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Assessing and managing ﬂuorosis risk in children and
adults in rural Madhya Pradesh, India
Sam Godfrey, Pawan Labhasetwar, Tapas Chakma, Satish Wate,
Aditya Swami and Jamie Bartram

ABSTRACT
This paper presents the application of quantitative chemical risk assessment for assessing and
managing ﬂuorosis in 19 schools and 6 villages in Madhya Pradesh, India. A longitudinal study was
undertaken with a baseline survey in 2005 and an endline in 2007. Household surveys, water quality
and food analysis were undertaken to measure the impact of an Integrated Fluorosis Mitigation
programme that included water and nutritional interventions. The baseline survey indicated a
maximum ﬂuoride content of 7.8 mg/l in food and 3.7 mg/l in water, equating to a maximum ﬂuoride
uptake of 4.8 and 3.7 mg/l in food and water respectively. Mean (actual) daily intake of ﬂuoride for all
exposure routes was 0.4 mg/kg of combined adult and child body weight. Intake of ﬂuoride through
food was more than 40% of total intake. Calculated guideline values for age groups <18 years
and >18 years were 1.7 and 1.9 mg/l respectively. Using WHO methodology, the Guideline Value
would be 1.7 mg/l. Fluoride dilution was implemented to reduce the ﬂuoride content to below this
level. The endline survey indicated reduction in the prevalence of grade 1 ﬂuorosis of 86%, of
grade 2 of 77%, of grade 4 of 60% in all children examined.
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INTRODUCTION
According to the World Health Organization, ﬂuorosis is

community and household level deﬂuoridation units using

prevalent in more than 20 countries around the world and is

diverse media such as ion exchange, activated charcoal and/

normally associated with areas with high levels of ﬂuoride in

or charred bone meal (NEERI ). However, despite

water (Fawell et al. ). The global burden of disease due

global efforts to combat ﬂuorosis, there is an increase in the

to ﬂuoride in drinking water has further been estimated

prevalence of ﬂuorosis worldwide (Fewtrell et al. ).

by Fewtrell et al. () by combining exposure–response

Dental and skeletal ﬂuorosis are common manifestations

curves for dental and skeletal ﬂuorosis (derived from

of excess ﬂuoride intake. Dental ﬂuorosis occurs as the perma-

published data) with model-derived predictions of drinking

nent teeth are forming and is characterised by permanent

water ﬂuoride concentrations. This study estimated that

hypo-mineralization (Mullins et al. ; Murray & Wilson

approximately 18,197,000 people are affected with dental

). Very elevated intake of ﬂuoride over prolonged periods

ﬂuorosis in India alone (Fewtrell et al. ). Areas requiring

of time may result in skeletal ﬂuorosis, i.e. an accumulation of

ﬂuorosis mitigation are typically identiﬁed on the basis of

ﬂuoride in the skeletal tissue, associated with pathological

dental and skeletal ﬂuorosis manifestations; they often occur

bone formation. Fluoride is also an essential nutrient and insuf-

in crystalline biotite/hornblende gneiss geological zones,

ﬁcient ﬂuoride intake is associated with increased rates of

which are laden with ﬂuorite, tourmaline, sphene and topaz

dental caries.

(Driscoll ). Mitigation measures include source substi-

Studies by Cao et al. (, ), Cao (), Lian Feng

tution, blending of high and low ﬂuoride-content waters, and

() and Mwaniki et al. () identiﬁed consumption in
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food as a potentially signiﬁcant route of ﬂuoride exposure and

young children are highly susceptible to skeletal and non-

state that consumption of certain foods may increase the

skeletal manifestations of ﬂuorosis due to the low calcium

risk of ﬂuorosis. The International Programme on Chemical

strength in early bone development in infants as well as

Safety has noted that all vegetation contains some

excess exposure to ﬂuoride in toothpaste and food/water.

ﬂuoride, which is absorbed from soil and water (IPCS ).

This is reinforced by Chakma et al. () in Mandla,

The highest levels in vegetables are found in curly kale

Madhya Pradesh, India, who reported children as young

(up to 40 mg/kg fresh weight) and endive (0.3–2.8 mg/kg

as six years to be suffering from skeletal ﬂuorosis. The clini-

fresh weight) (Slooff ). Other foods containing high

cal manifestations of skeletal ﬂuorosis in children are knock

levels include ﬁsh (0.1–30 mg/kg) and tea (Slooff ).

knee or bow leg, while adults present with stiffness of the

In India, Chakma et al. () reported presence of

neck and back muscles.

ﬂuoride in 70 different commonly consumed foodstuffs and

This paper, therefore, explores methods of quantifying

habit-forming substances from Mandla District of Madhya

the health risk from excess exposure to ﬂuoride in water

Pradesh.

and food, including disaggregated analysis to account for

Fluoride in food comes from the plant uptake of ﬂuoride

the risk for children. Based on the generic approach out-

from water including irrigation water. Uptake is greater in

lined in the third edition of the Guidelines for Drinking-

tropical climates due to the high level of soil to crop evapo-

water Quality (WHO ), this paper applies risk

transpiration Singh et al. (). This can be extremely high

assessment principles for establishing health-based targets.

in tea: for example, Chakma et al. () reported presence

While health targets and outcomes are local or national

of ﬂuoride in a local brand tea of 19.36 μg/g of dry leaves in

in character, they can be informed by risk analysis,

Mandla District, Madhya Pradesh, India. This is reinforced

which provides a means to support the development

by Michael et al. () who showed that instant tea in

of nationally relevant targets, adapted to speciﬁc local

distilled water has a ﬂuoride concentration of 3.3 mg/l. Fur-

conditions.

thermore, brick tea prepared in China, which is fermented

Work undertaken by Fewtrell et al. () attempted to

and then compressed into bricks, has a ﬂuoride content of

estimate the disease burden associated from ﬂuorosis. This

590–780 mg/kg (Sha & Zheng ).

paper explores the application of quantitative chemical

The exposure of an individual to ﬂuoride is dependent

risk assessment (QCRA) to setting health-based targets.

on the bioavailability of ﬂuoride in food and water. Bioavailability is the proportion of a chemical available for uptake
into the systemic circulation of a given target organism fol-

METHODS

lowing a given mode of exposure. The bioavailability of
ﬂuoride in food has been researched by Toth & Sugar

The study was undertaken in six villages and nineteen

(), Rao () and Trautner & Einwag (). Rao

schools of the tribal districts of Dhar and Jhabua of the cen-

() suggests that ﬂuoride intake from foods in the USA

tral Indian State of Madhya Pradesh. These tribal schools

is increasing and it is essential to develop bioavailability

and communities were selected as they represent the com-

proﬁles for individual foods. Studies by Trautner &

munities at highest risk of ﬂuorosis. The major source of

Einwag () of factors inﬂuencing the bioavailability

water in these communities is groundwater. Drinking

of ﬂuoride from calcium-rich, health-food products in

water availability through these sources is less than 40 l

humans estimated a maximum bioavailability of 60%.The

per person per day in the dry months between January

bio-availability of ﬂuoride in water has been widely studied

and June.

and the literature indicates that 95% of bioavailable ﬂuoride
comes from water (Whitford ).

To investigate the prevalence of ﬂuorosis, communities
and schools were randomly selected for study in two dis-

Studies by Erdal & Buchanan () on the risk of

tricts. A baseline survey was undertaken in 2005. There

ﬂuorosis in the USA, identiﬁed children as the most affected

were repeat visits to the same group (i.e. a quasi-longitudinal

segment of the population in that country. They state that

study) in 2007. Households and individuals were selected in
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these six communities using the statistical t-test based on

where n sample size, N population size, n0 ﬁrst approxi-

two comparable means from two variables: existing levels

mation sample size (see Equation (1)) (Table 1).

of ﬂuoride contamination (mg/l) and population served.

The QCRA approach taken was based on WHO guide-

Using the t-test, the number of households required for the

lines and comprised: hazard identiﬁcation, dose-response

QCRA with 95% conﬁdence level of estimating average

assessment, exposure assessment and risk characterization

levels of contamination within 2% of the true value was cal-

(WHO ; NEERI ). The severity of skeletal ﬂuorosis

culated using Equations (1) and (2):

was determined separately for children (8–18 years) and
adults (>18 years). For adults (>18 years), the calibrated pre-

n0 ¼

ftSg2
rY 2

ð1Þ

scribed physical exercise indicated in Figure 1 was
undertaken (Susheela ).
Susheela () notes that the above exercises determine

where n0 ﬁrst approximation of sample size, t conﬁdence

muscle stiffness in the back, neck, shoulder, calf and thighs

probability (t statistics); this value is 1.96 for conﬁdence

of an individual. Susheela (, ) also notes that in

probability of 95%, S population standard deviation, r rela-

endemic areas persons with stiff muscles are not able to per-

tive error, Y population mean.

form muscular exercises and are considered to be suffering
from skeletal ﬂuorosis. These exercises were also used by

n0
n¼
ð1 þ ðn0 =NÞÞ

Table 1

|

ð2Þ

Chakma et al. () as a tool while identifying ﬂuorosis
in another district of Madhya Pradesh and validated with

Families and schools selected by the t-test

No

Name of school (Dhar district)

No. of students

No

1

G.A. Mandu

2

G.A. Teetipura

3

G.A. Malipura

4

G.A. Nalcha

5

G.A. Sodhpur

6

N.G.A. Kakalpura

7

Sikarpura

43

7

Senalia

24

8

Kheri

40

8

Rajla

19

9

Kanya Ashram Ukala

53

9

Kokawat

10

Ganganagar

1

Dhekalbadi

115

40

2

Kalidevi

342

51

3

Rama

177

4

Gadwada

211

99

5

Ban

110

180

6

Jhakela

130

Total

1,000

Fluoride level range (mg/l)

Population (families)

t-test families

Tikai Jorgie

1.7–4.16

1,209

26

Charolipada

2.03–8.83

1,001

21

Pithanpur

2.72–9.44

2,036

39

Jhabua

Dhar
Aadvi

0.6–2.6

530

30

Shikarpura

2.4–5.07

730

35

Jamanpati

4.01–8.46

768

30

Downloaded from https://iwaponline.com/washdev/article-pdf/1/2/136/384441/136.pdf
by guest

No. of students

187

Total
Village/school

Name of school (Jhabua district)

67
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92
1,000
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Fluorotic lesions on teeth are usually bilaterally sym-

2011

Category

Description

0

Normal

The enamel surface is smooth, glossy and
usually a pale, creamy-white colour.

1

Questionable

The enamel shows slight aberrations from the
translucency of the enamel, which may
range from few white ﬂecks to occasional
spots.

2

Very mild

Small, opaque, paper-white areas scattered
irregularly over the tooth but involving less
than 25% of the labial tooth surface.

3

Mild

The white opacity of the enamel of the teeth is
more extensive than for code 2, but covers
less than 50% of the tooth surface.

4

Moderate

The enamel surface of the teeth shows marked
wear and brown stain is frequently a
disﬁguring feature.

5

Severe

The enamel surfaces are badly affected and
hypoplasia is so marked that the general
form of the tooth may be affected. There are
pitted or worn areas and brown stains are
widespread; the teeth often have a corroded
appearance.

tooth. The recording of dental ﬂuorosis was done according
to Dean’s dental ﬂuorosis index. The codes and criteria used
are shown in Table 2.
Fluoride exposure

|

No

was used for children under 5 years of age.
metrical and tend to show striated patterns across the

01.2

Dean’s classiﬁcation (excluded e.g. a crowned tooth and not recorded)

Muscle exercise for determination of skeletal ﬂuorosis among adults.

radiological and biochemical parameters. The same method

|

and 100.0 mg/l ﬂuoride), 10 ml were added to 1 ml TISAB
III to calibrate the instrument. After calibration, 10ml of

Fluoride exposure can be through food, water, soil and air.

the sample was added to the beaker and stirred with a mag-

In the study region, uptake of ﬂuoride through air pollution

netic stirrer with 1 ml of TISAB III. The electrode is then

(both indoor and outdoor) is negligible. The study was

rinsed with distilled water after completion of each sample

undertaken in rural areas of devoid of any industrial activi-

analysis and the reading is taken.

ties. As there are no industrial sources in the study
villages, it is safe to presume that ﬂuoride intake through

Food exposure

air pollution is negligible.
For food exposure a dietary survey was conducted to deterWater exposure

mine dietary practices. The survey involved a household
survey which included a questionnaire on the types and

For water exposure, the National Environmental Engineer-

quantities of foodstuffs consumed on a daily basis. A further

ing Research Institute, Nagpur, India collected water

biometric test of the age and weight of each household

samples following methods described in AWWA & APHA

member was then undertaken. Based on household inter-

(). One litre of water was collected from the water

views, foodstuffs consumed at the household level were

source that was reported to be the primary drinking water

collected in 50 g samples in marked plastic bags. The

source in the village in plastic containers to avoid possible

samples were dried at 163–165 C in a hot air oven in a boro-

contamination from the borosilicate present in glass bottles.

silicate evaporating dish. After cooling, the dried material

Samples were analysed using the ion selective electrode

was powdered and passed through a 40-mesh sieve. One

(ISE) method. First, the electrode slope of the ion meter

gram of this material was diluted with 5 ml concentrated

(54–60 mV/decade) was checked as per the speciﬁcations

hydrochloric acid in a 150 ml plastic beaker and mixed for

of the ORION 5*™. For each standard (1.0 mg/l, 10.0 mg/l

1 hr; 100 ml of buffer solution was added and a sample
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extract was then ﬁltered and stirred for 3 min by a magnetic

on YLD (years lived with disability) only and estimated on

stirrer. The millivolt reading is taken using an ion selective

a population basis as suggested by Havelaar & Melse

electrode to measure the ﬂuoride concentration.

(). In this case, the number of disability cases is multiplied by the average duration of the disease and a weight
factor by using the following basic formula (without apply-

Total daily intake

ing social preferences) for one disabling event is:
An estimated total daily intake (TDI) was calculated using
Equation (3):

TDI ¼

ðNOAEL or LOAELÞ
A
UF

YLD ¼ I × DW × L

ð6Þ

where I, Number of incident cases; DW, Disability weight,
ð3Þ

L, Average duration of disability (years).
The following assumptions are made to estimate DALY

where NOAEL and LOAEL are no-observed-adverse-effect

due to skeletal and dental ﬂuorosis:

level and lowest-observed-adverse-effect level, UF stands

1. Onset of dental ﬂuorosis is considered to be 6–8 years.

for uncertainty factor.

Dean’s Classiﬁcation was used to classify dental ﬂuoro-

In this study the LOAEL value was determined by referring to the minimum total daily intake value at which there
is an observed effect of ﬂuorosis. An uncertainty factor of 1
was considered for determining TDI.

sis; Class 3 and above is considered to be indicate cases
of dental ﬂuorosis.
2. Onset of skeletal ﬂuorosis is considered to be 3 years
from the date of continuous consumption. Chakma

To determine the most susceptible age group, two age

et al. () reported that children 3 years and above

groups i.e. <18, and >18 were selected. For each a guideline

also developed skeletal ﬂuorosis in Mandla District of

value was calculated using Equation (4):

Madhya Pradesh, India.

ðTDI × BW × PÞ
GV ¼
C

3. The severity of dental ﬂuorosis is considered to be low
ð4Þ

(0.003) and constant with age as suggested by Fewtrell
et al. ().

where GV, Guideline value; TDI, Total daily intake; BW,
Body weight; P, Fraction of TDI fraction allocated to drinking water; C, Daily drinking-water consumption.

4. The severity of skeletal ﬂuorosis is relatively high and
increases with age (0.24 to 0.50) (Fewtrell et al. ).
The severity weight of 0.24 is assumed to apply up to
the age of 18, while the weight of 0.5 is assumed to
apply to those aged 18 and above (Murray & Lopez

Risk characterization

) considering average life expectancy of 55 years in
Madhya Pradesh, India (Government of India ).

In this study, DALY (disability adjusted life years) were calculated based on methods outlined in Havelaar & Melse
() with background data from Murray & Lopez ().

Integrated ﬂuorosis mitigation programme

The following equation was used to determine DALY due
to dental and skeletal ﬂuorosis:
DALY ¼ YLL þ YLD

Water intervention
ð5Þ

The dilution of groundwater contaminated with ﬂuoride
using collected rainwater was carried out so as to ensure

where YLL, Years of life lost due to premature mortality,

the level of ﬂuoride was below the threshold limit. Rooftop

YLD, Years lived with disability.

rainwater harvesting may not be sufﬁcient to supply potable

As noted by Fewtrell et al. (), ﬂuorosis is not con-

water for 365 days in a year, but provides a low-ﬂuoride

sidered as fatal; therefore the DALY calculation is based

source with which to dilute other higher-ﬂuoride water
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RESULTS AND DISCUSSION

collected through rainwater harvesting and groundwater
containing ﬂuoride to ensure availability of safe water for

To estimate the exposure of the population to the hazard

drinking and cooking purposes. A schematic of dilution

(ﬂuoride in water and food), the size and the nature of the

technology is shown in Figure 2.

population exposed and the route, amount and duration of

This may include a 1:2 dilution to reduce the concen-

exposure were calculated.

tration of ﬂuoride of 3 to 1 mg/l. To dilute the
contaminated groundwater, the groundwater and rainwater
are blended in two overhead tanks.
Nutrition intervention
The calcium-rich crop chakoda bhaji (Cassia tora) was promoted. This vegetable is commonly found in rural areas of
India and has a high calcium content (3,200 mg/100 g of
dry leaves). Consumption of this crop has the following
advantages:
a) High content of calcium, iron, vitamin C and other nutritional elements
b) Commonly grown in rural areas
c) Can be used for consumption throughout the year after
drying.

Hazard identiﬁcation
Firstly, the hazard identiﬁcation undertaken in 2005 indicated that the concentration of ﬂuoride in water ranged
from 0.3 to 1.5 mg/l in the schools and communities
selected. Similarly, ﬂuoride in food samples ranged from
0.005 to 1.1 mg/kg dry weight. Further analyses of ﬂuoride
content in food and water undertaken in 2007 indicated
that ﬂuoride in water varies between 0.5 and 3.7 mg/l. and
in food between 3.3 and 7.8 mg/kg.
The bioavailability of ﬂuoride in food is dependent on
whether the food is consumed raw or cooked. Studies
from Ethiopia by Malde et al. () note that a considerable
amount of ﬂuoride is retained in food prepared in high ﬂuoride cooking water. This therefore emphasises the need to
include food contaminated with ﬂuoride when considering

Data analysis

the total exposure. Figure 3 indicates that rice has a high
content of ﬂuoride due to: (a) content of rice per se since

Data was processed and analysed using EPI-info software

this increased between 2005 and 2007 it was attributed to

programme. The results indicate the impact of the Integrated

high uptake of ﬂuoride by rice paddy ﬁelds when irrigated

Fluorosis Mitigation Programme on the level of dental

with ﬂuoride-contaminated irrigation water and (b) uptake

ﬂuorosis in children in the cohort. The results are divided

of ﬂuoride when rice is boiled in ﬂuoride-rich water.

into Dhar and Jhabua and presented in the Results and Discussion section below.

Exposure assessment and dose response
Firstly, the exposure assessment indicated that 49.9% persons are affected with dental ﬂuorosis and 11.8% persons
were affected with skeletal ﬂuorosis. Dental ﬂuorosis was
common among children (8–18 years), whereas adults
(above 20 years) contribute majority of the total skeletal
ﬂuorosis cases.
Secondly, the exposure assessment is required to
determine the TDI for different age groups, from food and
water.
The TDI value for all exposure routes was observed to

Figure 2

|

Dilution technology.
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Fluoride content in water and food (dry weight) (2005 and 2007).

The weight of students (<18 years) varied from 16 to 48

Fewtrell et al. () estimated an average DALY of 15

kg and water intake varied between 3 and 5 litres per day

per 1,000 persons-year in India based on estimate of 1.8%

per child, whereas weight of adults (>18 years) varied

of dental ﬂuorosis and 0.72% skeletal ﬂuorosis cases. The

from 34 to 65 kg and water intake varied between 3 and

DALYs for ﬂuorosis in Madhya Pradesh, India are higher

8 litres per day per person. The calculated guideline values

than those reported by Fewtrell et al. () due to the

for age group <18 years and >18 years are 1.7 and 1.9 mg/

fact that the study in Madhya Pradesh is undertaken in a

l respectively.

ﬂuorosis-endemic area having a higher proportion of the
ﬂuorosis-affected population.

Risk characterization
Integrated ﬂuorosis mitigation programme
Data indicated that 49.9% persons among studied population are affected with dental ﬂuorosis, whereas 9.3% and

Figure 4 shows that there is a reduction in the prevalence of

2.5% persons are affected with skeletal ﬂuorosis below and

grade I ﬂuorosis of 22%, for grade II there is reduction by

above 40 years respectively. DALYs due to dental ﬂuorosis,

10%, grade III 1% and grade 4 12%. Overall there is a signiﬁ-

skeletal ﬂuorosis (<40 years) and skeletal ﬂuorosis

cant reduction in the 0 prevalence of dental ﬂuorosis from

(>40 years) are estimated to be 8, 112 and 62 per

44% to 88% which is attributable to the dilution of water

1,000 persons.

and change in nutritional status.
The study was undertaken in a limited area and it is recommended that it is repeated in other geographic areas
based on a conservative screening approach that considers
the hydrogeology and recorded cases of ﬂuorosis.

CONCLUSIONS
This study concludes that to control ﬂuorosis total daily consumption from all exposure routes (water and food) must be
considered, quantifying chemical risk is required for approFigure 4

|

Percentage reduction in levels of dental ﬂuorosis.
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that reduction of dental ﬂuorosis is possible through the
application of appropriate mitigation measures.
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