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Arsenic is a toxic metalloid present in groundwater that threatens human 
health seriously. In this study arsenic(V) removal is investigated from 
drinking water using nanoparticle zero-valent iron (NZVI). Arsenate 
concentration was reduced to standard limitation levels (0.01 mgL-1) in 
batch experiment. In this experience, arsenate mixed with NZVI in ultrasonic 
device was separated from water. The remaining arsenate in the water was 
measured with ICP-OES device with As > 0.01mgL-1 measurement. In this 
article, the effect of mixed time, pH, NZVI and arsenic dosage were 
investigated. Langmiur adsorption capacity was obtained to be 9.56 mgg-1 at 
pH 7. Major anions including chloride, sulfate and chromium ions did not 
show considerable interference in the adsorption behavior, while 
satisfactory arsenate removal was not obtained in the presence of phosphate 
ions. NZVI could be developed as an applicable adsorbent for arsenate 
removal.  
 
Key words: Arsenic, nanoparticle zero-valent iron (NZVI), mixing time, pH, 
competition ions 

Tel: +98 9372429147 

 
 
INTRODUCTION 
 
Arsenic is a toxic metalloid to human health, animals, and 
plants (Basu et al., 2001). The high concentration of this 
hazardous contaminant has been reported in many 
countries around the world such as India (Nickson et al., 
2007), Bangladesh, Taiwan and Iran (Mandal and Suzuki, 
2002; Mesdaghinia, 2005). Arsenic is known to cause skin, 
lung, liver and bladder cancer and also chronic poisoning 
(Hopenhayn et al., 2006). Arsenic components has been 
produced by not only natural arsenic sources in the 
environment including rocks and soil erosion, but also 
through industrial products (pesticides) and human 
activities (mining) (Lin et al., 2000).Thus, the maximum 
permissible limit of arsenic species in drinking water 
recommended by the United States Environmental 
Protection Agency (USEPA) is 0.01 mgl-1 due to its harmful 
effects on human health (USEPA, 2001). The toxicity of 
arsenic changes according to its compounds. Inorganic 
types are the main samples found in nature in ground and 

surface water (HAsO3
2-, H2AsO3-, HAsO4

2- and H2AsO4-) (Lin 
et al., 2000). 

Several techniques have been proposed to remove 
arsenic from water, such as aeration-coagulation (Hering et 
al., 1997), adsorption on iron or aluminum (Emmett and 
Khoe, 2001), ion exchange (Awual et al., 2008, Ghurye et al., 
1999) and membrane separation (Waypa et al., 1997). 
Although these methods are widely used, high operational 
cost, large volume of waste water and high amount of 
sludge are the main restrictions to effective arsenic 
removal. Adsorption on activated carbon (Lorenzen et al., 
1995; Gu et al., 2005) and activated alumina (Kim et al., 
2004) methods have reduced these problems to some 
extent. Zero-valent iron powder or filing type has been 
considered due to its high reactivity in arsenic removal 
(Lackovic et al., 2000; Balarama et al., 2001; Su and Puls, 
2001). Various studies have investigated the different 
aspects  of   arsenic   removal   by zero-valent  iron  such   as  
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chemical reactions (Bang et al., 2005), corrosion reactions 
(Manning et al., 2002) and adsorption (Auffan et al., 2008). 

In the methodology thus presented, arsenic can be 
removed from ground water in a short time within a wide 
range of different conditions by using NZVI. The unique 
property of nanoparticles as an adsorbent is that they are 
capable of removing environmental pollution. Arsenic 
removal by NZVI has revealed promising results (Kanel et 
al., 2006; Gupta et al., 2012; Wang et al 2013). Recently, 
several studies have been conducted on arsenic removal in 
Iran, especially by iron nanoparticles (Mesdaghinia et al., 
2005). In some districts in Iran, the level of arsenic in 
ground water is considerably higher than the 
recommended values (Mesdaghinia et al., 2005). 

This study attempts to evaluate the amount of arsenic 
removal by NZVI in water. The factors examined in this 
study include pH, the arsenic and nanoparticles magnitude 
and also mixing time. This study illustrates arsenic removal 
robust method with other competing ions present in 
ground water due to the simulation of different ground 
water conditions. The impact of sulfate, chlorate, 
chromium, phosphate and carbonate ions on arsenic 
removal have also been explored. Kanel et al. (2005) 
examined tri-valent arsenic removal by NZVI and also 
considered the effects of silicate, phosphate and sulfate ions 
on arsenic removal (Kanel et al., 2005; Kanel et al., 2006). 
Morgada et al. (2009) have probed the penta-valent arsenic 
removal by NZVI and considered the effects of UV radiation 
and humic acid. Su and plus (2001) have investigated the 
effect of some ions on arsenate removal by zero-valent iron. 
The present research is concerned with the effects of a wide 
range of ions in ground water on arsenate removal by 
nanoparticles along with the amounts of arsenic removes 
which have been adjusted by the Langmuir isotherm. 
 
 
MATERIALS AND METHODS 

 
Adsorbent preparation 

 
Iron nanoparticles in this study are commercial products of 
the Research Institute of Petroleum (RIPI) and their 
physical characteristics are obtained from Transmission 
Electron Microscopy (TEM  ،( Brunauer, Emmett and 
Teller(BET ،( Scanning Electron Microscope(SEM)،XRD X-
ray diffraction (XRD) (Shekarriz et al., 2010). According to 
the reported characteristics, these coated black 
nanoparticles consist of 65% iron, measuring 8 - 18 nm in 
size and 59-79 mg-1 in effective area. 

 
Sample preparation 

 
The required arsenate is derived from sodium arsenate salt 
(Na2HAsO4.7H2O). In order to inhibit sedimentation, 100 
mgL-1 of the solution is diluted daily to 1 mgL-1. Chloride 
and sulfate solutions are prepared in two concentrations of 

 
 
  
 
200 and 400 mgL-1 from NaCl, MgCl2, CaCl2, Na2SO4 and 
MgSO4.7H2O salts. Carbonate salt solution is provided in 
150 and 300 mgL-1 concentrations from CaCO3 and Na2CO3 

salts. Phosphate salt solution is obtained in two 
concentrations of 100 and 500 mgL-1 from Na2H2PO4.H2O, 
KH2PO4 and K2HPO4 salts and chromium salt solution is 
provided in 0.5 and 1 mgL-1 concentrations from K2Cr2O7 
salt. All such salts are products of Merck Company, 
Germany and solutions are prepared from deionized water 
with electrical conductivity of less than 0.1 µS. 
 
Experimental procedure 
 
100 mgL-1 of arsenic solution is obtained by dissolving 
0.416 g of arsenic salt in deionized water; thus obtaining 1 
mg/l concentration of arsenate solution by sample dilution. 
Tests have been conducted using the Batch experiment. In 
the batch experiment 0.01, 0.02, 0.04 and 0.05 g of NZVI are 
added to 1 mgL-1 solution in a beaker covered with 
aluminum foil in contact time of 1, 2, 5, 8 and 10 min. For 
proper mixing and dispersion of NZVI in the solution, a 
Power Sonic 240 ultrasound device with average 
wavelength is used. Nanoparticles are filtered through 0.45 
µm Whatman’s filter papers. Arsenic concentration in water 
is measured by inductively coupled plasma which has an 
accuracy of arsenic concentrations in the range of >10 µgL-

1. In this study pH values of 5, 7, 9 and 10 are considered as 
nitric acid and sodium hydroxide are used to modify pH 
values (Yang and Lee, 2005). pH values are measured with 
a Methrohm pH meter by Hach Company. 

To determine the weight of nano particles oven dried at 
200°C for 4 h, a digital scale with accuracy of 0.0001 g is 
used. It should be noted that all experiments were 
performed under aerobic conditions (in the presence of 
oxygen). In following the adsorption equations from 
Langmuir's isotherm, 0.05 g adsorbent with pH=7 with 
arsenate concentrations of 0.5, 1, 5, 10 mg are tested for 10 
min contact time The following equation is used for the 
determination of milligram arsenate adsorbed on one gram 
of adsorbent (qe). 

m

Vcc
q e

e

)( 0  (1) 

Where 
qe= arsenate adsorbed on per gram of adsorbent, mgg-1 

C0= initial concentration of absorbate, mgL-1 

Ce=equilibrium concentration of absorbate, mgL-1 
V= volume of solution, L 
m= mass of absorbent, g 
In order to determine the effect of sulfate and chloride on 

the adsorption process, 100 and 500 mgL-1 of phosphate, 
150 and 300 mgL-1 of carbonate and 0.5 and 1 mgL-1 of 
chromium ions are used. 

This section of the test was conducted under conditions 
of pH=7, ultrasound with average wavelength and mixing 
time of 8 min. In addition, the concentration of arsenic and 
mass of  NZVI   are 1 mgL-1  and 0.5 g,  respectively. All  tests  
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Figure 1: Percentage arsenic removal as a function of contact time by different amounts of NZVI (ph=7, 1 mg/L-1 
arsenate, 25°C) 

 
 
 
are performed in triplicates at room temperature (25°C). 
For the data analysis Equation 1 and the Microsoft Excel 
software are used (Kanel et al., 2006). 
 
 
RESULTS AND DISCUSSIONS 
 
Taking into account the results of various studies, in the 
presence of dissolved oxygen, iron hydroxides are rapidly 
formed on the iron particles’ surface or suspended within 
the solution. Under aerobic conditions, both adsorption and 
reduction are involved in arsenic removal. However, the 
adsorption process is more efficient than the reduction 
process in arsenic removal; therefore, adsorption is known 
as the principal method for arsenic removal (Kanel et al., 
2006). This study reports the effects of various physical 
conditions on arsenic removal efficiency under aerobic 
conditions. 
 
Effect of nanoparticles, mixing time, and ph 
 
As shown in Figure 1, the efficiency of arsenic removal 
increases significantly with an increase in contact time and 
concentration of NZVI. According to the results, it seems 
that with respect to contact time, nanoparticle 
concentration  shows more efficiency in arsenic removal; 
therefore NZVI can promptly remove arsenic. It is revealed 
that the influence of contact time is reduced by increasing 
NZVI concentration. 

Arsenic removal increases over time due to the increase 
in metal surface cavities, adsorption cross sections and 
enhancement of iron reaction products within the aqueous 
solution. The increase in NZVI concentration induces a 
redox reaction enhancement. This results from an increase 

in active adsorption sites and the collision possibility 
between arsenic particles and nanoparticles (Kanel et al., 
2006). 

Figure 2 illustrates the simultaneous effect of pH and 
mixing time on arsenic removal. It can be noticed that 
arsenic efficiency removal shows a direct relationship with 
contact time but is inversely proportional to pH. pH 
variations do not seem to affect the test at 8-min contact 
time and 0.05 g nanoparticles concentrations 
(concentration for the best performance) condition. It can 
be concluded that NZVI is capable of removing arsenate in a 
wide range of pH. Hence, this method is suitable to remove 
arsenic over a wide range of pH and does not have the 
limitations of other prevalent arsenic removal technologies. 

The simultaneous effect of pH and the NZVI 
concentrations on arsenate removal is illustrated in Figure 
3. As observed, an increase in pH causes a decrease in 
arsenic removal efficiency, although the impact of pH on 
removal efficiency is not as much as the NZVI 
concentrations. Moreover, a sufficient amount of NZVI 
concentrations, and pH value do not significantly affect the 
removal process. Enhancement of adsorption surface sites 
and redox reactions resulted in the elimination of repulsion 
force effect between arsenate and NZVI under high pH 
value conditions. 

Some studies have explored that ferrous ions dissolve 
under alkaline conditions due to nanoparticles and 
hydroxyl radical collision and subsequently ferrous 
hydroxide is precipitated (Shu, 2007). Consequently, the 
ferrous hydroxide in the precipitation may occupy active 
adsorption sites on the nanoparticle surfaces thereby 
leading to the prevention of more reactions (Shao-feng, 
2005). 

The research result has also shown that an increase in pH 
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Figure 2: Percentage arsenic removal as a function of contact time by different conditions of pH 
(0.05gL-1 NZVI, 1 gL-1 arsenate, 25°C) 

 
 

 
 

Figure 3: Percentage arsenic removal as a function of NZVI by different conditions of pH (8 min, 1 
gL-1 arsenate, 25°C) 

 
 
 
(up to 11) causes a decrease in arsenate removal efficiency 
from 100 to 37.9% due to the repulsive forces between 
arsenate and negatively charged nanoparticles surfaces 
(Kanel et al., 2005; 2006). Additionally, the increase in 
arsenic removal efficiency from 15 to 99% is due to the 
enhancement of NZVI concentration from 0.05 to 5 gL-1 

(Kanel et al., 2006). 
The enhancement of removal efficiency resulting from 

the increase in NZVI concentrations and also the reduction 
of adsorption efficiency caused by the increase in pH value 
have been investigated in a number of studies. For example, 
Shao-feng et al. (2005) examined hexa-valent chromium 
removal; Yang et al. (2005) determined nitrate removal 
efficiency; and Giasuddin et al. (2007) evaluated humic acid 
removal. 
 
Langmuir adsorption isotherm 
 
Based  on  Figure 4, it  can  be  concluded that  the  arsenate 

adsorption process is well expressed by Langmuir 
isotherms with R2 value of 0.998. Based on this isotherm, 
the interactive behavior between solute and adsorbent is 
described (Ofomoja and Ho, 2006). Moreover, its 
considerable role in the design of an adsorption system is 
undeniable. The Langmuir equation (Equation 1) is widely 
used for this purpose (Ho et al., 2002). The maximum 
adsorption capacity was found to be 9.56 mg.g-1 for 
arsenate. This capacity is higher than other adsorbents like 
activated carbon (0.176 mg.g-1) (Reed et al., 2000) and iron 
coated sand (0.136mg.g-1) (Thirunavuk Karasu et al., 2001). 
 
Effect of competing ions 
 
Arsenic removal in the presence of different ions in various 
concentrations and iron nanoparticles as well as the arsenic 
concentration prior and after the reaction in the presence 
of the added ions are presented in Table 1. Arsenic 
adsorption is not affected by chloride, sulfate and chromate  
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Figure 4.: Langmuir isotherm adsorption of arsenic by iron nanoparticles 

 
 

Table 1. Arsenic concentrations in the presence of added  ions (pH=7, 1 mgL-1 initial arsenate, 0.05 g iron nanoparticles, 
25°C) 

 
Cr2O72- PO43- CO32- HCO3- Cl- SO42-  Added ions 
0.5 100 150 150 200 200 Conc. 1 Ions (mg/l( 
1 500 300 300 400 400 Conc. 2 
        
10> 100 35 25 10> 10> Conc. 1 As dosage after 

removal (µg/l) 10> 350 65 53 10> 10> Conc. 2 

 
 
 
ions and arsenic concentration may be less than the 
standard limit. However, the presence of phosphate, 
carbonate and bicarbonate ions causes a decrease in 
arsenic adsorption. Moreover, arsenic removal is 
significantly affected by the presence of phosphate ions. For 
instance, arsenic concentration is reduced from 1,000 µgL-1 
to 100 µgL-1 by the presence of 100 gL-1 phosphate.  

On the basis of a study which investigated evaluation of 
ions’ effect on tri-valent arsenic removal by iron 
nanoparticles, it was revealed that PO4

-3 and H4SiO4
0 (>10 

mM) reduced arsenic removal from 99.9 to 44.94 and 
66.3%, respectively (Kanel et al., 2005). Nevertheless, other 
test results showed that sulfate and chloride ions do not 
exert a detectable effect on arsenate removal (Su and Puls, 
2001; Boldaji et al., 2010). 

According to the extent of arsenic contamination in 
groundwater around the world, the application of this 
technique especially in Bijar County of Iran's Kurdistan 
province can be an appropriate and low-cost technology 
with high performance (Mesdaghinia, 2005). However, it 
should   be   noted  that  this  technique  is  not  suitable   for  
Groundwater containing phosphate ions, and further studies 

are required to be conducted.  
 
 
Conclusions 
 
Iron nanoparticles are able toremove arsenic in different 
conditions at small scale in a short time and without 
advanced facilities. The study results suggest that 0.05 g 
iron nanoparticles have the potential to adsorb 1 mgL-1 
arsenic from drinking water in 8 min contact time. Besides, 
according to the findings, it is ascertained that various 
physical and chemical properties such as changes in pH 
values and the presence of many ions within solutions do 
not significantly affect arsenic removal efficiency 
.Moreover, penta-valent arsenic is removed by NZVI and 
reaches the standard limits. 
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