solutions (100 pg/mL)
in deionized water. The spectra of standard solutions
of Pb (II) and teeth of children according to regions
are presented in figure 2A.

For the QC samples containing concentration 75,
300 and 700 ng/mL of Pb (II), the stock solution was
diluted with deionized water.

Results
Method development and optimization

Drying, ashing (pyrolysis), atomization, cooling,
and cleaning are the five sequential processes that
are carried out on the sample and equipment when
performing metal analysis by GFAAS. The temperature
is gradually raised throughout this procedure in
an effort to get rid of the majority of the sample
matrix while keeping analyte loss to a minimum. The
analyte is transformed into the gas phase during the
atomization process, where it can absorb light from
the source. The analyte concentration can finally
be calculated using the obtained absorbance. The
relative volatilities of the sample matrix and target
analyte in GFAAS are usually controlled through a
method called “matrix modification.” A chemical
compound or “matrix modifier” is added to the
sample prior to analysis, and the specific matrix
modifier is selected to obtain either an increased
matrix volatility or decreased analyte volatility
during the pyrolysis step. Argon was used as the purge
gas. Deuterium background correction was applied.
Quantification was performed using the peak area per
second. The pyrolysis and atomization temperatures
used were selected at 850 and 1300°C. In addition,
the recommended chemical matrix modifier was
utilized 1% NH, H,PO,. Aliquot samples for the lead
standard larger than 25 pL were not used in order to
prevent carryover and overfilling the tube. Aliquots of
matrix modifier smaller than 3 pL were not used. The
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optimum aliquot size of the 200 ng/mL lead standard
was found to be 25 nL although we later found that
using 20 pL aliquots gave an absorbance signal close
to that of the first value. The optimum amount of
matrix modifier to be used was determined to be 3 pL.

Validation of the method

Six iterations were used to establish the peak areas.
The peak area against lead amount was fitted linearly
using least-squares techniques to get the calibration
curves. The findings of the QCs were used to assess the
precision between and within runs. Over the course of
sixvalidation runs, the mean values and RSD for QCs at
three concentration levels were computed. A one-way
analysis of variance was performed on these numbers
to determine the intra- and inter-run precision (RSD).
Using the Standard Reference Material NIST 1486
(bone meal), the method's accuracy was evaluated
and the mean value was calculated. Except for the QC
samples for the Limit of Quantification (LOQ), where
a deviation of 20% was permissible, each QC value's
precision and accuracy should not exceed a variance
of 15%.

Linearity

The linearity of an analytical method is its ability
within a definite range to obtain results directly
proportional to the concentrations (quantities) of
an analyte in the sample. The calibration curves
were established by plotting versus 10-1000 ng/mL
(10, 25, 50, 100, 150, 200, 400, 600, 800, 1000 ng/
mL) lead concentration (Figure 2B). The equation of
the calibration curve obtained from six points was y
= 0.0003x-0.0121 with a correlation coefficient (r =
0.992). The standard deviations of intercept and slope
are 2.62x1073and 2.83x107%, respectively.

Precision and accuracy

Assay precision was determined by repeatability
(intra-day) and intermediate precision (inter-day).
Repeatability during the same day and intermediate
precision on different days (3 days) were evaluated
with six replicates of QC samples at concentrations
of 75, 300 and 700 ng/mL. The RSD% value for intra-
day precision was <4.0% and for inter-day precision
was £6.5%. Accuracy of the measurement was tested
using the Standard Reference Material NIST 1486
(bone meal). Our found value (1.342 + 0.129 ng Pb/g)
agreed well with the certified value (1.335 + 0.0149
pg Pb/g). The bias values for intra- and inter-day
accuracy were <4.0% and £5.0%, respectively.

Turgut H, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1746 867
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Figure 2 A) Spectra of lead standard solutions (10, 25, 50, 100, 150, 200, 400, 600, 800 and 1000 ng/mL); B) Mean calibration graph (n = 6); C)
Spectra of teeth of children (a: Aydin-Didim; b: Erzurum-Centre; c: Mugla-Yatagan; d: Kiitahya-Tuncbilek).

Limit of detection and quantification

The smallest amount of lead in a sample that can
be identified, but not always in exact proportions, is
known as the Limit of Detection (LOD). The smallest
amount of lead that can be accurately quantified
in a quantitative manner is known as the Limit of
Quantification (LOQ). By injecting progressively
lower concentrations of the standard solution under
chromatographic conditions, the LOD and LOQ_ of
the devised technique were determined. The lowest
concentrations measured where the signal-to-noise
ratio was at least 10:1 were regarded as the Limit of
Quantification (LOQ). The signal-to-noise ratio for
the LOD was set at 3:1. Lead was found to have LOD
and LOQ_values of 2.5 and 7.5 ng/mL, respectively.

Stability

The stability of Pb (II) in solution was assessed by
analyzing low (75 ng/mL), medium (300 ng/mL) and
high (700 ng/mL) concentration level samples after
storage for different times and temperatures. The
short-term temperature stability was assessed by
analyzing three aliquots of each of the low, medium
and high concentration samples at room temperature

for 72 h. The long-term stability was assessed after
storage at -20°C for 2 weeks. The stability results
indicated that no significant degradation of Pb
(I1) in solution under the tested conditions. The
accuracy of Pb (II) stability was obtained for the room
temperature, 4 and -20 °C refrigeration temperatures
97.3, 98.6 and 99.1%, respectively. These results are
within the acceptance range of 90-110%.

Ruggedness

Five sets of experiments for Pb (IT) were carried out
using two different analysts; no significant difference
was obtained between the results in this study.

Discussion

Duetoincreasedurbanizationandindustrialization
in emerging nations without adequate preventive
measures, lead is a hazardous chemical that poses a
threat to human health. One of the most significant
and pervasive contaminants in the environment
is lead. This environmental pollution is a concern
on a global scale. Children are more vulnerable to
chronic lead poisoning than adults are. This research
was held in 104 children to detect dental lead levels

Turgut H, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1746 868
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in Erzurum-Centre, Kutahya-Tuncbilek, Mugla-
Yatagan and Aydin-Didim. Tuncbilek and Yatagan are
suburban areas that have thermoelectrically centrals.
Erzurum is an urban area by heavy traffic and air
pollution. Didim is a suburban area. The mean of
tooth lead levels of children from different cities are
given in table 1.

The mean lead level was highest in Kutahya-
Tungbilek (12.44 ng/g) and lowest in Erzurum-Centre
(7.49 ng/g). The variation in lead levels between teeth
in different cities was examined using a programmed
ANOVA. All of the children's teeth from every region
were tested at the 95% confidence level. Between
three regions (Erzurum-Centre, Mugla-Yatagan, and
Aydin-Didim), we were unable to detect a statistically
significant difference. However, compared to the
other three regions, Kutahya-Tuncbilek had a
significantly higher lead level. In Kutahya-Tuncbilek,
lead sources must be investigated, families must be
educated, required preventive actions must be taken,
and frequent measurements of dental lead levels
must be made.

Also, we could not observe a statistical significant
correlation between boys and girls (Student’s t-test, p
> 0.05). The average teeth lead level for boys and girls
were found to be 9.27 + 3.745 pg/g (min-max, 3.96 -
24.37) and 9.69 * 4.621 png/g (min-max, 4.75 - 19.18),
respectively. Comparison of mean dentin lead levels
in deciduous teeth from other countries is presented
in table 1.

In Piracicaba, Brasilia, industrialized and non-
industrial districts, Gomes, et al. [1] measured
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the quantity of lead in the superficial enamel of
deciduous teeth from 4- and 5-year-old children. In
industrialized and non-industrialized areas, the lead
concentrations were 220 and 140 pg/g, respectively.
A battery manufacturing is located in an industrial
sector in Piracicaba. They claimed that there was no
discernible difference in lead concentrations between
areas with and without industries. They used the
tooth's outer enamel, which contains a lot more lead
than the inner enamel or the entire (dissolved) tooth.
Due to the different methodologies, we are unable to
compare our data to the findings of Gomes, et al. [1].
They discovered no distinction between areas with
and without industries.

Omar, et al. [33] discovered a substantial difference
and linked it to Egypt's increased industrialization,
which includes more car exhaust fumes, industrial
pollutants, the usage of canned food, and perhaps
contaminated water.

In Bahrain, children's deciduous teeth were
examined for lead levels by Al-Mahroos and Al-
Saleh [8], who discovered a (notorious) rise in lead
levels in the city. Leaded paint and gasoline has
been utilized for residential purposes in Bahrain.
Our results were much less significant than those
found in these investigations. There are numerous
factors that account for these variations. It is
challenging to compare studies where several lead
indicators (blood, teeth, and hair) were utilized
since they represent various exposure times, sample
variability, and insufficient lead assessment [38].
Additionally, sampling techniques may vary from
laboratory to laboratory. We attempted to compare

Table 1: Comparison of mean dentin lead levels in deciduous teeth from other countries.

Authors City Region Lead Concentration (pg/g)
Al-Mahroos and Al-Saleh [8] Bahrain 43
Winneke, et al. [12] Stolberg Germany 6.16
Hernandes-Guerrer, et al. [16] Mexico 8.18
Rahman and Yousuf [32] Karachi Pakistan 5.78
Omar, et al. [33] Egypt 7.96
Attramadal and Justesen [34] Oslo Norway 5.60
Clegg, et al. [35] Queensland Australia 3.40
Robinowitz, et al. [36] Taiwan 4.30
McMichael, et al. [37] Port Pirie South Australia 8.60
Bergomi, et al. [38] Sassuola Italy 6.05
Erzurum Turkey 7.49
oy e -
Kutahya-Tuncbilek Turkey 12.44

Turgut H, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1746
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our data to studies that used methodologies that
were comparable to those in some of the research, as
shown in table 1. The fact that Turkey has done a good
job of gradually eliminating the use of leaded gasoline
is the main factor contributing to the poorer results.
People were undoubtedly exposed to lead from other
sources as well, such as drinking water and paint, in
addition to leaded gasoline. Lead is still a significant
environmental health hazard for children in Turkey
due to its cumulative nature.

The deciduous teeth of children aged 7 to 12
collected from Ankara, the capital of Turkey, in
suburban and urban areas, were analyzed by Karakaya,
et al. [30] for the presence of lead. The lead content of
deciduous teeth was studied by Karahalil, et al. [31] in
children between the ages of 4 and 15 who resided in
Ankara and Balikesir. The findings from all research
are presented in table 2.

As indicated in table 2, the lead contamination
levels in the areas that we looked at were greater than
the findings of Karakaya, et al. [30] and Karahalil, et al.
[31]. It means that compared to Ankara and Balikesir,
lead contamination values are higher in Erzurum-
Centre, Kutahya-Tuncbilek, Mugla-Yatagan and
Aydin-Didim.

One of the most prevalent toxins in the
environment, lead is particularly harmful to young
children. As a result, biomonitoring studies of lead's
effects on children's health are crucial. The strongest
indicator of current exposure is the amount of lead
in the blood. On the other hand, determining the
lead levels in lost deciduous teeth has developed into
a helpful indicator of a child's prior lead exposure.
According to epidemiological research, the majority

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issh:| 2766-2276

of lead in the human body is found in the skeleton
(approximately 90% in adults and 70% in children)
[9]. The study of mineralizing tissues, notably
deciduous teeth, provides an estimate of internal
exposure integrated over a longer period of time,
whereas lead levels in blood and urine are markers of
relatively recent exposure.

In humans, even little amounts of lead can result in
significant metabolic and neurological abnormalities.
Children's lead exposure-related adverse effects
are a public health concern, especially in developed
countries [31]. Deciduous teeth's lead content has
frequently been employed as a marker for newborn
lead exposure and body burden [36]. A completely
accurate source of knowledge on the deposition of
chemicals like lead therein is obtained from tooth
biopsies performed in vivo or after teeth have been
removed from the body. Additionally, a high degree
of accuracy can be achieved in estimating the age at
which the deposition occurred [39]. Environmental
pollution is gauged by the lead content of teeth. The
amount of lead in teeth increases with environmental
pollution. As a result, disparities in the lead level
between urban or industrial areas and rural zones, as
well as between various parts of the same city, were
discovered [1,30,40]. Blood lead and dentin lead have a
dose response connection, according to experimental
data. Additionally, rising lead levels in permanent
teeth have been observed as people aged [40].

In summary, after accounting for a number of
other factors, lead exposure is crucial for children's
health in these places. In order to comprehend the
risks of lead exposure in children, children who live
in high-risk locations should be supervised at specific
times.

Table 2: Comparison of mean dentin lead levels from other regions of Turkey.

Regions in Turkey n
Ankara (U) 54
Ankara (S) 49

Ankara-Centre (U) 89

Ankara-Sincan (S) 69

Balikesir-Centre (U) 117

Balikesir-Village (S) 22

Erzurum-Centre (U) 26

Kutahya-Tuncbilek (S) 26

Mugla-Yatagan (S) 26

Aydin-Didim (S) 26

U: Urban area; S: Suburban area

Leat:wl;zvneliss(:g/g) Reference
4.99 (30]
1.69 [30]

1.30+0.59 [31]
1.45+0.74 [31]
1.77+1.03 [31]
1.62+1.18 [31]
7.49+2.71 this study
12.44 + 4.53 this study
8.48 +3.53 this study
9.49 +3.54 this study
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Conclusion

In the current study, an atomic absorption
spectrometry method was developed and validated
for the quick, sensitive, reliable, specific, accurate,
and exact assessment of lead in teeth. The method
is very useful and practical for normal laboratory
examinations of lots of samples (Figure 2C).
Furthermore, according to our data, lead levels in
teeth can be utilized as a proxy for lead exposure in
environmental and occupational surveys conducted
on a range of people, including youngsters. In the
coming years, environmental scientists are likely to
follow the advice of tooth testing in a big way.
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