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ABSTRACT  

 

The study was carried out to assess the co-occurrence of arsenic and fluoride in groundwater in 

Chandrapur district, Central India, and their possible future health risk to men, women, and 

children. A total of 36 groundwater sampling locations (n = 34 from hand pump and n = 2 from dug 

well) were identified using a systematic random sampling method. The sampling was carried out 

using the grab sampling method in the post-monsoon season. Various physicochemical parameters 

were analysed as described in APHA. The results showed that the average concentration of arsenic 

in the groundwater was 0.0316 mg/L (0.0158 - 0.0414 mg/L), while the average concentration of 

fluoride was 1.18 mg/L (0.5 - 2.32 mg/L). All groundwater samples had arsenic concentrations 

above the limit permissible by the Indian standard (0.01 mg/L), while they were within the desirable 

limit (0.05 mg/L). As for the fluoride in groundwater, 12 samples (33.33 %) were below the 

desirable limit by the Indian standard (< 1.0 mg/L) and five (13.88 %) were above the desirable 

limit (> 1.5 mg/L). The co-occurrence of arsenic and fluoride in groundwater from the study area 

was recorded at 47.22 % (n = 17) of the sampling locations. At 14 sampling locations (38.88 %), 

the concentrations of both arsenic and fluoride in groundwater were higher, while at 35 sampling 

locations (97.22 %) there was an elevated concentration of either arsenic or fluoride or both of these 

contaminants. The plausible reason for the presence of arsenic and fluoride in groundwater can be 

attributed to geogenic origin. The prolonged ingestion of the groundwater from the study area may 

pose a threat to the health of the inhabitants. The inhabitants should be aware of these contaminants, 

and local authorities should use these findings to identify hotspots where these contaminants have 

occurred. It is necessary to develop and apply low-cost, environment-friendly, and easy-to-adopt 

methods for the removal of arsenic in combination with fluoride. 
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INTRODUCTION 

 

Groundwater is the primary source of drinking 

water for more than 50 % of the world's 

population [1]. About 2.5 billion people 

depend on groundwater as the main source of 

daily drinking water [2]. Groundwater is 

sometimes the only source of drinking water 
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for rural and small populations [3]. According 

to McDonald et al. [4], the only practical 

solution to address distributed rural water 

demand is groundwater mining. This is 

because it can be accessed from anywhere and 

requires less money to maintain and grow [5, 

6]. 

 

According to Adimalla et al. [7], around 90 % 

of rural Indians are directly dependent on 

groundwater for drinking and irrigation. The 

2011 Census of India [8] shows that hand 

pumps and tube wells account for 33.47 % of 

the total drinking water supply in India, while 

untreated sources account for 11.56 %, 

uncovered wells account for 9.44 %, and tube 

wells and bore wells together account for 8.47 

%. Therefore, 62.5 % of the total source of 

drinking water in India comes from untreated 

sources. Rural India accounts for 76.6 % 

(43.63 % from hand pumps, 12.95 % from 

untreated sources, 11.76 % from uncovered 

wells, and 8.72 % from tubewells/borewells). 

These statistics show that untreated 

groundwater is the primary source of drinking 

water in rural India. Additionally, 20.5 % of 

people in rural areas are between the ages of 5 

and 14, which is slightly more than the 17.3 % 

of people in urban areas. The population of 

rural children is vulnerable to exposure to 

toxins contained in groundwater.  

 

Rapant and Krcmova [9] reported that 

contamination of drinking water with various 

chemicals and heavy metals released from 

various anthropogenic sources has become a 

worldwide issue. Pollution of water resource 

has significant effects on both the ecosystem 

and human health [10, 11]. According to the 

United Nations [12], 2.3 billion people 

worldwide have water-related diseases. The 

co-occurrence of arsenic and fluoride in 

groundwater at the global level is shown in 

Table 1. The table highlights the occurrence of 

these two elements in different regions of 

various countries around the world. 

 

A literature review revealed that several 

studies were carried out on fluoride in 

groundwater in Chandrapur district, but no 

study was carried out on arsenic in 

groundwater and the co-occurrence of arsenic 

and fluoride. For this reason, this study was 

carried out with an aim to assess the co-

occurrence of arsenic and fluoride in 

groundwater in Chandrapur district. The 

outcome of the study will add new 

understanding of the co-occurrence of arsenic 

and fluoride in groundwater in the study area. 

The findings will help to identify hotspots of 

co-occurrence of these two contaminants and 

their health risk for men, women, and children 

in the study area. In addition, it will help in the 

identification of suitable technologies for the 

removal of these contaminants.  

 

Table 1. Co-occurrence of arsenic and fluoride 

in groundwater at the global level 
 

Region, 

Country 

Concentration 

of arsenic in 

groundwater  

Concentration 

of fluoride in 

groundwater 

Reference 

Brahmaputra 

Flood Plain, 

India 

25.1 µg/L 14 mg/L [13] 

Tripura, India 
< 0.003 - 0.044 

mg/L 

< 0.005 - 4.8 

mg/L 
[14] 

Bam, 

Iran 

9.26 - 14.65 

µg/L 

0.91 - 1.12 

mg/L 
[15] 

Zagros basin, 

Kurdistan 

region, Iraq 

0.19 - 7.8 µg/L 
0.01 - 2.1 

mg/L 
[16] 

Latium, 

Central Italy 
128.5 µg/L 6.1 mg/L [17] 

San Luis 

Potosi, 

Mexico 

2.50 - 30.0 

µg/L 

0.20 - 3.5 

mg/L 
[18] 

Inner 

Mongolia 

0.31 - 47.0 

µg/L 

0.07 - 7.70 

mg/L 
[19] 

Mexico 
3.02 - 12.32 

µg/L 

361 - 1160 

mg/L 
[20] 

Punjab, 

Pakistan 
32 - 1900 µg/L 

2.47 - 21.1 

mg/L 
[21] 

 

 

Study area 

 

Chandrapur district (19°25' to 20°45' N and 

78°50' to 80°10' E) is located in the Vidarbha 

region of the Maharashtra state in central 

India, with an elevation range of 106 m to 589 

m above mean sea level (amsl). The district 

has an area of 11364 km2. There are 15 

administrative blocks in the district. The area 

is rich in natural resources, including coal, 

limestone, iron, copper, and other minerals, as 

well as thick forests and fauna. The area has 

witnessed huge coal mines, cement factories, 

pulp and paper industry, and multiple thermal 

power plants due to the abundance of natural 
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resources and minerals [22]. There is also the 

Tadoba Andhari Tiger Reserve with 93 tigers 

in the district [23].  

 

The climate of the district is characterized by 

different climatic extremes, including hot 

summers (May, with temperatures up to 46 °C) 

and cold winters (December, with 

temperatures as low as 7 °C), as well as 

general drought throughout the year. The 

weather in the region can be categorised as 

tropical hot. During the monsoon season, the 

humidity is 70 %, and 20 % during the 

summer. The rainy season (June to September) 

is characterized by heavy rainfall from the 

southwest monsoon, with annual rainfall 

ranging from 1200 to 1450 mm and an average 

of 60 to 65 wet days. The district has an 

uneven distribution of rainfall. Rainfall is quite 

low in the Worora administrative block and 

increases progressively until it reaches a 

maximum near the Bramhapuri administrative 

block [22]. Geologically speaking, the 

Gondwana sedimentary basin includes the 

Chandrapur district. From Archean to more 

modern alluvium and laterites, the lithology of 

the Chandrapur area is diverse.  

 

 

 

EXPERIMENTAL  

 

Sampling and analysis of groundwater 

 

For this study, groundwater sampling was 

done at 36 locations in the Chandrapur district 

(Figure 1). These locations included hand 

pumps (34, 94.44 %) and dug wells (2, 5.55 

%). Stratified and purposeful random sampling 

was used. To collect groundwater samples, the 

grab sampling technique was used. The 

groundwater sampling was carried out in the 

post-monsoon season. Except for the field 

analysis parameter, the groundwater samples 

were immediately tested to determine 

physicochemical characteristics as listed in 

Table 2 and as described by the American 

Public Health Association (APHA) [24]. The 

glassware used in testing the physicochemical 

characteristics of groundwater samples was 

made of borosilicate, and all reagents were of 

Analytical Research (AR) grade (Merck). 

Reagent preparation was done using double-

distilled water. 

 

 
 

Figure 1. Groundwater sampling locations 

 

 

Sample preparation 

 

For the preservation of heavy metal samples 

(arsenic, in this study), concentrated HNO3 (1 

mL per 100 mL of groundwater sample, 16 N, 

Merck) was added on-site to another sampling 

container made of polyethylene (Poly lab, 

India). To prevent contaminants from entering 

the sampling container, the mouth was sealed 

with adhesive tape after closing with a screw 

cap. After acid digestion with concentrated 

nitric acid (HNO3), the amounts of total heavy 

metal (arsenic) from the groundwater samples 

were determined. The samples were acid-

digested in a pre-leached glass beaker on a hot 

plate at 95 °C and evaporated to 5 mL without 

boiling. Clean watch glass was used to cover 

glass beakers for the duration of the procedure. 

Metals from groundwater were completely 

extracted by this method. After cooling, a 

small quantity of 1:1 concentrated HNO3 (16 

N, Merck) was added to the digested sample, 

and it was then refluxed for an additional 15 

minutes to dissolve any precipitate and 

evaporation-related residue. After cooling, the 

digested sample was put into a 25 mL 

volumetric flask and diluted with double-

distilled water. Arsenic concentration in 

groundwater was determined using this acid-

digested sample.  
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Sample analysis  

 

The Inductively Coupled Plasma-Optical 

Emission Spectroscopy (ICP-OES) 

(PerkinElmer Dv 7000, Shelton, CT, USA) 

equipped with WinLab 32 for ICP version 4.0 

software was used to analyse the presence of 

heavy metal [24, 25] under consideration 

(arsenic) at a wavelength of 193.61 nm with 

axial plasma view. The sample introduction 

unit consists of a cyclonic spray chamber and 

low-flow GenCone nebulizer. PerkinElmer 

NIST traceable quality control standard was 

used as the stock standard for preparing 

working standards.  

 

Fluoride concentration in groundwater was 

determined using the 1,8-Dihydroxy-2-(4-

sulfophenylazo)naphthalene-3,6- disulfonic 

acid trisodium salt (SPADNS) method (a 

colorimetric method). The process is based on 

the principle that fluoride interacts with 

zirconium reagent SPADNS solution in an 

acidic environment, bleaching the "lake" 

(colour of SPADNS reagent) when ZrF6 is 

produced. Bleaching is closely related to 

fluoride concentration because fluoride ions 

are a function of bleaching.  

 

The anhydrous sodium fluoride (AR, Merck) 

was dissolved in distilled water to obtain 1.00 

mL = 100.0 µg F- of stock solution, which was 

further diluted to obtain a standard fluoride 

solution of 1.00 mL = 10.0 µg F-. A series of 

standard fluoride solutions with concentrations 

of 0.5 mg/L, 1.0 mg//L, and 2.0 mg/L was 

prepared by dissolving an appropriate volume 

of standard fluoride solution in distilled water. 

The reference solution was used to set zero 

absorbance. At 570 nm, absorbance was 

determined using a Microprocessor Photo 

Colorimeter (Esico, Model 1312) with a light 

path of 10 mm at a yellow filter with 

transmittance at 570 nm. The standard fluoride 

calibration curve was used to calculate the 

fluoride concentrations in groundwater [25].  

 

Table 2. Standard methods used for groundwater analysis 
 

Parameter Standard method 
APHA (2017), 

Reference No. 
Instrument 

Temperature Mercury thermometer B of 2550 Gera, GTI, India 

pH Electrometric method B of 4500-H+ 
Digital pH meter, Electronics India, 

Model 101 

Conductivity Conductivity meter B of 2510 
Digital conductivity meter, 

Electronics India, Model 601 

Total dissolved solids 
Total dissolved solids dried  

at 180 °C 
C of 2540 Hot air oven, Navyug, India 

Total alkalinity Titration method B of 2320 NA 

Hardness (Total, calcium, 

and magnesium) 

Ethylene Diamine Tetra Acetic acid 

titration method 
C of 2340 NA 

Chloride Argentometric method B of 4500-Cl- NA 

Sulphate Turbidimetric method E of 4500-SO4
2- 

Double beam UV/Visible 

spectrophotometer, Electronics 

India, Model 1372 

Fluoride SPANDS method D of 4500-F- 
Microprocessor Photo Colorimeter, 

Esico, Model 1312, India 

Arsenic (Total) Inductively Coupled Plasma-OES C of 3500-As 
ICP-OES, Dv 7000, PerkinElmer, 

USA 

Iron Inductively Coupled Plasma-OES C of 3500-Fe 
ICP-OES, Dv 7000, PerkinElmer, 

USA 

Manganese Inductively Coupled Plasma-OES C of 3500-Mn 
ICP-OES, Dv 7000, PerkinElmer, 

USA 

  NA - not applicable 

 
 

RESULTS AND DISCUSSION 

 

Physicochemical parameters of groundwater 

from the study area are presented in Table 3. 

The following physical properties were 

determined, i.e. total alkalinity, hardness, 

conductivity, total dissolved solids, and 

temperature. Of the heavy metals, arsenic, 
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iron, and manganese were analysed. Of the 

inorganic non-metallic constituents, chloride, 

fluoride, and sulphate were estimated. The 

obtained results were compared with the 

Indian standard for drinking water (IS 

10500:2012). 

 

Table 3. Groundwater quality 
 
Sampling location 

(Water source) 
Temp pH EC TDS Cl- T-Alkal TH CH MH F- As Fe Mn 

Sonegaon (HP) 30.0 6.87 920 580 20 376 136 100 36 1.05 0.030 0.135 0.009 

Telwasa (HP) 30.0 6.85 1210 770 45 348 276 272 4 1.10 0.026 0.498 0.005 

Belora (HP) 30.0 7.23 960 600 34 376 132 124 8 2.00 0.026 0.155 0.031 

Sagra (DW) 28.0 7.20 1690 1080 108 340 340 324 16 0.80 0.031 0.079 0.006 

Pethbhansouli (HP) 28.5 6.96 1290 820 93 380 344 240 104 1.05 0.033 0.643 0.124 

Bhisi (HP) 30.0 6.72 1720 1110 137 328 540 424 116 1.30 0.025 0.698 0.760 

Pimpalgaon (HP) 30.0 7.18 2830 1820 272 388 644 416 228 0.90 0.029 1.464 0.007 

Mowada (HP) 29.5 6.95 1500 960 105 340 364 264 100 1.10 0.023 0.163 0.003 

Dongargaon (HP) 30.0 6.83 2420 1560 234 332 472 392 80 2.16 0.034 0.457 0.125 

Lohara (HP) 29.0 5.74 330 200 15 108 100 84 16 0.50 0.033 0.265 0.005 

Chichpalli (HP) 28.5 6.90 4710 3060 678 476 1448 548 900 1.50 0.031 0.166 0.086 

Dabgaon 

(Tukum) (HP) 
29.5 6.80 2270 1470 209 540 548 340 208 1.10 0.031 1.627 0.133 

Naleshwar (HP) 31.5 6.45 1430 910 219 228 268 260 8 0.97 0.041 0.650 0.008 

Karwan (HP) 30.0 7.23 960 610 51 332 212 96 116 1.76 0.030 0.184 0.033 

Chikmara (HP) 30.5 7.02 1730 1110 129 392 552 304 248 1.30 0.033 0.084 0.016 

Pathri (HP) 30.5 6.61 880 560 71 232 172 160 12 0.63 0.031 0.323 0.034 

Gunjewahi (DW) 27.5 7.28 460 280 8 236 120 52 68 0.74 0.035 0.055 0.001 

Mangali Chak (HP) 29.5 6.83 860 540 28 320 220 212 8 0.74 0.033 0.144 0.003 

Govindpur (HP) 30.0 6.89 2390 1540 287 416 680 268 412 1.37 0.029 0.215 0.005 

Ratnapur (HP) 31.0 6.86 1510 970 131 372 400 340 60 0.78 0.033 1.694 0.115 

Antargaon (HP) 30.5 7.42 1040 670 15 440 60 32 28 2.32 0.029 0.098 0.003 

Visapur (HP) 29.5 6.11 770 490 56 176 160 100 60 0.93 0.036 4.021 0.013 

Ballarpur (HP) 29.5 6.02 900 570 57 160 152 120 32 0.63 0.033 3.713 0.025 

Sasti (HP) 29.5 6.75 3930 2590 353 384 1360 852 508 1.10 0.029 0.202 0.005 

Gowari (HP) 30.0 6.93 1700 1100 117 408 284 192 92 1.30 0.029 0.146 0.002 

Arvi (HP) 30.5 6.78 1420 920 74 280 380 364 16 1.15 0.015 0.353 0.006 

Awarpur (HP) 30.0 7.05 2330 1520 148 500 276 184 92 1.82 0.026 0.120 0.017 

Lakhmapur (HP) 30.0 6.92 880 570 13 292 284 272 12 1.30 0.030 0.123 0.001 

Kem (Tukum) (HP) 30.5 7.01 770 490 13 280 172 112 60 0.65 0.033 1.276 0.022 

Ganpur (HP) 30.0 6.92 4550 3000 473 412 1104 684 456 1.10 0.033 0.157 0.002 

Gondpipari (HP) 31.0 6.85 2300 1500 200 408 560 448 112 1.15 0.033 0.185 0.081 

Pombhurna (HP) 30.5 7.04 1850 1200 149 432 556 300 256 1.10 0.035 0.160 0.003 

Jam Tukum (HP) 30.0 6.89 2260 1480 215 436 344 268 76 1.30 0.036 0.114 0.016 

Dongar Haldi (HP) 30.0 6.95 2700 1770 270 580 300 216 84 1.44 0.039 0.290 0.043 

Durgapur (HP) 30.0 6.94 2923 1948 185 636 300 272 28 1.48 0.035 0.088 0.311 

Morwa (HP) 29.0 7.03 2010 1310 134 332 360 240 120 0.93 0.036 0.214 0.003 

IS 10500:2012 NS 
6.5-

8.5 
NS 500 250 200 200 NS NS 1.0 0.01 0.3 0.1 

 

HP - Hand pump, DW - Dug well, Temp - Temperature in °C, EC - Electrical conductivity in µS/cm (103), TDS - Total dissolved solids, Cl- - 

Chloride, T-Alkal - Total alkalinity, TH - Total hardness, CH - Calcium hardness, MH - Magnesium hardness, F - Fluoride, As - Arsenic, Fe - Iron, 

Mn - Manganese. All parameters are expressed in mg/L except temperature, pH, and EC. IS 10500:2012 is the drinking water standard of India 
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A summary of these groundwater quality 

parameters for various statistical tests is given 

in Table 4. These statistics include minimum, 

maximum, average, standard deviation, 

variance, skewness, and kurtosis. In addition, 

the cumulative percentiles for the respective 

groundwater quality parameters are also 

presented.  

 

The co-occurrence of arsenic and fluoride in 

groundwater is shown in Table 5 (Figure 2). It 

can be seen from the table that the minimum 

concentration of arsenic in groundwater of 

0.0158 mg/L was recorded in Arvi (HP). The 

average concentration of arsenic in the study 

area was 0.0316 mg/L with a standard 

deviation of ± 0.004. As for the fluoride in 

groundwater, the minimum concentration was 

recorded in Lohara (0.5 mg/L), and the 

maximum in Antargaon (2.32 mg/L). The 

average concentration was 1.18 mg/L with a 

standard deviation of ± 0.042. At the minimum 

concentration of arsenic in groundwater of 

0.0158 mg/L (Arvi, HP), the concentration of 

fluoride was 1.15 mg/L, while at the maximum 

concentration of arsenic in groundwater of 

0.0414 mg/L (Naleshwar, HP) the 

concentration of fluoride was 0.97 mg/L. In 

case of fluoride, the minimum concentration of 

0.5 mg/L was recorded in Lohara (HP), where 

concentration of arsenic was 0.0339 mg/L. In 

Antargaon (HP), where the maximum fluoride 

concentration of 2.32 mg/L was recorded, the 

concentration of arsenic in the groundwater 

was 0.029 mg/L. Furthermore, it was observed 

that at 14 sampling locations (38.88 %), the 

concentrations of both arsenic and fluoride 

were higher. At 35 sampling locations (97.22 

%), there was an elevated concentration of 

either arsenic or fluoride or both of these 

contaminants. Only in Pimpalgaon (HP), the 

concentrations of arsenic and fluoride in 

groundwater were lower. From these findings, 

it was observed that at the minimum 

concentration of one of the observed 

contaminants, the concentration of the other 

contaminant is higher. Thus, it can be 

concluded that contaminant concentrations in 

the groundwater are elevated, and one 

contaminant suppresses the concentration of 

the other. Thus, at any given point, inhabitants 

in the study area are under constant threat from 

them leading to health risks.  

 

 

 

Table 4. Summary of groundwater quality 
 

Parameter n Min. Max. Average SD (±) Variance Skewness Kurtosis 
Cumulative percentiles 

25th 50th 75th 95th 98th 

Temperature, °C 36 27.5 31.5 29.8 0.81 0.65 - 0.87 1.51 29 30 30 31 31 

pH 36 5.74 7.42 6.86 0.33 0.11 - 1.64 3.64 6.82 6.91 7.02 7.24 7.32 

EC, µS/cm (103) 36 330 4710 1788 1052 1107501 1.21 1.44 950 1600 2307 4085 4598 

TDS, mg/L 36 200 3060 1157 695 484201 1.21 1.41 595 1025 1505 2692 3018 

Chloride, mg/L 36 9.0 678 149 140 19857 1.91 4.93 49 123 210 383 534 

Total alkalinity, mg/L 

as CaCO3 
36 108 636 361 110 12316 0.08 0.65 313 374 413 550 596 

Total hardness, mg/L as 

CaCO3 
36 60 1448 406 320 102755 1.99 4.15 202 320 542 1168 1386 

Calcium hardness,  

mg/L as CaCO3 
36 32 852 274 171 29467 1.40 2.95 151 266 340 582 734 

Magnesium hardness,  

mg/L as CaCO3 
36 4.00 900 132 182 33278 2.70 8.56 25 78 117 469 625 

Arsenic, mg/L 36 0.015 0.041 0.031 0.004 2.29e-5 - 0.93 2.49 0.029 0.032 0.034 0.037 0.04 

Fluoride, mg/L 36 0.500 2.32 1.18 0.42 0.18 0.90 0.74 0.92 1.1 1.31 2.04 2.20 

Iron, mg/L 36 0.055 4.022 0.582 0.92 0.84 2.82 8.07 0.14 0.19 0.53 2.19 3.80 

Manganese, mg/L 36 0.002 0.761 0.058 0.13 0.02 4.42 21.92 0.004 0.011 0.03 0.177 0.44 

 

n - Number of sampling locations, Min. - minimum, Max. - maximum, SD - Standard deviation (±), EC - Electrical conductivity, TDS - Total 

dissolved solids 

 

 

 

 

  



R.K. Kamble: Co-occurrence of arsenic and fluoride …, Holistic Approach Environ. 15(2025) 1, pp. 36 – 46 

 

 
42 

Table 5. Co-occurrence of arsenic and fluoride 

in groundwater  
 

Sampling location (Water source) As F- 

Sonegaon (HP) 0.0305 1.05 

Telwasa (HP) 0.0268 1.10 

Belora (HP) 0.0263 2.00 

Sagra (DW) 0.0312 0.80 

Pethbhansouli (HP) 0.0339 1.05 

Bhisi (HP) 0.0251 1.30 

Pimpalgaon (HP) 0.0291 0.90 

Mowada (HP) 0.0230 1.10 

Dongargaon (HP) 0.0345 2.16 

Lohara (HP) 0.0339 0.50 

Chichpalli (HP) 0.0312 1.50 

Dabgaon (Tukum) (HP) 0.0314 1.10 

Naleshwar (HP) 0.0414 0.97 

Karwan (HP) 0.0302 1.76 

Chikmara (HP) 0.0334 1.30 

Pathri (HP) 0.0317 0.63 

Gunjewahi (DW) 0.0352 0.74 

Mangali Chak (HP) 0.0334 0.74 

Govindpur (HP) 0.0295 1.37 

Ratnapur (HP) 0.0337 0.78 

Antargaon (HP) 0.0290 2.32 

Visapur (HP) 0.0366 0.93 

Ballarpur (HP) 0.0332 0.63 

Sasti (HP) 0.0295 1.10 

Gowari (HP) 0.0290 1.30 

Arvi (HP) 0.0158 1.15 

Awarpur (HP) 0.0265 1.82 

Lakhmapur (HP) 0.0308 1.30 

Kem (Tukum) (HP) 0.0335 0.65 

Ganpur (HP) 0.0330 1.10 

Gondpipari (HP) 0.0336 1.15 

Pombhurna (HP) 0.0358 1.10 

Jam Tukum (HP) 0.0365 1.30 

Dongar Haldi (HP) 0.0396 1.44 

Durgapur (HP) 0.0355 1.48 

Morwa (HP) 0.0367 0.93 

Minimum 0.0158 0.5 

Maximum 0.0414 2.32 

Average 0.0316 1.18 

Standard deviation (±) 0.004 0.42 
 

Values are expressed in mg/L and bold indicates higher 

concentration 

 

A thematic map showing the co-occurrence of 

arsenic and fluoride in groundwater is 

presented for three ranges of fluoride 

concentration in groundwater (Figure 2). The 

first range was from 0.50 to 1.00 mg/L with 12 

(33.33 %) sampling locations. This range of 

fluoride concentration in groundwater can 

cause dental caries. The second range was 

from 1.001 to 1.50 mg/L with 19 (52.77 %) 

sampling locations. This range is considered 

safe according to the Indian drinking water 

standard (IS 10500:2012). Five (13.88 %) 

sampling locations that had fluoride 

concentrations in groundwater from 1.501 to 

2.32 mg/L are shown as the third concentration 

range. Two concentration ranges were 

identified for arsenic in groundwater. A total 

of 11 (30.55 %) sampling locations had arsenic 

concentrations in groundwater in the range of 

0.0158 - 0.030 mg/L. The remaining sampling 

locations (n = 25, 69.44 %) had arsenic 

concentrations in groundwater in the range of 

0.0301 - 0.0414 mg/L. It can be seen from 

Figure 2 that the concentrations of arsenic and 

fluoride in groundwater are evenly distributed 

in the study area.  

 

 
 

Figure 2. Co-occurrence of arsenic and 

fluoride in the study area 

 

A statistical summary of the co-occurrence of 

arsenic and fluoride in groundwater in the 

study area is presented in Table 6. 

 

It can be seen from the Table 6 that fluoride 

concentration in groundwater below (< 1.0 

mg/L) and above (> 1.5 mg/L) the Indian 

drinking water standard for fluoride was 

recorded at 12 (33.33 %) and five (13.88 %) 

sampling locations, respectively. At these 

sampling locations, the concentration of 

arsenic in groundwater was above the 

desirable limit (0.01 mg/L) according to the 

standard. Thus, the co-occurrence of arsenic 

and fluoride in groundwater in the study area 

was in 47.22 % (n = 17). The concentration of 

arsenic in groundwater in the range of 0.01 - 

0.030 mg/L was observed at 11 (30.55 %) 

sampling locations, while at 69.44 % (n = 25) 

the concentration was 0.031 - 0.0414 mg/L.  
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Table 6. Statical summary of co-occurrence of 

arsenic and fluoride in groundwater 
 

 N (%)  N (%) 

Fluoride 

concentration 

within the 

desirable limit by 

the Indian 

standard for 

drinking water 

(1.0 - 1.5 mg/L) 

19 

(52.77 %) 

Arsenic 

concentration 

within the 

desirable limit by 

the Indian 

standard for 

drinking water 

(0.01 mg/L) 

Absent 

Fluoride 

concentration 

below the 

desirable limit by 

the Indian 

standard for 

drinking water  

(< 1.0 mg/L) 

12 

(33.33 %) 

Arsenic 

concentration 

between  

0.01 - 0.030 

mg/L 

11 

(30.55 %) 

Fluoride 

concentration 

above the 

desirable limit by 

the Indian 

standard for 

drinking water  

(> 1.5 mg/L) 

5 

(13.88 %) 

Arsenic 

concentration 

between  

0.031 - 0.0414 

mg/L 

25 

(69.44 %) 

Co-occurrence of arsenic and fluoride in groundwater  

17 (47.22 %) 

 

The concentration of fluoride in groundwater 

within the desirable limit by the Indian 

drinking water standard (1.0 - 1.5 mg/L) was 

recorded at 19 (52.77 %) sampling locations, 

with an average value of 1.22 mg/L. At these 

sampling locations, arsenic in groundwater 

ranged from 0.0158 - 0.0396 mg/L, with an 

average value of 0.0307 mg/L. This 

concentration of arsenic in groundwater was 

above the desirable limit of the Indian 

standard. The concentration of fluoride below 

the desirable limit of Indian drinking water 

standards (< 1.0 mg/L) was recorded at 12 

(33.33 %) sampling locations, with an average 

value of 0.766 mg/L. Within these fluoride 

ranges, the concentration of arsenic in 

groundwater ranged from 0.029 - 0.041 mg/L, 

with an average value of 0.0341 mg/L. The 

concentration of fluoride in groundwater 

above the desirable limit by the Indian 

drinking water standard was observed at 5 

(13.88 %) sampling locations, with an average 

value of 2.01 mg/L. In such conditions, the 

concentration of arsenic in groundwater 

ranged from 0.0263 - 0.0345 mg/L, with an 

average value of 0.0293 mg/L. At all the 

sampling locations, the concentration of 

arsenic in groundwater was above the 

desirable limit (0.01 mg/L) according to the 

Indian standard, but was within the 

permissible limit (0.05 mg/L). Thus, co-

occurrence of arsenic and fluoride in 

groundwater in the study area was found at 17 

(47.22 %) sampling locations, which 

represents the risk of dental or skeletal 

fluorosis and health problems related to 

arsenic. The co-occurrence of arsenic and 

fluoride in groundwater in the study area was 

distributed throughout the district. The 

probable reason for their presence can be 

attributed to geogenic origin.  

 

Chronic exposure to arsenic in drinking water, 

even at low to moderate levels, may be a risk 

factor for gallbladder cancer, according to 

two-year research conducted in major tertiary 

care hospital receiving patients from various 

parts of Assam and Bihar in India [26]. 

Inhabitants from the study area may be at risk 

of developing gallbladder cancer due to 

consumption of arsenic-contaminated 

groundwater.  

 

Residents from Inner Mongolia who consume 

groundwater may be concerned about F- and 

As. No relationship was observed between 

well depth or any geographical variation and 

groundwater quality [19]. The results obtained 

from the study area are partially in accordance 

with the results stated in the study. 

 

Farooqi et al. [27] reported that fluoride and 

arsenic contamination occurred in the 

oxidizing and alkaline conditions of the 

groundwater. These findings agree with the 

findings reported from the study area. In the 

study area, 47.22 % (n = 17) of sampling 

locations had co-occurrence of arsenic and 

fluoride, while in the Dharmanagar region of 

Tripura, India, it was observed in 59 % of the 

analysed samples [14]. Therefore, from these 

findings, it can be stated that the co-occurrence 

of fluoride and arsenic is a common 

phenomenon and must be investigated in areas 

contaminated with either of them. A strong 

positive correlation (in scatterplot) was 

observed between arsenic and fluoride in 

aquifers with arid, oxidizing conditions, 

particularly in the Yuncheng Basin of northern 

China [28] and in Chihuahua, Mexico [29]. 
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CONCLUSION 

 

The obtained result in this study indicates the 

presence of arsenic and fluoride in 

groundwater in the study area. The findings 

showed that the average concentration of 

arsenic in groundwater was 0.0316 mg/L 

(0.0158 - 0.0414 mg/L), while the average 

concentration of fluoride was 1.18 mg/L (0.5 - 

2.32 mg/L). All groundwater samples had 

arsenic concentrations above the limit 

permissible by the Indian drinking water 

standard (0.01 mg/L), but within the desirable 

limit (0.05 mg/L). As for the fluoride in 

groundwater, 12 samples (33.33 %) were 

below the desirable limit of the Indian 

standard (< 1.0 mg/L) and five (13.88 %) 

above the desirable limit (> 1.5 mg/L). The co-

occurrence of both of these elements was 

observed at 47.22 % (n = 17) of the sampling 

locations. The probable reason for the 

presence of arsenic and fluoride in 

groundwater can be attributed to geogenic 

origin. Long-term consumption of 

groundwater from the study area can lead to 

diseases among the inhabitants. The local 

authorities should use the findings obtained in 

this study to identify vulnerable locations that 

may pose significant health risks. In case of 

unavailability of alternative sources of 

drinking water, local authorities should make 

available a source of drinking water through 

tankers. Furthermore, residents should be 

introduced to the cheap method of 

defluoridation (Tulsi, Ocimum sanctum) [30]. 

In addition, arsenic removal methods need to 

be developed that can be combined with 

fluoride removal options. Future studies about 

cases of cancer occurrence and long-term 

effects on the health of children and adults will 

help decision-making authorities to ensure 

sustainable health and sustainable living. 
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