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Aims Arsenic contamination of natural water resources has become an important
environmental problem in the world. The adsorption method by iron filings adsorbent or
zero-valent iron was used. The study aimed to evaluate the efficiency of iron filings in arsenite
removal from polluted water and to investigate the effect of magnetic field on the process.
Materials & Methods This interventional study was conducted in synthetically polluted
water samples with certain arsenic concentrations. With regard to the initial arsenic
concentration (0.5 and 2mg/1), iron filings dosages (0, 2.5 and 5g/1), contact times (5, 10 and
15min) and considering the samples before and after magnetic column, 108 samples were
prepared. Data was analyzed by paired sample T and one-way ANOVA tests.

Findings The highest mean of removal efficiency at the initial arsenic concentration of
0.5mg/1 was seen at the iron filings of 5g/1 and 10min contact time (87.7+10.0) and at the
initial arsenic concentration of 2mg/1 was seen at the iron filings of 5g/1 and 15min contact
time (86.3+8.4). At the initial arsenic concentration of 0.5mg/l, magnetic field increased the
removal efficiency of arsenite at the iron filings dosage of 0g/l and decreased it at the iron
filings dosage of 5g/1. The same happened at the initial arsenic concentration of 2mg/1.
Conclusion Arsenic is reduced from the water samples with the iron filings dosage of 5g/1 at
natural pH. Magnetic field increases the arsenic removal efficiency in the absence of the iron
filings and decreases the arsenic removal efficiency in the presence of the iron filings.

Keywords Adsorption; Magnetic field; Arsenite

CITATION LINKS

[1] Arsenic removal from water/wastewater using adsorbents—a critical review [2]
Heavy metals, occurrence and toxicity for plants: A review [3] Slow arsenic poisoning
of the contaminated groundwater users [4]| Arsenic contamination of groundwater: a
review of sources, prevalence, health risks, and strategies for mitigation [5] Physical,
chemical, and biological methods for the removal of arsenic compounds [6] Effect of
magnetite particle size on adsorption and desorption of arsenite and arsenate [7]
Arsenic removal from drinking water using iron oxide-coated sand [8] Review of arsenic
contamination, exposure through water and food and low cost mitigation options for
rural areas [9] Possible treatments for arsenic removal in Latin American waters for
human consumption [10] Remediation of inorganic arsenic in groundwater for safe
water supply: A critical assessment of technological solutions [11] Arsenic and antimony
in water and wastewater: Overview of removal techniques with special reference to
latest advances in adsorption [12] Arsenic and chromium removal by mixed magnetite—
maghemite nanoparticles and the effect of phosphate on removal [13] A method for
preparing silica-containing iron (III) oxide adsorbents for arsenic removal [14] High-
level arsenite removal from groundwater by zero-valent iron [15] Batch-mixed iron
treatment of high arsenic waters [16] Arsenate and arsenite removal by zerovalent iron:
kinetics, redox transformation, and implications for in situ groundwater remediation
[17] Effectivencess of iron filings in arsenate and arsenite removal from drinking water
[18] Magnetic fields for fluid motion [19] Arsenic removal by sulfidation sedimentation
in magnetic field [20] Magnetic water treatment [21] Arsenic (V) removal with a Ce
(IV)-doped iron oxide adsorbent [22] Modeling of arsenic immobilization by zero valentiron

Copyright© 2016 ASP Ins. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


http://www.sciencedirect.com/science/article/pii/S0304389407000349
http://link.springer.com/article/10.1007%2Fs10311-010-0297-8#/page-1
http://link.springer.com/article/10.1007%2FBF03325954#/page-1
http://www.hindawi.com/journals/tswj/2014/304524/
http://www.hindawi.com/journals/bmri/2014/503784/
http://journals.cambridge.org/action/displayAbstract?fromPage=online&aid=8028989
http://link.springer.com/article/10.1023%2FA%3A1022073721853
http://www.sciencedirect.com/science/article/pii/S0883292713002874
http://www.sciencedirect.com/science/article/pii/S0269749110000564
http://www.ncbi.nlm.nih.gov/pubmed/23466274
http://www.ncbi.nlm.nih.gov/pubmed/25585146
http://www.ncbi.nlm.nih.gov/pubmed/20598797
http://www.sciencedirect.com/science/article/pii/S0043135403004020
http://www.ncbi.nlm.nih.gov/pubmed/15763090
http://www.ncbi.nlm.nih.gov/pubmed/11763050
http://www.ncbi.nlm.nih.gov/pubmed/11348091
http://en.journals.sid.ir/ViewPaper.aspx?ID=167378
http://pubs.acs.org/doi/abs/10.1021/ac901783n
http://www.ysxbcn.com/paper/paperView.aspx?id=paper_15225
http://www.sciencedirect.com/science/article/pii/S0304885399006484
http://www.ncbi.nlm.nih.gov/pubmed/12697185
http://www.sciencedirect.com/science/article/pii/S1164556307000349
http://www.daneshafarand.ir/index.php%0D
http://www.ncbi.nlm.nih.gov/mesh/68000327
http://www.ncbi.nlm.nih.gov/mesh/68060526
http://www.ncbi.nlm.nih.gov/mesh/68018053
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Adsorption of Arsenic from Aqueous Solutions by Iron Filings and the Effect of Magnetic Field 38

Introduction

Today arsenic contamination of natural water
resources has become an important
environmental problem in the world, and is
often referred to as a 21th century calamity 1.
Arsenic is a toxic metalloid and exists in
nature in the two organic and mineral forms
[z, Arsenate is the oxidized form and is
predominant in the surface waters, while
arsenite is a reduced form and is often found
in the groundwater. Besides, toxicity and
solubility of arsenite is more than that of
arsenate. Arsenic pollution in water sources is
an outcome of natural and anthropogenic
sources [3l. Excessive and prolonged human
intake of inorganic arsenic, through drinking
water and food, causes arsenicosis, which
includes skin disorders, skin cancer, internal
organ cancer (bladder, kidney, liver, and
lung), arm and leg vascular diseases and
diabetes [4. Arsenate closely resembles the
phosphate ion and creates disorder in human
energy metabolism while arsenite can link
with reactive sulfur atoms present in many
human enzymes and cause serious problems
[51,

The World Health Organization’s (WHO)
guideline value for arsenic in drinking water
is set as 10pg/l 6. Regarding the world
standard changes of arsenic in drinking water
from 50 to 10pg/l, many of the sources of
drinking water supply in Asia are among the
waters that are contaminated with arsenic [71.
Several reports on the existence of increased
levels of arsenic in groundwater have been
made in different countries [41.

Arsenic removal depends highly on the
composition and chemistry of the polluted
water [8l. There are three main methods for
arsenic removal from drinking water,
including membrane filtration, coagulation-
precipitation and adsorption [l. The removal
methods of arsenic need to address both the
technological and the  socioeconomic
considerations [191, Considerable features of
the treatment methods based on adsorption
for arsenic removal include its cost-
effectiveness, easy operation and
maintenance, whereas the other treatment
methods do not have these advantages [11l.
This adsorbent is low-cost, effective, available
and reusable and also does not leave any toxic
or harmful chemicals in drinking water [12. In
contact with water and oxygen, iron filings
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produce iron oxides, which have the main role
in the removal of arsenic compounds [11.

Zeng proposes a method for preparing iron
filings as adsorbent for arsenic removal, and
the adsorption capacity was reported 0.3mg/g
[13], Lien & Wilkin also have conducted a study
on arsenic removal by iron filings [14l.
Ramaswami et al. have removed the arsenite
ion using iron filings and the removal
efficiency of 93% was reported 151, Also, Su &
Puls managed to remove arsenite and
arsenate by using iron filings and achieved the
removal efficiency of 99% [1¢l. In Iran, Asgari
et al. have investigated the efficiency of iron
filings in arsenate and arsenite removal from
drinking water [171. Water treatment by means
of the magnetic field has been recently
considered [18. Ma et al. have investigated the
arsenic removal via sulfide ions in the
magnetic field [191. Coey & Cass as well, carried
out a study on water treatment using the
magnetic field [20l. Yean et al. have removed
arsenic from drinking water by magnetic
particles and proposed the magnetic
properties of the process [6l.

In this study, the adsorption method by iron
filings adsorbent or zero-valent iron was used.
The study aimed to evaluate the efficiency of
iron filings in arsenite removal from polluted
water and to investigate the effect of magnetic
field on the process.

Materials & Methods

Sampling

This interventional study was conducted in
synthetically polluted water samples with
certain arsenic concentrations. With regard to
the initial arsenic concentration (0.5 and
2mg/1), iron filings dosages (0, 2.5 and 5g/1),
contact times (5, 10 and 15min) and also
considering the samples before and after
magnetic column, which was repeated 3
times, overall of 108 samples were prepared.
All tests were conducted in neutral pH
because the pH of the natural waters is close
to neutral pH. The iron filings, unlike the other
adsorbents, have a high affinity to the reaction
with arsenic at the normal pH of water. All the
experiments were conducted in the research
laboratory in Department of Environmental
Health Engineering at Kashan University of
Medical Sciences at room temperature (25°C).
Preparation of adsorbent

The required iron filings were prepared in the
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turning workshops of Tehran, Iran. The iron
filings were passed through a sieve with pores
of 2Zmm and were made wet using deionized
water, and ferric hydroxide precipitation was
allowed to be formed on the surface of the
filings. Iron filings used in this study were
heterogeneous and non-uniform in structural
geology and existed mostly in semi-cylindrical
forms.

Making the magnetic column

A circular magnet with the magnetic field
intensity of 0.01T and outer diameter of 7cm
and inner diameter of 3cm was primarily
placed around a glass column with the height
of 28cm and diameter of 1.5cm, and a iron
spiral with the length of 6cm was located in
front of the magnet inside the column, so that,
the sediments on it could be reacted. Further,
a switching valve was applied at the end of the
column for the discharge velocity adjustment,
which the discharge velocity was 2Zmm/s.
Preparation of the Samples

The synthetically arsenic-polluted water
samples were prepared by diluting 0.1N
sodium arsenite solution (Merck; Germany)
with de-ionized water. In addition, to prevent
the oxidation of arsenite to arsenate the
required solutions were prepared on a daily
basis at 0.5 and 2mg/l concentrations. In the
first place, a stock solution with a certain
concentration was prepared, and then the
samples were prepared by it.

Procedure

The prepared arsenite solutions at 0.5 and
2mg/] concentrations were reacted in contact
with the iron filings adsorbent at 0, 2.5 and
5g/1 dosages over contact times of 5, 10 and
15 minutes within a beaker with the volume
of 100ml on the shaker at the velocity of
400rpm. Half of the sample (50ml) was then
passed through the column at the velocity of
2mm/s and a blank (without iron filings) was
considered for each sample. The blank was
also passed through the column at the same
velocity. Then, the samples before and after
the column were passed through a filter with
pores of 0.45um and their pH was reduced to
below 2 using the intact concentrated nitric
acid.

Statistical Analysis

The arsenic removal efficiency in any state
was calculated and analyzed by SPSS 11.5
software using paired sample T-test and one-
way ANOVA test for comparing arsenic

Miranzadeh M. et al.

removal efficiency with dosages of iron filings
and comparing the initial concentration of
arsenic, and the iron filing dosage with the
electrical conductivity and also comparing the
parameters of the magnetic field with the
electrical conductivity.

Findings

The highest mean of removal efficiency at the
initial arsenic concentration of 0.5mg/l was
seen at the iron filings of 5g/1 and 10min
contact time (87.7+10.0) and at the initial
arsenic concentration of 2mg/l was seen at
the iron filings of 5g/1 and 15min contact time
(86.3+8.4; Figure 1). The increase in the
arsenic removal efficiency due to the
increasing dosage of iron filings, were
statistically significant (p<0.001).

At the initial arsenic concentration of 0.5mg/],
magnetic field increased the removal
efficiency of arsenite at the iron filings dosage
of 0g/l and decreased it at the iron filings
dosage of 5g/l. The same happened at the
initial arsenic concentration of 2mg/l (Figure
1).

Figure 1) Arsenic removal efficiency (%) based on
iron filings dosage (0, 2.5 and 5g/1) and contact times (5,
10, 15min) according to initial arsenic concentration

(0.5 and 2mg/1) before and after the magnetic

column
0.5 (mg/]) 2 (mg/l)

TR TGRS Before After Before After
0 (g/)

Smin 34.7+4.4 421428 41.5+4.2 43.6+39
10min 36.8+2.8 49.1+1.8 43.3+3.2 50.9+3.4
15min 38.7+1.8 55.3%04 46.2+4.0 58.7+4.5
2.5 (g/1)

Smin 74.7+15.1 62.548.0 59.1+69 57.0+7.4
10min 66.8+12.3 60.1+10.6 64.9+4.3 63.1+3.8
15min 73.6+11.7 75.4+15.3 63.5+3.4 61.4+3.8
5 (g/1)

Smin 79.5+11.9 73.2+14.6 67.4410.2 61.7+6.2
10min 87.7+10.0 84.2+13.4 74.3+6.4 70.5%+4.9
15min 75.6+22.9 78.7+7.7 86.3+84 81.8+6.1

The interaction of the initial concentration of
arsenic and the iron filings dosage on the
electrical conductivity changes was
statistically significant (p<0.0001). There was
also a significant relationship between the
magnetic field and electrical conductivity
(p<0.0001).

Figure 2 shows the effects of magnetic field on
the arsenic removal efficiency versus contact
time based on different iron filings dosages
and varies initial arsenic concentrations.
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Figure 2) Effects of magnetic field (After is shown with complete line and before with dashed line) on the arsenic
removal efficiency versus contact time according to iron filings dosages of 0g/1 (A), 2.5g/1 (B) and 5g/1 (C), and also
the initial arsenic concentration of 0.5mg/1 (D) and 2/mg/1 (E)

Discussion

The aim of this study was to evaluate the
efficiency of iron filings in arsenite removal
from polluted water and to investigate the
effect of magnetic field on the process. The
results indicated that with the increase of the
initial arsenic concentration, the removal
efficiency was also increased that could be

Int Arch Health Sci Spring 2016, Vol. 3, Iss. 2

due to the oxidation of arsenite into the
insoluble arsenate ion. Via analysis of iron
filings by extraction with hydrochloric acid,
Hsing et al. 141 have shown that almost 28% of
arsenic has existed in the form of arsenate,
which revealed that oxidation has also been
effective in arsenic removal.

For the initial arsenic concentration of 2mg/1
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and the iron filings doses of 2.5 and 5g/I, the
average removal efficiency was reported as
62.5% and 76.1% and for the concentration of
0.5mg/l, it was reported as 71.7% and 80.9%,
respectively. The results have demonstrated
that with the increase of the initial arsenic
concentration, the arsenic removal efficiency
decreased. By reducing the concentration of
arsenic, the ratio of adsorbent to adsorptive
increases and the removal efficiency increases
©l, Zhang et al [21 have reported the
adsorption capacity of 16mg/g at the arsenic
concentration of 1mg/l, while Lien & Wilkin
[14] have reported the adsorption capacity of
7.5 at the arsenic concentration of 50mg/I.
Based on the obtained results, with the
increase of the iron filings dosage, the arsenic
removal efficiency increased as well. With
increasing the dosage of iron filings,
adsorption sites and surfaces increase and as
a result, the reaction between the arsenite ion
and ferric hydroxide occurs more. Tyrovola et
al. 1221 have shown that with the increase of the
iron filings dose, the removal efficiency of
arsenite ion increases.

At the arsenic concentration of 0.5mg/l and
the iron filings dosages of 2.5 and 5g/l, the
desorption occurred at the contact times of 10
and 15 minutes, respectively and also at the
arsenic concentration of 2mg/l and the iron
filings dose of 2.5g/], it occurred at the contact
time of 15 minutes. The results showed with
the increase of the contact time desorption
can occur at various times. In the samples
with high arsenic concentration and iron
filings, due to ferric hydroxide sites on the
iron filings and therefore higher adsorption,
the desorption process occurred at longer
contact times 9. In the desorption process,
the arsenite ions that are negatively charged
and are attached to the ferric hydroxide ions
are separated from iron oxides at different
contact times and the removal efficiency
decreases. Asgari et al. 1171 have investigated
the arsenic removal by using iron filings at the
contact times of 5, 10, 15, 30 and 60 minutes.
The results of that showed the maximum
removal efficiency at the 30 minutes contact
time.

The ferric hydroxide ion was formed on the
surface of the iron filings. Sodium arsenite
(NaAsOz) reacts with ferric hydroxide
(Fe(OH);) and forms ferric arsenite
(Fe(AsO2)3) on the surface of the iron filings.
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Also, ferrous hydroxide ion is formed within
the solution and can react with sodium
arsenite and ferrous arsenite (Fe(AsO);) can
be thus formed. Based on the physicochemical
Hall Effect, when a multi-atomic ion placed
within a fluid passes through the external
magnetic field, the bond between the ions is
weakened and they are dissociated and form
cations and anions. When charged particles
are placed in a magnetic field, a force is
applied by the magnetic field to the particle,
which is called “Lorentz force” [18l. After the
blank or control sample (sodium arsenite)
passed through the magnetic field, these two
ions were dissociated based on the Hall Effect
and finally reacted with the ferric hydroxide
formed on the metal spiral. When the ferric
arsenite ion passed through the magnetic
field, the ions were dissociated and were
affected by Lorentz force. Arsenite has one
negative charge and ferric has three positive
charges and since ferric ion has higher charge,
more force is applied to it and it attaches to
the spring inside the column. As a result, the
amount of ferric ion in the outlet column
decreased and the sample became less
colored. Water discoloration meant that the
iron residual was more than the standard
amount (0.3mg/1), which can be solved by
using lower dosage of iron filings. Arsenite
was also affected by Lorentz force and reacted
with the ferric formed on the spring, but as
the dissociation level of ferric arsenite ion was
more than its adsorption, the arsenite level in
the outlet column increased. Ferric arsenite is
insoluble and was not measured by the device.
When the solutions were passed through the
column, arsenite separated from ferric and
changed into a solution which could be
measured. Ma et al. [191 have reported that the
magnetic field can weaken the bond between
the ions. In this test, the fluid velocity was
considered as 2mm/s and the intensity of the
magnetic field was considered as 0.4T. When
the charged particles are placed in a magnetic
field, a force is applied by the magnetic field to
the charged particle, which is called “Lorentz
force”. The maximum force happens when the
field lines are perpendicular to the direction
of the movement of ions.

The iron filings, unlike the other adsorbents,
have a high affinity to the reaction with
arsenic at the normal pH of water.
Ramaswami et al [51 have removed the

Int Arch Health Sci Spring 2016, Vol. 3, Iss. 2
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arsenite by iron filings at the pH of 7 with the
efficiency of 95%. In another study that was
conducted by Su & Puls [16], the arsenite and
arsenate ions were removed at the pH of 7
using iron filings and the removal efficiency of
99%.

The results showed that the magnetic field
reduced the arsenic level of the samples
without iron filings but increased the arsenic
level of the samples with iron filings.

The results of this study demonstrated that
the magnetic field increased the electrical
conductivity. When the ions of a solution are
exposed to the magnetic field, they are
dissociated and the solution forms more ions
and thus electrical conductivity increases. Ma
et al. 9 have shown that electrical
conductivity of the samples before and after
the magnetic field were 0.22 and 0.27pS/m,
respectively.

Conclusion

The most efficient removal condition of
arsenic from natural pH water is with the iron
filings dosage of 5g/1. Magnetic field increases
the arsenic removal efficiency in no iron
filings and decreases the arsenic removal
efficiency with iron filings.

Acknowledgements: This study was
financially supported by Kashan University of
Medical Sciences. The efforts of all the
honorable officials at this center are hereby
appreciated and acknowledged.

Ethical Permission: The Ethics Committee of
Kashan University of Medical Sciences
approved the study.

Conflicts of Interests: There is no conflict of
interest in this manuscript.

Funding/Support: This work presents part of
the findings of the research project No. 9361
in Kashan University of Medical Sciences.

References

1- Mohan D, Pittman CU. Arsenic removal from
water/wastewater using adsorbents—a critical review. ]
Hazard Mater. 2007;142(1-2):1-53.

2- Nagajyoti PC, Lee KD, Sreekanth T. Heavy metals,
occurrence and toxicity for plants: A review. Environ
Chem Lett. 2010;8(3):199-216.

3- Uddin M, Harun-Ar-Rashid A, Hossain S, Hafiz M,
Nahar K, Mubin S. Slow arsenic poisoning of the
contaminated groundwater users. Int ] Environ Sci
Technol. 2006;3(4):447-53.

4- Shankar S, Shanker U. Arsenic contamination of
groundwater: a review of sources, prevalence, health

Int Arch Health Sci Spring 2016, Vol. 3, Iss. 2

risks, and strategies for mitigation. Sci World ]J.
2014;2014:1-18.

5- Lim KT, Shukor MY, Wasoh H. Physical, chemical, and
biological methods for the removal of arsenic
compounds. BioMed Res Int. 2014;2014:1-9.

6- Yean S, Cong L, Yavuz C, Mayo ], Yu W, Kan A et al.
Effect of magnetite particle size on adsorption and
desorption of arsenite and arsenate. ] Mater Res.
2005;20(12):3255-64.

7- Thirunavukkarasu OS, Viraraghavan T, Subramanian
K. Arsenic removal from drinking water using iron
oxide-coated sand. Water Air Soil  Pollut.
2003;142(1):95-111.

8- Sharma AK, Tjell ]JC, Sloth ], Holm PE. Review of
arsenic contamination, exposure through water and food
and low cost mitigation options for rural areas. Appl
Geochem. 2014;41:11-33.

9- Litter MI, Morgada ME, Bundschuh ]. Possible
treatments for arsenic removal in Latin American waters
for human consumption. Environ Pollut.
2010;158(5):1105-18.

10- Mondal P, Bhowmick S, Chatterjee D, Figoli A, Van
der Bruggen B. Remediation of inorganic arsenic in
groundwater for safe water supply: A critical assessment
of technological solutions. Chemosphere.
2013;92(2):157-70.

11- Ungureanu G, Santos S, Boaventura R, Botelho C.
Arsenic and antimony in water and wastewater:
Overview of removal techniques with special reference
to latest advances in adsorption. ] Environ Manag.
2015;151:326-42.

12- Chowdhury SR, Yanful EK. Arsenic and chromium
removal by mixed magnetite-maghemite nanoparticles
and the effect of phosphate on removal. ] Environ Manag.
2010;91(11):2238-47.

13- Zeng L. A method for preparing silica-containing iron
(IIT) oxide adsorbents for arsenic removal. Water Res.
2003;37(18):4351-8.

14- Lien HL, Wilkin RT. High-level arsenite removal from
groundwater by zero-valent iron. Chemosphere.
2005;59(3):377-86.

15- Ramaswami A, Tawachsupa S, Isleyen M. Batch-
mixed iron treatment of high arsenic waters. Water Res.
2001;35(18):4474-9.

16- Su C, Puls RW. Arsenate and arsenite removal by
zerovalent iron: Kinetics, redox transformation, and
implications for in situ groundwater remediation.
Environ Sci Technol. 2001;35(7):1487-92.

17- Asgari A, Naseri S, Mahvi AH, Kheiri A, Qasri A, Vaezi
F. Effectivencess of iron filings in arsenate and arsenite
removal from drinking water. Water Wastewater.
2009;20(3):18-25. [Persian]

18- Weston MC, Gerner MD, Fritsch 1. Magnetic fields for
fluid motion. Anal Chem. 2010;82(9):3411-8.

19- Ma W, Ma W, Ma R, Shen D. Arsenic removal by
sulfidation sedimentation in magnetic field. Trans
Nonferrous Met Soc China. 1998;8(3):529-32.

20- Coey ], Cass S. Magnetic water treatment. ] Magn
Magn Mater. 2000;209(1):71-4.

21- Zhang Y, Yang M, Huang X. Arsenic (V) removal with
a Ce (IV)-doped iron oxide adsorbent. Chemosphere.
2003;51(9):945-52.

22- Tyrovola K, Peroulaki E, Nikolaidis NP. Modeling of
arsenic immobilization by zero valent iron. Eur ] Soil
Biol. 2007;43(5-6):356-67.



	FP-Naderi
	Text-Naderi

