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Safe Limit: WHO/EPA guideline = 10 µg/L in drinking water

(Raturi et al., 2023) 
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Particle Size: 1–100 nm with high 
surface area
Removes: As(III), As(V), Cr(VI), 
Pb(II), organic pollutants
Application: Nano iron oxides 
show high arsenic affinity (Das & 
Bezbaruah, 2021; Das et al., 
2020)

Das et al., 2020
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In all surface complexation models, sorption is a function of both
chemical and electrostatic energy as described by the free energy
relationship:

ΔGtot = ΔGads + zFψ

PHREEQC has two models for surface complexation:
 Dzombak and Morel,1990
 CD-MUSIC





Omoregie et al. 2013,
Arsenic bioremediation by biogenic iron oxides and sulfides,
Applied and environmental microbiology, 79(14), 4325-4335



Objective:
To model arsenic (As) removal from groundwater via sorption onto
biogenic iron (Fe(III)) oxides formed by microbial oxidation of Fe(II),
using PHREEQC geochemical modeling.
Methodology:
 Developed a 1D reactive transport model in PHREEQC.
 Simulated microbial oxidation of Fe(II) and subsequent

precipitation of Fe(III) as Hfo (hydrous ferric oxide).
 Modeled arsenic adsorption onto the formed Hfo using surface

complexation.



Reactions of Surface Species



 Change the pH of the solution
 Track the change in surface area of the Hfo
 Compare with experimental results (Das et al., 2020)





Initial solution Final solution







 Smaller HFO particles and lower pH
conditions led to significantly higher
arsenic adsorption.

 The PHREEQC model predicted an
increase of ~75% arsenic removal
under these conditions.

 This is less compared with
experimental results from Das et al.
(2020), which reported >95%
arsenic removal. Das et al., 2020



Differences in predicted vs. observed values may be due to the
approximation of HFO as nano iron in the model
Nano iron and HFO have different surface complexation

constants (log K), which affects adsorption predictions
Accurate modeling of arsenic adsorption on nanomaterials

(e.g., nZVI, graphene oxide, nano-magnetite) requires a
comprehensive and standardized thermodynamic database
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