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Abstract. Radon radiation impairs saliva secretion and lowers normal pH levels,
which in turn alters the balance of normal oral microflora and leads to caries pro-
gression. The aim of this research is to determine the acidity level (pH) of saliva of
people living in high radon level areas and its correlation with the prevalence of
caries. This study consisted of an observational, cross-sectional survey. The partic-
ipants were 26- to 45-years-old, had been living in the sampled villages for 10 years
or more, had graduated from elementary school, were not active smokers or alco-
holics, did not have systemic diseases, did not take illegal drugs, and did not use
orthodontic appliances or prostheses. A total of 100 people participated, 54 of wh
lived in an area with high radon levels and 46 of which lived in an area with low
radon levels. Salivary pH was measured by a digital pH meter, and the prevalence
of caries was estimated based on the Decayed Missing Filled Teeth Index by the
World Health Organization. In areas with high radon levels, the correlation coeffi-
cient between the acidity level (pH) of saliva and the prevalence of caries in areas
with high radon levels was calculated as 0.062 by the Pearson correlation test. Based
on this finding, researchers concluded that there is no correlation between the acid-
ity level (pH) of saliva and the prevalence of caries in people living in areas with
high radon levels.
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1 Introduction

Lorem Radon is a gas that is odorless, colorless, and tasteless. It is produced by the
natural decay of uranium, which is a naturally radioactive material found in rocks,
soil, and water, and therefore is found primarily in rocky and mountainous areas.
Radon’s half-life is 3.8 days [1,2]. When radon is released from rocks and soil, it is
quickly diluted into the atmosphere where it easily enters poorly ventilated build-
ings, caves, mines, and tunnels, where is trapped reaching dangerously high con-
centrations [3,4]. The United Nations Scientific Committee on the Effects of Atomic
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Radiation stated that radon is the biggest natural source of ionizing radiation in
many countries around the world [1].

Radon and its progeny emit a high ionizing radiation of alpha particles and have
dangerous effects on human health through their inhalation, ingestion, and absorp-
tion. For example, the accumulation of radon and alpha particles in the human body
can cause genetic damage and cell death. Radiation can also cause dysfunction of
the salivary glands [4-6].

Saliva has a mean potential of hydrogen (pH) between 6.75 and 7.25, which pro-
motes the growth of many microorganisms. The ionic composition of saliva sup-
ports its buffering function and ability to remineralize enamel [7]. The buffering
capacity of saliva refers to its ability to change its acidity level, and this plays an
important role in the development of caries as saliva neutralizes the acid produced
by bacteria [8].

Many researchers have conducted studies on radon radiation and its effects on
human health. For example, a group of researchers in Europe performed a collabo-
rative analysis of the association of radon radiation in houses with the risk of lung
cancer in 13 case-control studies. They found that radon gas caused 2% of cancer
patient deaths and 9% of lung cancer patient deaths [9]. In addition, in 2005, Brand
et al. found that an indoor radon level of 28 Bg/m? in Canada caused 1,400 lungs
cancer deaths. Also, the Advisory Group on Ionizing Radiation (AGIR) stated that
a mean radon level of 21 Bq/m? in the United Kingdom caused 1,089 to 2,005 lung
cancer deaths. Rericha et al. found a positive correlation between radon radiation
and leukemia, including chronic lymphocytic leukemia. Also, an environmental re-
search by Bolviken in 2003 revealed a correlation between multiple sclerosis and
indoor radon concentrations [1].

However, there is a lack of studies on the correlation between radon and oral
health, including the salivary glands and teeth. Salivary glands are very sensitive to
radiation, especially acinar cells since radiation can cause disturbances in prolifer-
ation, break double-stranded DNA, and trigger acinar cell death [10]. Radon radia-
tion can cause tongue, oral, and salivary gland cancer [9], as well as cause the sali-
vary glands to become fibrotic and reduce the secretion of saliva [11]. Changes in
the salivary glands and saliva secretion can cause an imbalance in the normal oral
microflora thereby decreasing the cleansing function of saliva [12]. When this hap-
pens, cariogenic microorganisms (e.g., Streptococcus mutans, Lactobacillus, and
Candida sp.) are present at higher levels than noncarcinogenic microorganisms
[13,14].

One study was conducted in West Java, Indonesia, specifically in the Padalarang
area, based on a rock dispersion map. This research revealed that there were both
high radon levels (around Gunung Masigit; 24.8 = 29 Bg/m?) and low radon levels
(around Cipatat; 16.6 + 24 Bq/m?®) in this area.[15] The prevalence of caries in these
two villages was calculated, and the researchers noted that people living in the area
with high radon levels had a high prevalence of caries, while the people living in
the area with low radon levels had a more moderate prevalence of caries [16]. There-
fore, based on these findings, the objective of the current study was to determine
whether there was a correlation between salivary pH and the prevalence of caries
among people living in the area with high radon levels, namely Gunung Masigit.
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2 Material and Methods

This study was an observational, cross-sectional survey with a comparison group.
The inclusion criteria were: individuals between the ages of 26- and 45-years-old,
had been living in the village area for at least 10 years and had graduated from
elementary school. Participants were excluded if they were active smokers and/or
drinkers, if they had systemic diseases, if they consumed any kind of prescription
medication, and if they used orthodontic appliances and/or prostheses. The total
sample was 100 people, 54 of which were residents of the area with high radon
levels (Gunung Masigit) and 46 of which were residents of the area with low radon
levels (Cipatat).

2.1 Material

1.  WHO Oral Health Assessment Form for Adults
2. Plastic cups
3. Dental instruments (dental mirror and probe)
4.  Digital pH meter (Hanna HI 98107)
5. Calibration solution (pH 4 and 7)
6.  Stopwatch
7.  White rice
2.2 Methods

This Caries was examined based on the Decayed Missing Filled Teeth (DMFT) In-
dex with a mouth mirror and probe. Based on the total value of the DMFT (Decay,
Missing, Filing Teeth) Index, each participant was then classified into one of four
categories: very low (<5.0), low (5.0 to 8.9), moderate (9.0 to 13.9), and high
(>13.9). Stimulated saliva was collected using the spitting method after chewing a
tablespoon of white rice for 5 minutes. The acidity level or pH of the saliva was
measured using a digital pH meter and then categorized into three different groups
based on the DMFT index: normal (6.75 to 7.25), acidic (<6.75), and basic (>7.25).
The data were input into Microsoft Excel 2016 and then processed using SPSS Sta-
tistics v23. The correlation value was calculated with the Pearson correlation test.
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Fig 1. Instruments to calculate salivary pH: (1) digital pH meter, (2) calibration so-
lution pH 4, (3) calibration solution pH 7, and (4) plastic cup.

3 Result and Discussion

Table 1 presents participant data, including sex, age, caries index, and salivary pH.
As can be seen in Table 1, the caries index in Cipatat and Gunung Masigit was very
low and did not indicate any effect from different levels of radon radiation. The
salivary pH in Cipatat was mostly basic, while in Gunung Masigit it was mostly
acidic. Table 2 shows the mean values of the caries index and salivary pH, and Table
3 presents the correlation between the caries index and salivary pH values.

The caries index in both areas (with low radon levels and high radon levels) was
low (see Table 1). This finding is different from the research conducted in these
same villages in 2016, which noted that the area with low radon levels was catego-
rized by a moderate prevalence of caries, while the area with high radon levels was
categorized by a high prevalence [16]. In the current study, there was an insignifi-
cant difference between the caries index results of the two areas. However, it should
be noted that participants in the current study were not the same as those in the
previous study, and differences in oral hygiene, lifestyle, food consumption, sources
of drinking water, immune system defense properties, and the use of fluoride can
cause different rates of caries development [11].

In the current study, the salivary pH of people living in the area with low radon
levels was categorized as normal, while it was categorized as acidic for the people
living in the area with high radon levels (see Table 2). This difference in salivary
pH could be caused by environmental factors [17], which would include radon lev-
els.

The value of the correlation coefficient (r) for Cipatat was -0.324, which shows
that there is a weak correlation between the two variables (Table 3). In addition, the
p-value was lower than the significance value, which was 0.05. This result shows
that there was a correlation between the caries index and salivary pH in Cipatat.
Salivary flow, composition, and pH all play important roles in the development of
caries [18-21]. A negative value for a correlation coefficient indicates an inverse
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relationship so that if the caries index is high, the salivary pH will be low. This
result is similar to research conducted by Shetty et al. in 2013 [19]. In the current
study, the correlation coefficient between the caries index and salivary pH in
Gunung Masigit was -0.062. This value indicates that there was a weak correlation
between the two variables. The p-value of 0.655 was larger than the significance
value of 0.05, which means that no statistically significant correlation existed be-
tween the caries index and salivary pH in Gunung Masigit. Research by
Seethalakshmi in 2016 and Rovelstad in 1966 also found no significant correlation
between variables. In addition, a negative value means that if the caries index is
higher, the salivary pH will be lower. This inverse relationship can be caused by
oral hygiene habits which were not factored into the current study. There are differ-
ent opinions regarding the importance of pH saliva in the development of caries;
nevertheless, salivary pH has been found to have a weak correlation with the prev-
alence of caries [22,23].

The results of correlation tests in both Gunung Masigit and Cipatat were not in
line with the hypothesis and may have been caused by different radon dosages re-
ceived by participants. Radon and its progeny can come from different sources, and
people who live in an area with high radon levels are not always exposed to the
same amount of radiation. This difference in exposure levels can also be impacted
by the number of radon particles that one inhales and/or ingests. In addition, the
topography, type, and construction materials of one’s house, environmental factors
(e.g., water source, soil below the house, ventilation, and wind velocity), and life-
style can all affect an individual’s radon exposure.

In the future, researchers should investigate correlations between the develop-
ment caries and bacteria, food, the demineralization process of teeth, biofilm pH,
the use of fluoride, oral hygiene, the immune system, genetic factors, socioeco-
nomic status, lifestyle, tribe affiliation, sex, and occupation. In addition, researchers
should collaborate with geologists so that soil and rock samples are precisely and
accurately collected and analyzed.

4 Conclusion

The results of this study show that there is no correlation between the acidity of
saliva (pH) and the prevalence of caries in people living in areas with high radon
levels.
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