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FlLroride (F-) colttamination of underground rvater table poses sLrbstantial tlrreats to httrran health

rvorldrvide inclucling India. This study was designed to investigate the spread and intensity flLroride

contaminatiou in lesser explored parts of Jharkhand,India. The Baliapur blocli of Dhanbad district and

Mica rrining regions in Giridih district were selected for the study. T'he flLroride soLrrce. spread. intensitl,

and dynamics in the aquifer were evaluated here. Groundu'ater samples collected from both regiotrs

were categorized into F-safe and F-unsafe groups based on WHO's perrnissible F limit (1.5 ppm).

Significant differences ir-r fluoride concentrations between groups were noted. On analysitlg

physicochentical parameters alkalirre pH, high Na* and HCOr- levels. and extended tirrle of rock-u'ater

interactiou r.vere found to enhance F-accurnulation. Observations of aqLrifer chentistrl'sltttued silicate

rveathering and carbonate dissolLrtion to be the primary geogenic sources of flLroricle. I-ogistic re'gressiotl

(AUC: 95.60/o) and self-organising maps generated predictive efficiencr tbr F in trrrsartrpled locatiotrs.

t-{ealth risk assessntents indicated non-carcinogenic risks, especially for children and Sobol sensitivity'

assessment shorved concentration of F- ion and body rveight had the highest impact in it. High values

of rvater qLralitl,and irrigational indices in F-rich sarnples, denied their suitability of trse. The application

of nrodelling, machine learning, geospatial analysis and classical chemistry together aided prudent

ru-ronitoring of water qLrality in areas irnpacted by fluoride.

Next. the stgdy adclressed F removal using an exfoliated biochar (EB) prepared frorn acid exfoliated

rvater hyacinth (Pontederia crassipes). Batch adsorption experintetlts, and respollse surface

rnethodology were performed to identify the optirnized parameters affecting the process oladsorptiort,

It rvas founcl that for pH 6, 30"C, and 2Opprn of initial fluoride concentration a 86.08% rerlroval

efficiency r,vas noted for a 6.5 grn/ltr of biochar. Monolayer adsorptiotr fbllow'ing Langtnuir isothernt

(R2:0.995) and chenrisorption demonstrated by pseudo-second order reactions (Rr:0.997) \\'erc

reported. Brunauer-Erlrnet-Taylor analysis suggested successfitl exfoliation ft'om ittcreased pore

volurne and surface area. Field errission scanning electron microscopy'cotrpled ertergv-dispersive X-

ray spectroscopy FE,SEM-EDX confirmed F- uptake in biochar pores. I-he sLtrfhcc'fitnctional gr'(rlrps

r.esponsible fbr adsorption were identified rvith FTIR" The getrerated F--laden biochars were sLrb.iected

to remediation using verrnicornposting. Ternporal studies of compost physico-chenlical parattleters,

rnicrobial activity and F- fractions r.vere monitored to ensure a safe by-product. This vernli-sanitised

biochar rvas then tested in rioe and tomato cultivation, for tracing any F- bioaccumulation in edible parls

of crops and ntonitoring agronomic parameters. Results sr,rpporled this vermi-cotnposted product as a

viable option for agriculture while simultaneously mitigating the F- colttamitlatiott. Overall, a

colnprehensive stLrdy rvhich includes identifying fluoride contaminatiott, producitrg a sttstaitrable lorv

cost green biosorbent frorn tlre otherwise unrvanted water hyacinth to contbat it and t'ernli-retnediatiltg

the spent biosorbent to a valLrable agricultural compost, was successfully addressed in this research.
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