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Highlights:
Mean urinary fluoride (Ug) excreted values (2.21-4.50 mg/L) were higher than
mean water fluoride (Wg) intake (2.317T2.45 mg/L).
Percent of mean urinary fluoride exceeding mean water fluoride increased from
5.63, 48.05 to 83.67 % in Son (S), Father (F) and Grandfather (GF) respectively.
Age and its interplay with different habits is a significant factor influencing fluoride
excretion.
Overall, vegetarians, alcohol consumers, smokers and regular brushers excrete

more fluoride than their counterpart.
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Abstract

Urinary fluoride is a widely used biomarker in public health and epidemiological studies,
globally. The present study investigates fluoride exposure and compares the effect of
different variables on the sampled population of the Rohtak district, Haryana, India. The
relation between fluoride intake, excretion, and retention of fluoride across different age
groups is unveiled. Cross-sectional study of urine samples of 207 inhabitants between
the ages 5- to 96years and of 83 drinking water samples were analyzed to determine
fluoride using an ion selective fluoride electrode (potentiometric method). Drinking water
was sourced from supply water (n = 28), hand-pumped water (n = 45), well water (n = 3)
and RO water (n = 7). Urine samples were categorized based on three different
generations: Grandfather (GF), Father (F), and Son (S) from the 71 villages covered in
the study. Mean urinary fluoride excretion was significantly correlated to age with values
4.50 + 2.56, 3.42 £ 2.00 and 2.44 + 1.30 mg/L, in declining order of these age groups,
respectively. The percent increase in fluoride excretion in the urine over that consumed
in the intake water was 83.67, 48.05 and 5.62% for GF, F and S respectively, indicating
that other sources of fluoride intake were responsible for the increment. The
eigenvalues of PCA are 1.36, 1.25, 1.19 and 1.18 for PC1, PC2, PC3 and PC4,
respectively. In all plots p-values show statistical significance (p<0.05), except for those
abstaining from alcohol in the father (FA) category. Sons in the smoking category (R* =
0.30, P<0.001) exhibited higher fluoride excretion than non-smokers. The group GF and
F group participant regression results were found to be the opposite. Linear regression,
PCA, Tukeyis test, and radar chart methods were used to examine the relation between

fluoride exposure and other variables like the water source (hand-pump, well, supply,



reverse osmosis), diet (vegetarian/non-vegetarian), habits (smokers/non-smokers,
alcohol consumers/non-consumers, regular/irregular brushing). Study concluded that
age is the most significant variable which influences the retention and excretion of
fluoride.
Keywords: Urinary fluoride, demographic effect, habitual influences, health, principal
component analysis.
1. Introduction

Globally, 200 million people live in fluoride prone areas and are at risk of adverse
health effects (Edmunds & Smedley, 2013; Rahman et al., 2020; Su et al., 2021). A
narrow range of fluoride drinking water concentrations from 0.5 tol.5 mg/L &
promotes hard tissue development, while lower and higher concentrations can cause
dental caries and dental/skeletal fluorosis, respectively (Ding et al., 2011; Li et al., 2009;
Mohan et al., 2012; Rahman et al., 2020; Rango et al., 2017; Rugg-Gunn et al., 2011).
Fluorosis occurs when too much fluoride is ingested during teeth development leading
to discoloration and teeth weakening. Skeletal fluorosis occurs when fluoride
accumulates in the bones and causes them to harden and become weaker and more
brittle. This can lead to joint pain, stiffness, and limited mobility. These conditions
typically occur with high fluoride intake, often in areas with naturally high fluoride levels
in water (Rahman et al., 2020). A permissible limit of 1.5 mg/L was prescribed by the
Bureau of Indian Standards (BIS) and WHO (BIS, 2012) (WHO, 2011). Fluoride
contamination and related health issues were reviewed (Amini et al., 2008; Kashyap et
al., 2021; Kut et al., 2016; Maity et al., 2021; Podgorski et al., 2018; Solanki et al., 2022;

Wu et al., 2022).



Soft tissue contains a meager 1% of the body burden of fluoride, while the
remaining fluoride is calcified in the hard tissues (Buzalaf & Whitford, 2011; Rugg-Gunn
et al., 2011; Whitford, 1996). Accumulating excessive fluoride disrupts plant and animal
physiological functions (Ghosh et al., 2013). Prolonged exposure to high fluoride levels
leads to such health problems as: fluorosis (Rahman et al., 2020; Revelo-Mejia et al.,
2021; Srivastava & Flora, 2020; Yadav et al., 2019), lower children 1Q (Ali et al., 2023;
Choi et al., 2012; Grandjean, 2019; Miranda et al., 2021; Wang et al., 2020), attention
deficit hyperactivity disorder (ADHD) (Bashash et al., 2018; Malin & Till, 2015) and
hypothyroidism (Reddy & Deme, 1979; Singh et al., 2014; Wang et al., 2020). The
younger populace is more prone to enamel fluorosis when exposed to high fluoride
levels (Saeed et al., 2020). Ingested fluoride takes the form of hydrofluoric acid (HF) in
the stomach.

Fluoride exposure can be determined by fluorine uptake in teeth, bone, plasma,
urine, nails, hair, sweat, milk and saliva. However, urinary fluoride is the best indicator
of fluoride exposure and is the most widely used biomarker (Rugg-Gunn et al., 2011;
Villa et al., 2010; Whitford, 2005).

Habits like smoking (Kog¢ et al., 2018; Kuo et al., 2008; Laisalmi et al., 2003;
Schwarz et al., 2020), alcohol consumption (Prystupa et al., 2021) and intake through
dietary preference (Idowu et al., 2019; Spak et al., 1989), and brushing with toothpaste
(Bentley et al., 1999) can contribute to fluoride intake (Rahman et al., 2020). Tobacco
smoking is a worldwide prevalent habit and its detrimental impacts are widely
acknowledged. The constituents present in tobacco smoke can cause harmful

biochemical reactions in the body. Smoking may impair the excretion of fluoride (F)



leading to high fluoride serum concentrations. This can be a concern as high levels of
fluoride can be toxic to the body (Kog et al., 2018). Previous urinary fluoride studies
have been performed in the state of Haryana (Haritash et al., 2018; Kumar et al., 2017;
Singh et al.,, 2007; Yadav et al., 2006; Yadav et al., 2007; Yadav & Lata, 2003).
However, they are often unidimensional and confined to a particular age group
(Haritash et al., 2018; Kumar et al., 2017), consumption habit (Yadav et al., 2007) or
limited to a groundwater quality survey (Garg & Malik, 2004; Gupta & Misra, 2018;
Singh et al., 2007). This current study is more comprehensive, covering dietary
preferences and lifestyle habits across all age-groups. It seeks to examine the
association between urinary and drinking water fluoride and unravel the influence of
different variables. This research focuses on the quantitative assessment of the
association between variables (age group, weight, height, BMI, food and drinking
habits) on fluoride intake and excretion.
2. Materials and Methods
2.1 Site specifications and sampling

The study area is situated in Rohtak district, Haryana, India located between
latitudes 28 ° 40.4 6 N and 29 ° 06.0 8 N and longitudes between 76 °© 12.4 0 E and 76 °
52.0 0 E. Study maps were plotted by using Arc GIS 10.5 tool (Figure 1). Urine (n =
207) and drinking water (n = 83) samples were collected from 71 villages during the
month of December, 2017. Drinking water samples were collected from four sources
viz; supply water (SW), hand pump water (HP), well water (WW) and reverse osmosis
treated water (RO) (Figure 2, Table 1SM). Drinking water samples were collected from

households of the participants. Participants in this study were selected using a stratified



and multilevel random sampling approach. Urine (n = 207) samples were collected early
mornings in 100 mL high density polyethylene bottles. The samples were collected from
the males falling within the age group 5-96 years. Sample collection and laboratory
analysis of fluoride in water and urine were done by standard recommended methods
(Li et al., 2009; Rango et al., 2017). Ethics approval was received from the Institutional
Ethics Review Board (IERB), Jawaharlal Nehru University, New Delhi, India (reference
no: 2022/Ph.D. Student/298)

2.2 Selection of participants
Out of 269 samples, only 207 were selected due to mismatch in urine samples

between members of the same family. Only those individuals who were long-term
settlers in the villages (> 10 years) were sampled. At the time of sample collection, at
least two generations were selected from each household in order to ensure
representation from different age groups. The subjects in this study are broadly divided
as: grandfather (n = 48), father (n = 78) and son (n = 81). A detailed schematic flow

chart covering the variables and sample sizes is given in Figure 1.
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Figure 1. Study area map showing Rohtak district, Haryana, India, where urine
and water samples were collected.
2.3 General data collection

The demographic details were collected by face-to-face interviews with the

respondents and providing them with detailed questionnaires. Questions were orally



translated in the local language whenever required in order to ensure clarity.
Demographic data was collected from the questionnaires and summarized in Table
SM1. The detailed questionnaire given in the supplementary section, (Table SM1)
contains information on age, height, weight, BMI, sex, education, occupation, tooth
count (dental carries), dietary preference and habits (smoking, drinking, brushing).
Age: Urine samples were taken from people in the age groups from 5 to 96
years. One or a maximum of two families were selected from each village, in
which at least two or maximum three generations of people were categorized as:
grandfather (GF), father (F) and son (S).
BMI (Body mass Index): BMI is calculated by using body weight and height of
the person. Height of each participant (barefoot) was measured with a measuring
tape. Weight was measured with a portable digital balance while ensuring that
participants were barefoot and lightly clad. Some exceptions were made for the
older people who could not stand upright where their height and weight were
enquired based on an earlier measurement; care was taken to ensure that there

was no overestimation. Body mass index, BMI is calculated as,

BMI = LS (1)
Habits: Habits like smoking, drinking alcohol, brushing and dietary preferences
were a part of the questionnaire. From a total of 207 participants, 150 of them
drank alcohol, 120 were smokers, 123 vegetarians and 115 brushed regularly

representing 72.46, 57.97, 59.42 and 55.55 % of total participants (Table SM1,

Figure 2). Brushing habits are further classified into regular brushing, irregular







































