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ABSTRACT

Background: Chronic arsenic exposure, especially via the consumption of contaminated ground water has far
reaching consequences on human health. Thus, the aim of this study was to assess the effect of arsenic on oral health
status of children.

Methods: 100 children selected from Sanduru, Bellary district, North Karnataka (ground water is not contaminated
with arsenic) were categorized as control group and 100 children of age 10 to 14 years from Hutti, Raichur district,
North Karnataka (ground water contaminated with arsenic) were categorized as the study group. Water samples were
analysed for arsenic and fluoride levels. Chronic arsenic exposure in children was determined by measuring the
arsenic levels in their hair and nail samples. Enamel defects, oral mucosal lesions and tooth eruption timing were
recorded in both the groups using the modified WHO oral health assessment form, 2013.

Results: There was a significant increase in the arsenic content in the hair and nail samples of children in study
group. Prevalence of enamel defects were significantly higher and a marked delay in eruption of permanent was seen
among the study population.

Conclusions: Chronic arsenic exposure could be a possible cause for the enamel defects and the eruption delay seen
in children residing in Hutti, Raichur district, North Karnataka.
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INTRODUCTION

Arsenic is a rare crystal element that naturally occurs in
all environmental media- earth crusts, sediments, soil,
water, air and living organisms."  Groundwater
contaminated with arsenic has become a major public
health concern worldwide affecting more than 150
million in 70 different countries including Mexico, USA,
Taiwan, Mongolia, India, Chile, and Bangladesh.?

In India, groundwater contamination of arsenic was first
reported in four districts of West-Bengal in the year 1983.

Since then, unacceptable levels of dissolved arsenic in
groundwater has been reported in many regions.® In
Karnataka, the earliest places with groundwater Arsenic
contamination were identified in the villages of Yadgir
district in 2008. Since then, UNICEF and Government of
Karnataka have discovered several villages with
groundwater Arsenic levels exceeding 10 pg/L (World
Health Organization guideline value).* There is a
naturally occurring belt of metamorphic rock called the
Hutti-Maski schist belt in North Karnataka that is rich in
minerals like arseno pyrite. This belt has three active gold
mines which also contribute to Arsenic contamination of
the ground water. Arsenic is introduced into soil and
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groundwater during weathering of rocks and minerals
followed by subsequent leaching and runoff.® Hutti,
Deodurg, SunnadaKallu, Lingasuguru, Yalghatta, Irkal,
Kurukunda, Kattagal, Hunnur and Nanjaladini in Raichur
district, and Mandyal, Rampur, Arker, Gudihal and
Bijaspur in Yadgir district are the affected habitations in
Karnataka.®

Chronic arsenic exposure, especially via the consumption
of contaminated ground water has far reaching
consequences on human health.* It affects fetal
development, malignancies, dermatological diseases.*
Several studies have been done to find out the effect of
Arsenic on the general health of people. However,
information on intra oral findings and Arsenic exposure is
very limited. Some epidemiological surveys in the arsenic
contaminated areas of Bangladesh have linked arsenic
exposure to presence of enamel hypoplasia. Hence, this
study was carried out in Hutti, a small village in the
district of Raichur, North Karnataka and Sanduru, Bellary
district, North Karnataka with the aim to study the oral
health effects of Arsenic on the enamel defects, oral
mucosal lesions and eruption status of teeth in children..

METHODS

This cross sectional study was carried out between
December 2015 and June 2016. The available data on
areas with Arsenic contamination of groundwater was
studied and the village of Hutti, Raichur district, North
Karnataka was selected for the study. 100 children,
between 10 to 14 years of age, selected from this region
formed the study group. The control group was formed
by children belonging to the corresponding age group
from the village Sanduru, in the neighbouring district of
Bellary, North Karnataka. The selected villages were
similar in population and general demographic
characteristics.

Ethical clearance was obtained from the institutional
review board and written informed consent for the same
was obtained from parents of the children. Participation
in the study was voluntary.

A questionnaire, completed with the assistance of
parents, was used to collect information on the personal
characteristics and drinking water source. Children who
were born and brought up in the respective villages were
included in the study and children who had moved to the
village in the last 5 years or not having water from the
common water source were excluded from the study.

Water samples were collected from both villages for the
analysis of arsenic content using atomic absorption
spectrometry. Arsenic levels were also analysed in the
hair samples of all the children using atomic absorption
spectrometry and in nail samples by inductively coupled
plasma optical emission spectrometry. Additionally,
fluoride content in the water sources were analysed using
fluoride selective ion electrode.

Enamel defects were recorded using developmental
defects of enamel (DDE) index given by FDI commission
on oral health, research, and epidemiology, in 1982.
Lesions of the lips, gums and tongue were ascertained as
per the WHO Oral Health Assessment form, 2013.
Eruption status was evaluated by recording the permanent
teeth erupted in each quadrant. A single examiner
screened all the children in both the groups to prevent the
occurrence of any inter-examiner bias.

Statistical analysis

Mann Whitney U test was applied to compare the arsenic
levels in the hair and nail samples. Chi square test was
applied to compare the prevalence of enamel defects in
the study and control group and the presence of oral
lesion was compared between the two groups using
Fishers Exact Test.

RESULTS

The level of arsenic found in groundwater of Hultti village
was 90 pg/L, much higher than WHO standards of 10
pg/L. Arsenic was not detected in the groundwater of
Sanduru village. The fluoride levels in both the groups
were within the permissible limits.

The mean concentration of arsenic in the study group was
found to be 2.44 ppm in the hair samples and 2.72 ppm in
the nail samples as compared to 0.12 ppm in both hair
and nail samples in the control group. These values
represent a statistically highly significant increase in
arsenic levels in the study population (p <0.001).

Enamel defects

The prevalance of enamel defects among the children in
study and control groups was 92% and 9% respectively.
The presence of enamel defect between the two groups
was statistically significant (p<0.05).

The enamel defects were subclassified based on the type,
number and demarcation and location as given by the
DDE index. The distribution is illustrated in figure 1.

Oral lesions

7% of the subjects in study group showed the presence of
oral lesion whereas only 1% of children in control group
showed the presence of oral lesions. No statistically
significant difference was found between the two groups.

Eruption status

When eruption timing was compared between the
children in study and control group, a definitive delay in
eruption of permanent teeth was noted in the study group.
Table 1 depicts the number of permanent maxillary teeth
erupted at different ages and table 2 depicts the humber
of permanent mandibular teeth erupted at different ages
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in both the groups. However, Statistical test could not be

applied to this data because of the small sample size.
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Figure 1: Distribution of enamel defects in children according to the DDE index.
Table 1: Number (and percentage) of permanent maxillary teeth erupted at different age.
Gr Age E17  E15  E14  E13  E12  E22 E23 E24 E25 E27
8 8 20 20 8 8
W v v (400)  (400) (100) (100)  (400)  (40.0) ° 0
1 0 2 9 6 19 19 6 9 1 0
= (10.5) (47.3) (31.6) (100)  (100) (31.6) (47.3) (5.3)
ENqp e 4 10 10 14 140000 10(714) 10(71.4) 4(285) 3(21)
S (21) (28.5) (71.4) (71.4) (100) ' ' ’
13 8 8 13 13 15 15 13 13 8 8
(53.3) (53.3) (86.7) (86.7) (100)  (100) (86.7) (86.7) (53.3) (53.3)
14 27 30 32 32 32 32 32 32 30 27
(84.4) (93.7) (100) (100) (100)  (100) (100) (100) (93.7) (84.4)
1 5 5 1 1
100 0 143 714y (71.4) ©° 143  (143) °
1 0 1 3 3 9 9 3 3 1 0
(11.1) (33.3) (33.3) (100)  (1200.) (33.3) (33.3) (11.2)
e) 1 2 6 12 12 18 18 11 12 6 2
5 (9.5) (28.1) (57.1) (57.1) (85.7) (85.7) (52.4) (57.1) (28.1) (9.5)
13 10 12 20 18 29 29 18 20 12 11
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(56.3) (81.3) (90.6) (87.5) (96.9) (96.9) (84.4) (90.6) (81.3) (62.5)
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Table 2: Number (and percentage) of permanent mandibular teeth erupted at different age.
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Figure 2: Enamel defects see in children of the study

Figure 3: Oral lesions seen in children of the study
group.
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group.

DISCUSSION

Contaminated drinking water is the main source of
arsenic exposure in humans. The ground water levels of
arsenic in Hutti village was found to be 90 pg/L, which is
much higher than the WHO standard, where as in the
village taken as control the arsenic levels in ground water
was negligible. Singh et al found that the concentration of
arsenic in water in contaminated areas is much higher
than the maximum permissible level by WHO.?

Arsenic in the body gets accumulated in hair and nail by
binding to the SH group of keratin. The concentration of
arsenic in hair and nail sample could thus be used as a
measurement of chronic exposure in humans.® In the
present study, the mean concentration of arsenic in the
study population was found to be 2.44 ppm in the hair
samples and 2.72 ppm in the nail samples as compared to
0.12 ppm in both hair and nail samples in the control
group. Mosaferi et al found that the concentration of
arsenic in hair can be used as a good measurement of
chronic exposure.® The elevated concentration of arsenic
in the hair and nail samples of the study group could be
due to the chronic arsenic exposure in the children
residing in Hutti village.

The prevalence of enamel defects in the study group was
91% whereas in the control group it was only 9%. This
finding was in par with the epidemiological survey done
in Japan where enamel hypoplasia was found to be much
higher than average in children fed with milk
contaminated with arsenic during their developmental
stages.’® In order to differentiate the enamel defects
caused due to fluoride and non-fluoride causes, the
concentration of fluoride in the groundwater of both the
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areas were analysed. The fluoride level in drinking water
of control group was 0.1 mg/L and in the study group was
0.8 mg/l, which is well within the permissible limits of
0.7 to 1.2 mg/l by the United States Public Health
Services (1986). Russel in 1961 gave the differential
diagnosis of enamel opacities caused due to fluorosis and
non-fluoride opacities according to the area affected,
demarcation and colour. Non fluoride enamel opacities
usually affect the entire crown whereas fluorosis is
usually seen on the cuspal tips and incisal areas.'* In the
study group, 44% of the children had enamel defects
covering the whole surface of tooth indicating non-
fluoride opacities (Figure 2). Non-fluoride enamel
opacities are clearly differentiated from the adjacent
normal enamel as compared to fluorosis, which usually
shades off imperceptibly into surrounding normal
enamel.™ Around 47% of the enamel defects in the
children in Hutti were well demarcated and the color was
creamy yellow to dark reddish orange which was in
comparison with the study by Russel. These findings
indicate that arsenic could be a possible cause behind the
enamel opacities detected.

Since Arsenic is a class | human carcinogen, it is
frequently associated with various arsenical skin lesions
like hyper pigmentation, squamous cell carcinoma,
hyperkeratosis, raindrop pigmentation, etc. Signs and
symptoms of arsenic poisoning are also seen in soft
tissues of oral cavity like lips, gingiva, tongue and buccal
mucosa.” In this study, 7 children in study population
showed the presence of oral lesions whereas only 1 child
in control group had oral lesions (Figure 3). The lesions
in study group included apthous ulcer on the buccal
mucosa, raindrop pigmentation of tongue, areas of
hypopigmentation of the tongue, hyperkeratotic nodules
gingiva and on the lips and crusted lesion of the lower lip.
The finding of this study was similar to the findings by
Syed et al who found that higher risk of arsenical lesions
of tongue and gums were associated with higher levels of
arsenic in the drinking water in Bangladesh.? Thus, these
findings suggest that consumption of drinking water
contaminated with arsenic may be a risk factor for
arsenical lesions of the tongue and gums.

A definite delay was seen in the eruption of permanent
teeth was seen in the children in study group as compared
to the control group. A marked delay in euption was
noted even when the eruption timing was compared with
the standard eruption timing in Karnataka, India.** At the
molecular level, dental follicle that surrounds the
unerupted tooth has specific genes that are either down
regulated or up regulated at specific times causing
osteogenesis or osteoclastogenesis required for tooth
eruption. One such gene is BMP-2 that may be regulating
the osteogenesis for the growth of basal bone in the tooth
crypt.”® Experimental studies on rats by Cheng et al have
shown that the expression of BMP-2 was inhibited after
exposure of bone marrow stromal cells to arsenic oxide
finally inhibiting osteoblast differentiation.** Thus the
delay in tooth eruption could be attributed to the fact that

arsenic affects the remodeling of bone around the tooth
crypt, which in turn affects eruption of teeth.

CONCLUSION

Enamel defects were significantly higher whereas the
eruption timing was significantly delayed among the
children in study group. Arsenic could be a contributing
factor in the oral health changes seen in the children of
the study group.

Future recommendations

Observation should be carried out among a larger sample
group. A detailed examination of the enamel defects
should be done along with the determination of arsenic
levels in teeth.
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