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Introduction 
  Arsenic: 

 One of the most toxic, naturally occurring groundwater 
contaminants. 

 Sources: Natural and anthropogenic. 
 Speciation: Arsenate (As(V)) oxyanions (H2AsO4

-1  and 
HAsO4

-2 ) and arsenite (As(III)) (H3AsO3, As3+). 
 Health effect: Causes different types of health problems in 

human including cancer, uterine function damage (Akram et 
al., 2010), higher heart stroke rates, bladder cancer (Marshall 
et al., 2007)etc. 

 WHO drinking water safety limit for As is 10µg/L.  



Introduction 
 Nano-scale zero valent iron:  

  Size: 1 to 100 nm  
 High surface area 
 NZVI particles are able to treat chlorinated compounds, 

heavy metals, dichromate and pesticides. 
 NZVI particles and their corrosion products are suitable for 

remediation of both As (III) and As (V) (Kanel et al., 2005; 
Bezbaruah et al., 2014) 



Mechanism of As removal by NZVI: 
 Adsorption 

 Formation of iron 
hydroxides: 
oxidation 

     Fe(OH)2, Fe(OH)
3, FeOOH  

 Reduction 
  NZVI core   

Figure. Schematic of possible mechanisms of As 
removal by NZVI. (Bezbaruah et al., 2014) 



Surface Complexation Model 
  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 
where ΔG is the Gibbs energy (J/mol), z is the charge number 

(unitless) of the sorbed species, F is the Faraday constant 
(96,485 C/mol), ψ is the potential (V). 

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



The paper researched 
  Rozell D. 2010 Modeling of removal of Arsenic by iron oxide 

coated sand. Journal of Environmental Engineering. 
136:246-248. 



Case Study 
Methodology:	
  
  An arsenic filtration experiment using iron oxide coated sand 

was modeled using the USGS geochemical program 
PHREEQC. 

  PHREEQC software uses the Dzombak and Morel (1990) 
model for surface complexation of iron oxide. 

  Assumption:  
 Ferrichydrite or hydrous ferric oxide Hfo is the primary iron 

oxide surface due to its large surface area and number of 
binding sites. 

  weak sites 0.2 mole/mole Hfo, 0.005 mole/mole Hfo. 



Case Study	
  
  PHREEQC input values: 

Fe(OH)3 0.0336 moles 

Strong binding sites 0.000168 moles 

Weak binding sites 0.00671 moles 

Mass 3.59 

Temperature 25 degree C 

pH 7.5 

pe 4 

As 0.00000538 moles 



Case Study	
  
  Results: 

Figure. Iron oxide coated sand removal of As(V) during simulated column test 

  The original experiment filtered 165 bed volumes to concentrations 
less than 0.01 mg/L As and approximately 210 bed volumes to 0.05 
mg/L As. The model filtered 168 bed volumes to 0.01 mg/L As and 
228 bed volumes to 0.05 mg/L. 



Objective 

 To model the removal of arsenic by adsorption on 
surfaces of NZVI particles 

 Compare with experimental results (Bezbaruah et al., 
2014) 



Modeling Procedure 
  Using PHREEQC model from USGS, the adsorption of As on iron 

hydroxide surface of NZVI was modeled. 
  Input values used for modeling: 

  Database: WATEQ4F 

As(V) 0.000135 moles 
NZVI 0.00855 moles 
Weak sites 0.00171 moles 
Strong sites 0.000043 moles 
Total Hfo 0.91 gram 
pH 5.0 
pe 4 
Temperature 25 deg C 



Modeling Procedure	
  

(Allison et al., 1990) 



Results 
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Initial solution                    Final Solution 

  So, 99.99 % As has been removed by the adsorption on NZVI 
surfaces 

  Bezbaruah et al., 2014 found 99.57% removal of As with the 
same amount of NZVI and same initial concentration of As. 
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Results	
  
 Effect	
  of	
  pH:	
  



Results	
  
 Effect	
  of	
  pH:	
  

pH Final As concentration(molality) 
5.0 7.043e-11 
6.0 3.805e-10 
7.0 6.062e-09 
8.0 3.204e-07 



Conclusion 
 The	
  model	
  yeilded	
  99.99%	
  removal	
  of	
  arsenic	
  by	
  
NZVI	
  whereas	
  the	
  experimental	
  results	
  yielded	
  
99.57%	
  removal	
  of	
  arsenic	
  by	
  NZVI	
  

 Removal	
  efficiency	
  decreases	
  with	
  the	
  increase	
  of	
  pH.	
  
 More	
  realistic	
  results	
  can	
  be	
  found	
  by	
  using	
  the	
  real	
  K	
  
values	
  for	
  NZVI,	
  sample	
  of	
  groundwater	
  and	
  also	
  by	
  
incorporating	
  reduction	
  process	
  in	
  the	
  model.	
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