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Abstract
In this paper, photo-Fenton method has been

systematically examined to oxidize the toxic and mobile
As(Ill) in the solution by ‘OH radicals resulted from the
reactions between Fe”" and H,0,under UV light, to form
the less toxic and insoluble As(V). The effects of various
experimental parameters including initial Fe’ and H,0,
concentrations, working pH, and contact time were
studied through a batch experiment. The concentration of
As(V) resulted from the photo-oxidation was determined
by visible spectrophotometry method based on the
formation of arsenate molybdate solution. The results of
the research attributed noticeably that the As(lIl) could be
oxidized through photo-Fenton process to form As(V) that
was assigned by a considerable decline in the concentratio
n. The maximal oxidation of As(lll) with 10 mg L™ of the
concentration in 50 mL of the aqueous solution, that was
about 85%, can be reached in the presence of Fe’* 107
mole L, H,0, 5. 10° mole L™ at the working pH 3 and
within 3 h of the reaction time. It has been also detected
that for reaching the permissible level (lower than 0.01
mg L'l), three stages of the photo-Fenton process were
required.
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1. Introduction

The presence of arsenic in the environment is mainly from
minerals and geogenic sources, but human activities such

as mining, burning of fossil fuels, medicine, use of arsenic-
containing chemicals in agriculture (pesticides, herbicide,
insecticides,), and wood preservation also cause arsenic
distribution in the environment (Almohammadi et al.,
2017; Garcia et al., 2021; lervolino et al., 2019; Kunthia et
al., 2014; Saleh et al., 2021; Shumlas et al., 2016; Yang et
al.,, 2019).

The presence of arsenic in the environment can
contaminate the ground water, and in turn to
contaminate drinking water, rice, fruits or vegetables
(Sharman and Shon, 2019). Consuming drinking water and
food contaminated by arsenic can create health problems
such as nerves damaged, circularly problem in skin,
increasing cancer risks of kidney and liver, pigment change
and skin damaged (Almohammadi et al., 2017; Ding et al.,
2015; Hasanpour and Hatami, 2020; lervolino et al., 2019;
Kunthia et al., 2014; Lescano et al., 2011; Saleh et al.,
2021; Sharman and Shon, 2019; Sorlini et al., 2010; Yang
etal., 2019).

In the solution, arsenic can be found as arsenite or As(lll)
and arsenate or As(V). Compared to As(V), As(lll) is more
toxic and mobile, causing it is more difficult to remove by
coagulation or precipitation (Ding et al., 2015; Garcia et
al., 2021; lervolino et al, 2019; Kunthia et al, 2014;
Lescano et al., 2011; Li et al., 2019; Pozdnyakov et al.,
2017; Qin et al.,, 2016; Saleh et al., 2021; Saleh et al.,
2021; Shumlas et al., 2016). Therefore, oxidation of As(lll)
to As(V) is believed as the most suitable method, that
does not only diminish the concentration, but also convert
the toxic As(lll) into the less toxic As(V), suggesting a
detoxification process of As(lll).

A variety of treatment methods which oxidize As(lll) to
As(V) have received greatly attention, that are
heterogeneous photocatalytic oxidation in the presence
of TiO, (lervolino et al., 2019), modified TiO, (Garcia et al.,
2019; Qin et al, 2016; Saleh et al, 2021),
Bi,WOg/bentonite (Yang et al., 2019), kaolinite clay (Ding
et al., 2015), birnessite (Shumlas et al., 2016), iron and
fulvic acid (Pozdnyakov et al, 2017), as well as
homogenous photo-oxidation with hydrogen peroxide
(Lescano et al., 2011; Sorlini et al., 2010), electro-
catalytical oxidation (Li et al., 2019), and ozonation

Wahyuni E.T., Nurhikmatillah A., Kurniasari H. and Siswanta D. (2021), Detoxification of As(lll) in aqueous media by using

photo-Fenton method, Global NEST Journal, 23(XX), 1-6.


https://doi.org/10.30955/gnj.003265

(Kunthia et al., 2014). The photo-oxidation of As(lll) was
induced by OH radicals that were released during the light
exposure process. The OH radical is known as a powerful
oxidation agent, as indicated by its high oxidation
potential (E°): 2.8, resulting in the effective oxidation
(Garcia et al., 2019; Qin et al., 2016; Saleh et al., 2021).

Compared to the heterogeneous oxidation, the
homogenous photo-Fenton-like (UV + H,0,) processes
posse low mass-transfer resistance and favor to faster
degradation of pollutants (Lescano et al., 2011; Sorlini et
al., 2010). In the photo-Fenton, OH radicals are not only
produced from reaction between Fe(ll) with H,0,, but can
also be resulted from the H,0, irradiation with UV light, as
presented as equations (1) and (2) (Azhdarpoor et al.,
2015; Buitrago et al., 2020; Ebrahiem, et al., 2015;
O’Dowd and Pillai, 2020; Reza et al., 2016; Villages-
Guzman, et al., 2017; Wahyuni et al., 2016; 2019).
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Figure 1. A set of apparatus used for As(ll) photo-oxidation
processes, composed of: (a) melamine box, (b) UV lamps; (c)
magnetic stirrer plate, (d) beaker glass, (e) magnetic stirrer bar
and (f) sample solution.

Fe’"+H,0,—>Fe*"+2°0H+ OH (1)

H,0,+UVjgn—>2 OH (2)

Due to the rich "OH radicals provided, photo-Fenton
method has accepted intensively attention and has been
frequently ‘used to treat a large number of organic
pollutants such as dyes (Reza et al., 2016), cosmetic
residual in industrial wastewater (Ebrahiem et al., 2015),
anionic surfactant in the laundry wastewater (Wahyuni et
al., 2016), and amoxicillin (Buitrago et al., 2020) with
satisfying results. Additionally, some other studies have
also examined photo-Fenton method to destroy bacteria
(Villages-Guzman, et al., 2017; O’'Dowd and Pillai, 2020),
leach several heavy metals from sediments (Azhdarpoor
et al., 2015) and oxidize Pb(ll) in aqueous media to form
the insoluble Pb(IV) (Wahyuni et al, 2019). The major
advantage of photo-Fenton process is that the reagent
components are safe to handle and environmentally
benign. In addition, highly complicated apparatus and
pressurized systems are not required for the oxidation
process, making it a feasible technology for applying
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directly from laboratory scale to large scale (Ebrahiem et
al., 2015).

However, to the best of our knowledge, very few reports
regarding the of photo-Fenton method to oxidize As(lll)
becomes As(V) are traceable ( Sorlin et al., 2010; Lescano
et al., 2011). Under the circumstance, the main aim of the
present study is to explore the possibility of photo-Fenton
method in detoxifying As(lll) through oxidation into As(V).
By oxidation, the concentration of As(llIl) in the media can
be depleted into an acceptable level, at the same time the
toxic As(lll) can also be detoxified due to As(V) formation.
Factors to control the photo-Fenton process including the
concentrations of Fe”* and H,0,, the working pH and the
reaction time are optimized through batch laboratory
experiment to get the best condition for As(Ill) photo-
oxidation.

2. Experimental Section

2.1. Materials

The materials including FeS0O,7H,0 (Panreac), H,0,
(Merck, Perhydrol, 30% w/w), As,0;, NaAsO;, HCI,
Ammonium molybdate, ascorbic acid, and NaOH from
Merck were used without purification because the
chemicals are in the high purity reagent grade. All
solutions were prepared by dissolving requisite quantity in
the deionized water. The FeSO,7H,0 and H,0, solution
were functioned as Fenton agent. The As,0; was used as a
starting material of As(lll), while the NaAsO; was used to
make  standard solution of As(V). The ammonium
molybdate and ascorbic acid were coloring agents in the
As(V) determination by using UV/Visible
spectrophotometer. HCl and NaOH were used for pH
adjustment. A Spec Cord 200 Plus UV/Visible
spectrophotometer was used for analysis of As(V) in the
solution.

2.2. Methods

All photo-Fenton experiments were carried out in a batch
mode laboratory scale unit, using a set of apparatus as
displayed in Figure 1. Into a 250 mL beaker glass filled by
100 mL of the solution containing As(lll) 10 mg/L was
added with HCI solution to adjust at pH 3. Then, Fe™ ions
and H,0, solution were added into beaker glass to
produce hydroxyl radicals. Subsequently, the mixture was
subjected to magnetic stirring and UV radiation (254 nm
wavelength) in the apparatus (Figure 1) for a desired time.
Under the irradiation time, hydroxyl radicals were also
resulted from the photolysis of H,0, and the As(lll) in the
solution should be oxidized.

The solutions after being photo-Fenton processed were
analyzed by using visible spectrophotometer based on
reaction of As(V) with ammonium molybdate (lervolino et
al., 2019 ). For that purpose, 10 mL of the solution was
added with ammonium molybdate solution and ascorbic
acid to form green solution. The absorbance of the green
solution was observed at 560 nm of the wavelength. The
As(V) concentration was calculated by interpolating its
absorbance to the corresponding standard curve, that was
constructed based on the observed absorbances of a
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series of standard solutions. The procedure was
duplicated for processes with different Fe”* and H,0,
concentration, working pH, and reaction time, When one
parameter was varied, the other parameters were kept to
be constant.

3. Results and discussion

3.1. Effect of Fe** concentration

The role of Fe* is very important in the photo-Fenton
process, since the ion acts to initiate and catalyze the
decomposition of H,0,, resulting in the generation of «OH
radical, as presented by reaction in Eq. (1).
Simultaneously, formation of eOH radical due the
decomposition of H,0, by UV light also occurred (Eq. 2) .
Accordingly, the effect of Fe* concentration on the
oxidation of As(lll) was observed and the results were
displayed in Figure 2.

Fe**+H,0,—>Fe’"+'OH+ OH (1)

H,0, + UV—2"0H (2)

It is notable that the increase of Fe’* concentration up to
10 mole L™ can raise the efficiency of As(lll) oxidation to
reach maximum level, but the opposite effect is observed
when the Fe’* concentration was further increased. The
extension of Fe’* concentration could generate more ¢OH
radicals, and so improvement of the oxidation. In contrast,
the excessive Fe’" could act as *OH radical scavenger
(Azhdarpoor et al., 2015; Buitrago et al., 2020; Ebrahiem
et al., 2017; Reza et al., 2016; Wahyuni et al., 2016; 2019),
following reaction (Eq 3), that caused the ¢OH radicals
diminished. Then, Fe*" and 'OH resulted from Eq.(1), were
allowed to mutually react to form un-soluble Fe(OH);
[Eq.8] that can screened the light penetration (Ebrahiem
et al.,, 2017; Reza et al.,2016; Wahyuni et al., 2019). These
cases inhibited the ¢OH radicals formation, that was less
conductive for the oxidation of As(lll).
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Figure 2. Effect of Fe" concentration on the oxidation of As(l11)
(As(lll): 10 mg L™, H202: 5 10 mole L™, pH: 3, time: 30 min).

Fe”*+ OH—Fe’*+ OH (3)

Fe**+3’OH—>Fe(OH); (4)

It is obviously observed that the optimal Fe**

concentration is 102 mole L™ for H,0, 5. 102 mole L™
giving 1/5 of the mole ratio. Many studies also reported
that the amount of Fe’* were always lower than that of
H,0,, with the various mole ratio ranging from 1/25 to 1/4
for corresponding substrates, such as organic pollutant in
industrial wastewater (Ebrahiem et al., 2017), heavy
metals leaching (Azhdarpoor et al., 2015), anionic
surfactant (Wahyuni et al,, 2016), amoxicillin (Buitrago et
al., 2020), bacterial (O’ Dowd and Pillai, 2020), and Pb(ll)
(Wahyuni et al., 2019). In technical applications, the lesser
Fe’* concentration is beneficial since it can prevent
formation of large amounts of iron sludge (Azhdarpoor et
al., 2015; Buitrago et al., 2020; Ebrahiem et al., 2017).

3.2. Effect of H,O, concentration on the oxidation of As(lll)

H,0, is one of a primary factor in the determining the
effectiveness of photo-Fenton process, and the effect of
the H,0, concentration on the oxidation of As(lll) is
presented in Figure 3. Improvement of the oxidation is
observable as the concentration of H,0, increased until
H,0, 5. 10 moleL" that can be attributed to the increase
in the amount of hydroxyl radicals. The higher H,0,
concentration. than the optimum level, shows the
opposite effect. Some studies presented similar finding
trend (Azhdarpoor et al, 2015; Buitrago et al., 2020;
Ebrahiem et al., 2017; O’ Dowd and Pillai, 2020; Reza et
al., 2016; Wahyuni et al., 2016, 2019). The excess of H,0,
contributed to the ¢OH radical scavenging to form radical
of ¢O,H (Eqg.5), and consecutive scavenging ¢OH by ¢O,H
resulting in water and oxygen gas (Eq. 6). These reactions
caused the OH radicals depletion, that deceased the As(lll)
oxidation.

*OH+H,0,—>H,0++02H (5)
*0,H+*OH—H,0+0, (6)
Therefore, H,0, should be added at an optimal

concentration to achieve the best oxidation of As(lll), that
were also carried out by many Authors (Azhdarpoor et al.,
2015; Buitrago et al., 2020; Ebrahiem et al., 2017, O’
Dowd and Pillai, 2020; Reza et al.,2016; Wahyuni et al.,
2016, 2019).

As(II1) ondzed (%46
I

H,0, Concentration (x 102 mole L1)

Figure 3. Effect of H,0, concentration on oxidation of As(lll)
(As(Ill): 10 mg L™, Fe* : 102 mole L™, pH: 3, time: 3h).



3.3. Effect of the reaction time

One of the determining factor toward the efficiency of the
photo-Fenton process is irradiation time. Figure 4
illustrates the effect of the reaction time on the oxidation
of As(lll). It is attributed that the oxidation remarkably
increases with the extension time up to 3 h, but for longer
reaction time than 3 h the oxidation slightly declined.
Some studies obtained similar trend (Azhdarpoor et al.,
2015; Buitrago et al., 2020; O’'Dowda and Pillai, 2020;
Wahyuni et al., 2016, 2019). Extension of the reaction
time has improved the collision between Fe’ ions with
H,0,, between H,0,and light, and between ¢OH radicals
with As(lll) ion. However, longer process allowing Fe* to
react with 'OH ions present, to form un-soluble Fe(OH)s,
that was shown by brown and turbid solution (Azhdarpoor
et al., 2015; Buitrago et al., 2020; O’Dowd and Pillai, 2020;
Wahyuni et al, 2016, 2019). The high turbidity could
retard the light penetration to contact with the H,0,,
having consequence of the lower oxidation. The photo-
treatment time must be as short as possible to avoid a
high electricity consumption, which represents about 60%
of the total operational cost when using electric light
sources (Ebrahiem et al., 2017; Wahyuni et al., 2016;
2019).

As (111D oxidized (%4)

Irradiation time (h)

Figure 4. Effect of the irradiation time on the oxidation of As(lI)
(As(lll): 10 mg L, Fe** : 102 mole LY,
H,05:5 107 mole L, pH: 3).

3.4. Effect of working pH

One of the key factors affecting the efficiency of photo-
Fenton process is pH. It plays an important role in
controlling the activity of the oxidizing agent and the
substrate, formation of iron species, and hydrogen
peroxide stability. pH also affects *OH radicals production
and, therefore, influences the efficiency of oxidation.
Hence, the role of pH in the photo-assisted Fenton
reaction must be determined. Figure 5 indicates that
solution pH significantly influences the oxidation of As(lll).
At lower pH than 3 we have a very low efficiency of As(lIl)
oxidation, then the oxidation appears to raise, but
increasing pH higher than 3 leads to a decrease in the
As(lll) oxidation. For pH values below 3, H,0, in the
solution could react with Fe*" ion to form a stable complex
compound, which neutralized the iron catalyst and
significantly reduced the oxidation efficiency (Azhdarpoor
et al., 2015; Buitrago et al, 2020; Ebrahiem et al., 2017;
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Reza et al., 2016; Villegas-Guzman et al., 2017; Wahyuni
et al., 2016, 2019). Another reason for the inefficient
oxidation at pH lower than 3 was due to the dissociation
and auto-decomposition of H,0, (Ebrahiem et al., 2017;
Azhdarpoor et al., 2015; Wahyuni et al., 2016, 2019). For
pH values above 3 the oxidation steeply decreases since
the Fe** precipitates as hydroxide derivate (Eq 4),
diminishing the Fe® availability and the light penetration
(Azhdarpoor et al., 2015; Buitrago et al., 2020; Ebrahiem
et al., 2017; Reza et al.,2016; Wahyuni et al., 2016, 2019).
Obviously, the optimal solution pH in this work was
obtained at 3.0, that was same result reported in previous
publications (Azhdarpoor et al, 2015; Buitrago et al.,
2020; Ebrahiem et al., 2017; O’Dowd and Pillai, 2020; Reza
et al.,2016; Wahyuni et al., 201, 2019).

100 -
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B0 A
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50 A

As(I1) oxidized (%)
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Solution pH

Figure 5. Effect of working pH on the oxidation of As(lll).
3.5. Oxidation of As(lll) through various conditions

To evaluate the efficiency of photo-Fenton in the As(lll)
oxidation, a series of As(lll) solutions were treated with
several conditions, that were in the presence of UV light,
H,0,, H,0,+ UV light, H,0, + Fe’* (Fenton), and Fe’* +
H,0, + UV light (photo-Fenton). The results displayed in
Figure 6, demonstrates that oxidation of As(lll) in the
aqueous media at pH 3, can proceed with Ilow
effectiveness only under UV light irradiation. This
oxidation of As(lll) was induced by few number of ¢OH
radicals resulted only from water photolysis, as seen in
equations (7) and (8), where at pH 3, As(lll) is formed as
acid of H3;AsO; (Saleh et al, 2021). The oxidation
effectiveness is observed very low because the water
photolysis was less able to release ¢OH radicals (Ebrahiem
et al., 2017; Wahyuni, et al, 2019).

H,0+UV—>eOH+H"+e’ (7)
H3AsO3+2¢OH—>HAsO3+2H,0 (8)
H,0,+H3As03—2H,0+HAsO; (9)

The oxidation of As(lll) at pH 3 induced only by H,0, is
observed slightly higher than the former condition. It is
well known that H,0, is a good oxidizing agent with
standard reduction potential (E) =1.78 V (Ebrahiem et al.,
2017; Wahyuni et al., 2019), that could stimulate
adequate amount of oxidation. The oxidation of As(lll), as
H3AsOs, by H,0, was presented as a reaction of Eq. 9.
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jon of As(I11) (%)

Condition process

Figure 6. Comparison several conditions on the As(lll) oxidations,
with 1) UV, 2) H,0,, 3) H,0, +UV, 4) Fe** + H,0,, and 5) Fe** +
H,0, + UV light (As(lll): 10 mg L™, Fe*": 102 mole L, H,0,: 5 107
mole L'l, pH: 3, time: 3 h).

Next data appears that the combination of H,0, and UV
light in the aqueous media can result in the higher
oxidation of As(lll). This was because such condition could
produce more number of «OH radicals (Eq.2), that further

raised the oxidation results.

From Figure 6, it is also possible to say that the Fe?*
catalyzing decomposition of H,0, through Fenton process
is more efficient than the UV catalyzing decomposition of
H,0,, to form eOH radicals. Among the experimental
conditions, it is clearly seen that photo-Fenton process
resulted in the highest oxidation, that was promoted by
much more ¢OH radicals, resulted from the reaction
between Fe** with H,0, (Eq.1) and the photolysis of H,0,
by UV light (Eq.2). This signifies that UV lamp has a
sensible increase on As(lll) oxidation comparatively to the
Fenton process. A study found also the same results
(Ebrahiem et al., 2017), except for H,0, that was not able
to degrade the dyes (Figure 7).

-
P

o

As(ID et in the solution (mg 1Y)

Process stage

Figure 7. Influence of the process stages on the As(lll)
concentration left in the solution, where : 1) initial
concentration, and 2) 1%, 3) 2" and 4) 3" stage.

3.6. Influence of the process stages

From the optimal condition of As(lll) oxidation, the
concentration As(lll) that was un-oxidized or left in the
solution is found to be 1.46 mg L™. This concentration is
still higher than the acceptable level, that is 0.01 mg L*
(Shumlas, et al., 2016). In order to fulfill the permissible
level, the solution from first photo-Fenton step, was
processed under optimal condition that was by using Fe?"
and H,0, as much as 10? mole L' and 5 10” mole L™ at pH
3for3h.

The second stage process resulted in the concentration of
As(Il) left in the solution as low as 0.15 mg L™ that has not
reached the acceptable level. Accordingly, the third stage
was further also proceeded under the optimum condition,
and the As(Ill) was almost totally oxidized, that has well
met the permissible level.

4. Conclusions

The data obtained in this research show a strong proof
that oxidation of As(lll) into As(V) can be successfully
performed by photo-Fenton process. The effectiveness of
the As(Ill) oxidation was considerably controlled by the
concentrations of Fe*" and H,0,, the working pH and the
irradiation time.

The best condition of As(lll) oxidation that was around
85% from 10 mg L™, could be obtained by treating with 10
*mole L™ of Fe**, H,0,as much as5. 102mole L, working
pH at 3 and irradiation time within 3 h. Additionally, to
reach the permissible level, it needed 3 stages of the
oxidation process.

Acknowledgments

Authors greatly thank to Ministry of Research and
Technology and Higher Education of Republic Indonesia
and Universitas Gadjah Mada for supporting the financial
for .conducting this research through Project Grant of
PDUPT 2019, with the contract no : 2620/UN1/DITLIT/DIT-
LIT/LT/2019.

References

Alimohammadi M., Saeedi Z., Akbarpour B., Rasoulzadeh H.,
Yetilmezsoy K., Al-Ghouti M.A., Khraisheh M. and McKay G.
(2017), Adsorptive removal of arsenic and mercury from
aqueous solutions by eucalyptus leaves. Water, Air, and Soil
Pollutions, 228, 429. https://doi.org/10.1007/s11270-017-
3607-y.

Azhdarpoor A., Hoseini R. and Dehghani M. (2015), Leaching Zn,
Cd, Pb, and Cu from wastewater sludge using Fenton
process, Journal of Health Science Surveillance System, 3(4),
153-159.

Buitrago J.L., Sanabria J., Gutierrez-Zapata H.M., Urbano-Ceron
F.J., Garcia-Barco A., Osorio-Vargas P. and Rengifo-Herrera
J.A. (2020), Photo-Fenton process at natural conditions of
pH, iron, ions, and humic acids for degradation of diuron and
amoxicillin. Environmental Science and Pollution Research,
27, 1608-1624. https://doi.org/10.1007/s11356-019-06700-
y.

Ding W., Wang Y., Yu Y., Zhang X., Li J. and Wu F. (2015),
Photooxidation of arsenic(lll) toarsenic(V) on the surface of
kaolinite clay. Journal of Environmental Sciences, October,
29-37. https://doi.org/10.1016/].jes.2015.03.017.

Ebrahiem E.E., Al-Maghrabi M.N. and Mobarki A.R. (2017),
Removal of organic pollutants from industrial wastewater by
applying photo-Fenton oxidation technology. Arabian
Journal of Chemistry, 10, S1674-S1679.

Garcia A., Rosales M., Thomas M., and Golemme G. (2021),
Arsenic photocatalytic oxidation over TiO,-loaded SBA-15.
Journal of Environmental Chemical Engineering, 9, 106443,
https://doi.org/10.1016/j.jece.2021.106443.

Hasanpour M. and Hatami M. (2020), Application of three
dimensional porous aerogels as adsorbent for removal of
heavy metal ions from water/wastewater: A review study.
Advances in Colloid and Interface Science, 284, 102247. DOI:
10.1016/j.cis.2020.102247.


https://doi.org/10.1007/s11270-017-3607-y
https://doi.org/10.1007/s11270-017-3607-y
https://doi.org/10.1007/s11356-019-06700-
https://doi.org/10.1007/s11356-019-06700-
https://www.sciencedirect.com/science/journal/10010742
https://doi.org/10.1016/j.jes.2015.03.017
https://doi.org/10.1016/j.jece.2021.106443
https://doi.org/10.1016/j.cis.2020.102247

lervolino G., Vaiano V., Matarangolo M. and Rizzo L. (2019),
Photocatalytic oxidation of arsenite to arsenate using a
continuous packed bed photoreactor. Chemical Engineering
Transactions, 73, 253—-258.

Kunthia S., Majumder S.K. and Ghosh P. (2014), Oxidation of
As(lll) to As(V) using ozone microbubbles, Chemosphere, 97,
120-124.
https://doi.org/10.1016/j.chemosphere.2013.10.046.

Lescano, M.R., Zalazar C.S., Cassano A.E. and Brandi, R.J. (2011),
Arsenic (iii) oxidation of water applying a combination of
hydrogen peroxide and UVC radiation. Photochemistry and
Photobiology Science, 10, 1797-1803. https://doi.org/
10.1039/C1PP05122A.

Li X., LiuF., Zhang W., LuH. and ZhangJ. (2019), Electro-
catalytical oxidation of arsenite by reduced graphene oxide
via in-situ electrocatalytic generation of H,0,, Environmental
Pollution, 112958 V.

O’Dowd K. and Pillai S.C. (2020), Photo-Fenton disinfection at
near neutral pH: Process, parameter optimization and recent
advances. Journal of Environmental Chemical Engineering, 8,
104063. https://doi.org/10.1016/j.jece.2020.104063.

Pozdnyakov I.P., Romanova T.E., Cai X., Salomatova V.A,
Plyusnin V.F., Na P. and Shuvaeva, O.V. (2017), Near-UV
photooxidation of As(lll) by iron species in the presence of
fulvic acid. Chemosphere, 181, 337-342.

Qin Y., Li Y., Wu Z.T. and Cui Y. (2016), Efficiently visible-light
driven photoelectrocatalytic oxidation of As(lll) at low
positive biasing using Pt/TiO, nanotube electrode. Nanoscale
Research Letters, 11, 32. DOI: 10.1186/s11671-016-1248-5.

Reza K.M., Kurny A. and Gulshan F. (2016), Photocatalytic
degradation of methylene blue by magnetite + H,0, +UV
Process. International Journal of Environmental Science and
Development, 7(5), 325-329.

WAHYUNI et al.

Saleh S., Mohammadnejad S., Khorgooei H. and Otadi M. (2021),
Photooxidation/ adsorption of arsenic (lll) in aqueous
solution over bentonite/ chitosan/TiO, heterostructured
catalyst. Chemosphere, 130583.

Sharma V.K. and Shon M. (2019), Aquatic arsenic: Toxicity,
speciation, transformations, and remediation. Environment
International, 35, 743-759.

Shumlas S.L., Singireddy S., henuwara A.C., Attanayake N.H.,
Reeder R.J. and Strongin D.R. (2016), Oxidation of arsenite to
arsenate on birnessite in the presence of light. Geochemical
Transaction, 17(5), 10. DOI 10.1186/s12932-016-0037-5.

Sorlini S., Gialdini F. and Stefan M. (2010), Arsenic oxidation by
UV radiation combined with hydrogen peroxide. Water
Science & Technology, 61(2), 339-344.

Villegas-Guzman P., Giannakis S., Torres-Palma R.A. and Pulgarin
C. (2017), Remarkable enhancement of bacterial inactivation
in wastewater through promotion of solar photo-Fenton at
near-neutral pH by natural organic acids. Applied Catalysis B:
Environmental, 205, 219-227. https://doi.org/10.1016/
j.apcatbh.2016.12.021.

Wahyuni E.T., Roto R., Sabrina M., Anggraini V., Leswana N.F.
and Vionita A.C. (2016), Photodegradation of detergent
anionic surfactant in wastewater using UV/TiO,/H,0, and
UV/Fe®'/H,0, processes. American Journal of Applied
Chemistry, 4(5), 174-180.

Wahyuni E.T., Siswanta D., Kunarti E.S., Supraba D. and
Budiraharjo S. (2019), Removal of Pb(ll) ions in the aqueous
solution by photo-Fenton method. Global NEST Journal,
21(2), 180-186.

Yang Q., Dai Y., Huang Z., Zhang J., Zenga M. and Shi C. (2019),
Synthesis of  Bi,WOg/Na-bentonite  composites for
photocatalytic oxidation of arsenic(lll) under simulated
sunlight. RSC Advances, 9, 29689.


https://doi.org/10.1039/C1PP05122A
https://doi.org/10.1039/C1PP05122A
https://www.sciencedirect.com/science/article/pii/S0269749119311285#!
https://www.sciencedirect.com/science/article/pii/S0269749119311285#!
https://www.sciencedirect.com/science/article/pii/S0269749119311285#!
https://www.sciencedirect.com/science/article/pii/S0269749119311285#!
https://www.sciencedirect.com/science/article/pii/S0269749119311285#!
https://www.sciencedirect.com/science/journal/02697491
https://www.sciencedirect.com/science/journal/02697491
https://www.sciencedirect.com/science/article/abs/pii/S0045653521010547#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521010547#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521010547#!
https://www.sciencedirect.com/science/article/abs/pii/S0045653521010547#!
https://www.sciencedirect.com/science/journal/00456535
https://doi.org/10.1016/j.apcatb.2016.12.021
https://doi.org/10.1016/j.apcatb.2016.12.021



