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Text S1. Details of Predictors used for groundwater fluoride model 

Climate variables: Higher fluoride levels have been corroborated to drier climate. Increased 
precipitation dilutes fluoride and lowers its concentration, but high temperatures and 
evapotranspiration combined with arid or semi-arid climate accelerate fluoride dissolution [3]. The 
climate factors were thus considered as potential indicators of groundwater fluoride. Climate factors 
have been identified as significant predictors of groundwater fluoride in earlier investigations [78]. 
The WorldClim database's "temperature" and "precipitation" climate variables were retrieved here 
with a spatial resolution of 30 arc-seconds [100]. The 2017 yearly average values of these variables 
were used. The Consultative Group for International Agriculture Research (CGIAR) database's 
"Potential Evapotranspiration" and "aridity" values were also retrieved with a 30 arc-second 
resolution [101]. 

Soil variables: In total, five soil factors were used as potential predictors in this study. These factors 
include the pH and cation exchange capacity of soil at two depths, namely the topsoil (at 50 cm depth) 
and subsoil (at 2m depth). Additionally, we used the percentage of fluvisols, a proxy of younger 
alluvial deposit in the soil (considered at a depth of 2 metres). The interaction of fluoride-minerals and 
groundwater can be influenced by soil variables like pH, and this can lead to fluoride dissolving into 
the groundwater [102]. By releasing or absorbing fluoride from their surfaces, soil variables can 
influence groundwater fluoride levels. Many previous studies have used soil variables as important 
predictors of groundwater fluoride [16, 103].  The International Soil Reference and Information 
Center (ISRIC)'s SoilGrids database was used to collect these variables at a resolution of 30 arc 
seconds [104]. 

Hydrogeologic variables: We have used four variables, i.e., “slope”, “topographic wetness index 
(TWI)”, “depth to groundwater”, and “hydraulic conductivity”, from the hydrogeologic category. 

The variables "slope" and "topographic wetness index" are the proxies of groundwater flow rates, 
storage, and residence times and affect the interaction duration of fluoride-bearing minerals and 
groundwater [105]. The HydroSHEDS provides the global digital elevation model (DEM) database at 
15 arc-second resolutions [106] and the DEM data from this database was used to develop the “slope” 
and “topographic wetness index” variables in the ArcGIS software at 30 arc-second resolutions.   

"Depth to groundwater" can affect groundwater fluoride concentrations because changes in 
groundwater depth affect the pH and alkalinity of the water, which in turn encourages the dissolution 
of fluoride [107]. The Water Resources Information System (WRIS) database was used to get the 



"depth to groundwater" data for the year 2017 [108]. Groundwater depth readings for the study area 
from the database was used here. The point data was interpolated using the inverse distance weighting 
approach, taking into account the 12 closest data points, to a resolution of 30 arc seconds ArcGIS 
software [109]. 

Fluoride enrichment is influenced by "hydraulic conductivity," which affects the rates of infiltration 
and recharging as well as the length of time that rocks and groundwater interact [110, 111]. From the 
study of Bhanja et al. [33], “hydraulic conductivity” data was retrieved as polygons and then extracted 
using the ArcGIS software.  

Geologic variable: One of the most influencing variable for groundwater fluoride in this study was 
considered to be the "tectonics." The occurrence of fluoride-bearing minerals from deep earth and the 
processes involved in fluoride mobilisation are both governed by tectonic evolution [112-114]. The 
tectonic dataset was developed from the study of Parvez and Ram [115]; Jain et al. [116] using 
ArcGIS software. 

Anthropogenic variable: The anthropogenic variable "area irrigated with groundwater" is a surrogate 
for extensive groundwater abstraction for irrigation, which depletes groundwater reserves and is likely 
to encourage fluoride-releasing mechanisms [76]. The information for "area irrigated with 
groundwater" was gathered using the Food and Agriculture Organization's (FAO) Global Map of 
Irrigation Areas (GMIA), version 5 database, which has a resolution of 5 arc-minutes [117]. 

Table S1. List of variables selected for possible influence on groundwater Fluoride, their sources and 
relation with Fluoride based on previous literature. 

Category Predictor variables Resolution Type 

Climate 

Precipitation (P) (mm/year) 30 arc-second Continuous 

Temperature (ºc) 30 arc-second Continuous 

Potential evapotranspiration 
(PET) (mm/year) 30 arc-second Continuous 

Aridity (P/PET) 30 arc-second Continuous 

Soil 

Topsoil pH (%) 30 arc-second Continuous 

Subsoil pH (%) 30 arc-second Continuous 

Topsoil Cation exchange capacity 
(CEC_topsoil) (%) 30 arc-second Continuous 

Subsoil Cation exchange capacity 
(CEC_subsoil) (%) 30 arc-second Continuous 

Fluvisols (%) 30 arc-second Continuous 

Hydrogeology 

Slope (º) 30 arc-second Continuous 

Topographic wetness index (TWI) 30 arc-second Continuous 

Depth to groundwater (m) 30 arc-second Continuous 



Hydraulic conductivity (m/day) Polygon Categorical 

Geology Tectonics Polygon Categorical 

Anthropogenic Area irrigated with groundwater 
(%) 5 arc-minute Continuous 



Table S2. Details of the Random forest model performance 

 

 

 

 

 

 

 

 

 

Table S3: Details of groundwater F measurements (n=205) from CGWB database and RF predicted 
area with elevated (>1.0 mg/L) groundwater F and estimated population exposed to elevated 
groundwater F for the 3 studied districts of WB 
 

Districts (Geological 
terrain) 

Observed no of 
measurements >1.0 mg/L 
(total measurements) 

Predicted 

% of area with >1.0 
mg/L F 

Population exposed 
to >1.0 mg/L F 

Bankura (P. Alluvium) 23 (87) 4 170559 

P. Medinipur (Residual 
Soils) 3 (57) 1.8 114383 

Puruliya (CGC) 0 (61) 2.6 106882 

 

 

 

Table S4. Elemental oxide weight % of soil sediments derived from XRF analysis. 

Samples Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 Fe2O3 F Cl 

Total 

wt.% 

Bankura 0.68 0.19 8.50 43.22 0.41 2.32 0.65 0.91 7.07 35.94 0.11 
 

BK1-3-3.5 0.29 0.17 5.98 49.43 0.56 1.29 0.56 0.82 3.90 36.93 0.09 100 

BK1-3-12 1.04 0.33 13.02 35.50 0.25 7.34 0.89 1.09 5.49 34.94 0.14 100 

BK1-3-14 1.69 0.16 8.28 41.19 0.44 1.31 0.52 0.88 13.96 31.57 0.02 100 

BK-3-4.5 0.30 0.19 7.00 47.64 0.47 1.43 0.84 0.88 4.32 36.92 0.02 100 

BK-3-18 0.34 0.16 7.97 44.13 0.44 1.26 0.53 0.80 5.93 38.43 0.02 100 

BK-3-22 0.42 0.17 8.77 41.47 0.29 1.28 0.58 0.99 8.82 36.84 0.37 100 

Puruliya 0.90 0.35 12.89 38.47 0.38 8.16 0.60 0.87 5.78 31.29 0.29 
 

Performance parameter 
Dataset 

Train Test Overall 

Accuracy 91% 90% 93% 

Sensitivity 0.90 0.88 0.93 

Specificity 0.99 0.99 0.92 

AUC  0.95 0.99 

Cutoff  0.55 0.58 



P-1-10 1.12 0.27 12.04 41.50 0.45 9.32 0.05 0.65 5.94 28.36 0.30 100 

P-1-20 0.83 0.37 13.87 37.84 0.34 7.85 0.83 1.05 5.73 30.74 0.56 100 

P-1-22 0.75 0.41 12.77 36.08 0.34 7.32 0.93 0.92 5.68 34.78 0.03 100 

P. Medinipur 0.51 0.63 9.65 41.94 0.40 1.60 3.38 1.27 7.75 32.70 0.17 
 

WM3-1-4.5 0.51 0.45 7.83 47.87 0.43 1.23 0.98 1.14 6.08 33.28 0.22 100 

WM3-1-12 0.42 0.69 10.76 40.92 0.48 1.74 1.20 1.31 8.45 33.75 0.29 100 

WM3-1-16 0.60 0.91 9.78 42.29 0.48 2.03 4.05 1.20 8.66 29.96 0.05 100 

WM3-2-8 0.42 0.59 9.49 39.42 0.29 1.55 5.90 1.32 7.74 33.21 0.09 100 

WM3-2-12 0.39 0.45 10.83 41.38 0.32 1.40 0.97 1.36 7.02 35.72 0.17 100 

WM3-2-20 0.71 0.72 9.21 39.77 0.40 1.63 7.18 1.27 8.57 30.32 0.23 100 

 

 



 

Figure S1. Correlation among the continuous predictor variables used in the Random forest model 

 

 



 

Figure S2. (a) Sensitivity vs. specificity of the Random forest model and selected cutoff for the test data, (b) Area under the curve (AUC) value determined 
from the Receiver operating characteristic (ROC) curve of the Random forest model for the test data 

 



Figure S3.  (a) Sensitivity vs. specificity of the Random forest model and selected cutoff for the overall data, (b) Area under the curve (AUC) value 
determined from the Receiver operating characteristic (ROC) curve of the Random forest model for the entire data 

Figure S4. Maps of the predictor variables used in the Random forest model 



Figure S4. Maps of the predictor variables used in the Random forest model (Continued)
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