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Abstract— Excess of fluoride content in drinking water and 

groundwater has been causing increasing health and 

environmental issues. In this direction, a demand for 

development of sensory devices has an increasing upsurge in 

the recent years. In this article, we have briefly discussed the 

serious problems associated with excess fluoride content in 

water and the detection methods available for determining 

fluoride in water. Out of the many methods available, sensory 

devices have gained importance due to their portability and 

low-cost reliability. Herein we have discussed few literatures 

on different types of sensory devices established for fluoride 

detection and the scope for further development of such 

devices using low-cost and portable monitoring systems.  
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I. INTRODUCTION 

In this advancing era, obtaining clean and potable water for 

our daily uses has become a major issue. One of the 

contaminant which largely affects water sources is fluoride 

[1]. Fluoride contamination is one of the main concerns 

across the globe from past few decades. Besides having the 

credit of being the most electronegative and the lightest 

among the halogens, it is also abundant in the earth’s crust 

(625mg/kg) [2]. Fluorine occurs in the form of F- ion in water 

[3]. 

Some of the main sources of fluorine are fluorite, 

cryolite and topaz [4]. Weathering of fluorine from these 

minerals is one of the primary causes of fluoride enrichment 

in water. Additional sources of fluoride contamination in 

water are mining, excess use of pesticides [5] etc. 

According to WHO and BIS, the permissible limit 

for fluoride in drinking water is 1.5mg/L [6,7]. Fluoride 

concentrations in rivers are generally within this permissible 

limit but human activities lead to excessive fluoride 

deposition and contamination. Excessive fluoride in water 

causes many endemic problems such as dental fluorosis [8] 

and skeletal fluorosis[9]. Dental fluorosis is a condition 

wherein white and yellow shining patches are observed on the 

teeth due to fluoride deposition which will eventually turn 

black and affect the whole tooth [8]. Intake of water 

containing excess fluoride by pregnant women pose risks for 

the newborn by causing calcification of blood vessels and 

may cause infant mortality [10]. An individual may also get 

affected with severe pain in the backbone, joints, hips, bone 

stiffness, calcification of ligaments and paralysis [4]. Besides 

dental and skeletal fluorosis, excessive fluoride intake can 

also cause neural, muscular and allergic manifestations, 

gastro-intestinal problems and headache [4]. It is predicted 

that more than 200 million people across the world may be 

affected by fluorosis [11]; in particular about 66 million 

people in India are at risk of fluoride infection [12]. 

II. METHODS AVAILABLE FOR UNAMBIGUOUS DETECTION OF 

FLUORIDE FROM WATER 

Among the many different methods available for the 

detection of fluoride, the important ones are chromatography, 

sensing, microfluidic analysis, titration and electrochemical 

methods. Figure 1 gives a schematic representation of the 

methodical classification of techniques available for fluoride 

detection. 

 
Fig. 1: Flow chart of the methods available for fluoride 

detection (Reinterpreted from [11]) 

III. SENSORY DEVICES FOR FLUORIDE RECOGNITION 

In general terms, sensor is a module whose sole purpose is to 

detect changes in its vicinity and send this information to a 

computer processor [13]. Sensors are broadly classified into 

two types viz. electronic and optical sensors based on the 

types of signals produced during the sensing event [13]. An 

example for electronic senor is biosensor and for optical 

sensor is chemosensor. Table 1 gives a brief account of the 

fluoride detection sensors recently developed. 

Sl 

No 

Model 

sample 
Method of F- sensing Sensing agent LOD Ref 

1 Toothpaste 
Colorimetric and 

fluorescent probe 

Eu3(TTA)9 

trisphen 

6.06 

μM 

Yang et 

al.,2014[14] 

2 Toothpaste 
Colorimetric and 

ratiometric  chemosensor 
Quinoline 

0.067 

μM 

Yadav et al., 

2014 

[15] 
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3 Toothpaste 
Fluorescent system for 

Quantitative  determination 
Silicon 

18.42 

μM 

Luo et al., 

2013 

[16] 

4 Water Microelectronic Sensor 
LED sensor and Fiber optic 

sensor 
- 

Balan Pillai et 

al., 2011 

[17] 

5 
Drinking 

water 

Colorimetric  determination 

using fluoride reagent paper 

Paper impregnated with 

aluminium quinalizarin 

complex 

0.1 

mg/L 

Zaher Barghouthia  

et al., 2013 

[18] 

6 
Drinking 

water 

Colorimetric determination 

using smartphone 

water +zirconyl xylenol 

orange complex reagent 
0.1ppm 

S. Levin et al. , 

2016 

[19] 

Table 1: Fluoride detection sensors as reported in literature

Some of the recent advances in the field of fluoride sensors 

are as follows- 

A fluorescent probe based on the receptor 

Eu3(TTA)9 was designed for the selective detection of F- with 

a limit of detection (LOD) of 6.06µM which has application 

as a color sensor for the detection of fluoride [14].  A light 

emitting diode based sensor and a fiber optic sensor have 

been developed for the determination of fluoride content in 

water with a microcontroller setup for recording the 

concentration of fluoride in the measured sample. This setup 

showed accurate determination of fluoride between the range 

of 250-3000 ppb [17]. 

A photometric method using a fluoride handmade 

reagent paper infused with aluminium quinalizarin complex 

was established which is a trouble-free field based method for 

the detection of fluoride.  The colour change observed upon 

binding of fluoride to this paper was analysed by a 

photometric arsenator. This method could determine fluoride 

in the range of 0.0─2.0 mg L-1 [18]. 

Very recently, a colorimetric sensor based on a 

smartphone and a compact sample chamber was developed 

which was named as Akvo Caddisfly. Zirconium xylenol 

orange reagent was used as the receptor for determining 

fluoride concentration. To recognize and analyse the color 

changes, a software program was developed. This method 

was comparable to the existing detection methodologies but 

was found to be more economical for groundwater fluoride 

analysis in remote areas [19]. A comparison of few recent test 

kits available for fluoride detection can be found in table 2. 

Sl 

No 
Test kits Advantages Disadvantages 

1 
Hach Pocket 

Colorimeter 

On the spot and accurate estimation of 

fluoride possible 
Expensive kit and a not-so easily available reagent 

2 Pack test kit 
Cheaper, handy and gives instantaneous 

result 

Inaccurate quantitative analysis result and is purely 

based on manual comparison of colour 

3 Akvo Caddisfly 
Reliable, Accurate, instantaneous results 

and easily available reagent 

Not compatible with all mobile phones and phones 

used are costlier 

Table 2: A comparison of programming based test kits available for fluoride detection

IV. SCOPE FOR DEVELOPMENT OF NOVEL SENSORS AND 

SENSING METHODS 

There is much scope for the development of a novel and 

reliable fluoride monitoring system using a sensory device 

which grabs signals such as colour changes, chemical 

changes and physical changes. Pocket friendly and portable 

devices are in much demand which uses simple technique of 

sensing with the aid of a program or computer/chip processor. 

V. CONCLUSION 

The article discusses different methods available for sensing 

fluoride in water and presents literature on fluoride ion 

sensors. The importance of fluoride ion detection and 

estimation has also been presented. In addition, focus has 

been given to computer programming based sensors which 

have a wide scope for use as cheap, pocket friendly, portable 

and economical monitoring systems for the detection of 

fluoride in water. 
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