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ABSTRACT

Surfactants are amphiphilic molecules with a hydrophilic head and hydrophobic tail
which increase solubility of hydrophobic compounds. These materials can be harmful for
human health and the environment. The aim of this study is to investigate efficiency of
photo-Fenton process in removal of sodium dodecyl sulphate from aqueous solutions. An
experimental study conducted in 2015 at Environmental Health Engineering Research
Center, Kerman University of Medical Sciences, Kerman, Iran. Parameters which influence
on removal; including: pH, concentration of H,O, and Fe**, UV radiation, the initial con-
centration of sodium dodecyl sulphate and contact time were investigated. Experiments
were also conducted under obtained optimal conditions on wastewater of soft drink in
Kerman city. Sampling and experiments were done according to the Standard Methods
for Examination of Water and Wastewater 20th edition. Optimum conditions were pH 3,
H,0, = 0.5 mmol, Fe* =40 mg/L, UV-C =45 watt, the initial concentration of sodium
dodecyl sulphate = 25 mg/L and contact time = 30 min. Maximum removal were achieved
as 94.36 and 71% for synthetic solutions and soft drink wastewater, respectively.
Photo-Fenton process is an effective and high-efficiency method in removal of anionic sur-
factants from aqueous solutions. This method can remove sodium dodecyl sulphate from
real sample of water with efficiency of 71% in 30 min.

Keywords: Photo-Fenton; Sodium dodecyl sulphate; Advanced oxidation; Anionic surfactant;
Synthetic surfactant; Detergent; Water

1. Introduction They are widely used in several industries such as
food, textile, paints, pesticides, pharmaceutical, oil
recovery, and paper [1,3,4]. One of their application in
food industry is formation of inclusion complex with
natural dextrin which induce changes in aggregation
[5,6]. Surfactants, especially SDS have been studied for
*Corresponding author. micellar systems. These systems due to their capability

Surfactants are amphiphilic molecules consisting of
a hydrophilic head and hydrophobic tail which
increase solubility of hydrophobic compounds [1,2].
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to solubilize water insoluble food flavoured agents
such as benzyl acetate, 2-phenyl ethanol and geraniol
have attracted remarkable industrial and food applica-
tion [7,8]. Four groups of surfactants including catio-
nic, anionic, amphoteric and non-ionic based on the
ionic charge are distinguished. Anionic surfactants
have negative charge which approximately constitute
90% of all ionic surfactants [1,3]. Sodium dodecyl sul-
phate is one of the anionic surfactants [1]. This surfac-
tant is a representative of synthetic surfactants with a
simple hydrocarbon chain that is widely used in
chemical detergents [1]. Surfactants cause harmful
effects on human, short and long term changes in
ecosystem, foam formation in rivers and wastewater
treatment plant effluent, abnormality in algal growth
and formation of difficult-to-separate emulsion [1].
Different methods have been proposed for treatment,
such as coagulation, microwave, oxidation with ozone
and electrochemical processes [4,9-12]. Chemical oxi-
dation processes have varieties and high efficiencies
rather than mentioned methods [13]. In advanced oxi-
dation process (AOP), highly reactive species are gen-
erated which are capable to oxidize organic
compounds and degrade them to harmless materials
and final products including water and CO, [14-16].
Fenton process is one of AOPs [16] that hydroxyl radi-
cals are generated which are capable to oxidize most
organic compounds [13,16-18].

In Fenton process as shown in Eq. (1), hydrogen
peroxide decomposed into hydroxyl radicals by oxida-
tion of ferrous into ferric ions [15,16].

Fe*t + H,0, — Fe*t + OH™ + *OH 1)

Fenton process depends on some parameters such as
sample properties, pH, iron and hydrogen peroxide
concentrations and reaction time [15,16]. In photo-Fen-
ton process Fenton reagent and UV radiation are
applied. This process increases generation of hydroxyl
radicals [3]. This increase attributed to photo reduc-
tion of Fe’ into Fe** which increases generation of
hydroxyl radicals and also photolysis of hydrogen
peroxide which are shown in Egs. (2) and (3) [3]:

Fe(OH)*" 4+ hv — Fe*™ +OH 2)
H,O, + hv — 2:OH 3)

Another advantage of photo-Fenton rather than Fen-
ton is reduction in the amount of produced sludge
during the process [3,16]. Photo-Fenton process has
many applications in removing of pollutants from
aqueous solutions. Zarjam et al. investigated the
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removal of sodium dodecyl benzene sulphate from
aqueous solutions by Fenton and photo-Fenton
processes. Panizza et al. reported the removal of
surfactant sodium dodecyl benzene sulphonate from
aqueous solutions by electro Fenton. Amat et al
reported the removal of commercial surfactants by
photo-Fenton process. Panizza et al. determined the
synthetic dyes removal by electro Fenton.

With considering the importance of photo-Fenton
process, the aim of this paper is efficiency investiga-
tion of photo-Fenton process in removal of sodium
dodecyl sulphate from aqueous solutions.

2. Experiments
2.1. Materials and reagents

Structure of sodium dodecyl sulphate (SDS) is
shown in Fig. 1 and was of analytical grade and pur-
chased from Merck. All other chemicals, including sul-
phuric acid, sodium hydroxide, ferrous sulphate
heptahydrate (FeSO4-7H,0), hydrogen peroxide (30%
w/w) were also of analytical grade and purchased
from Merck.

2.2. Analytical methods

The pH of solutions were measured by pH metre
(model: HANNA). The amount of SDS in each sample
were measured by spectrophotometer model Shimadzu
(Japan) according to the methylene blue active substance
(MBAS) analysis in standard methods for the examina-
tion of water and wastewater [19]. Magnetic stirrer
(model: Fan Azmagostar) was used for stirring. Scale
model Shimadzu-Libror was used to weigh chemicals.

2.3. Experimental procedure

An experimental study in 2015 at Environmental
Health Engineering Research Centre of Kerman
University of Medical Sciences was conducted. In
order to evaluate of photo-Fenton process efficiency
each parameter, including pH 3, 7, 10, contact time:
10, 20, 30, and 40 min, concentration of ferrus ion: 20,
40, 60, 80, 100, and 120 mg/L, concentration of hydro-
gen peroxide: 0.1, 0.3, and 0.5 mmol, the initial con-
centration of SDS: 25, 50, 75, and 100 mg/L, UV-C
power: 15, 30, 45, and 60 watt was investigated.
Experiments were carried out by changing each

/\/\N\/\/\SO-

3

Fig. 1. Chemical structure of SDS [14].



24446

parameters in different mentioned amounts while
other parameters were fixed and in optimum amounts.
All experiments were conducted in room temperature
(25 £ 2). Experiments conducted three times in order
to increase accuracy and reliability and then results
expressed in average values.

2.4. Photo-Fenton degradation of surfactant

An experimental set-up that is shown in Fig. 2 was
used in order to conduct photo-Fenton process.
Designing was according to study of Ono et al. [20].

Photoreactor was put under hood for safety and
filled with 11 of sample. The initial pH adjusted by
NaOH and H,S0,. Predetermined amount of iron salt
was added to the sample and mixed well, then a
given volume of hydrogen peroxide was added. The
beginning time of reaction was the time at which UV
lamps were turned on. At selected times, aliquots of
samples by syringe were withdrawn and their adsorp-
tions measured by UV spectrophotometer according to
MTBA method (6540.C) in Standard Methods for
Examination of Water and Wastewater.

3. Results and discussions
3.1. Effects of H,0O,

The mean removal efficiency of SDS in the range
of 0.1-0.7 mmol of hydrogen peroxide against reaction
time is shown in Fig. 3.

Fig. 3 shows that with increasing of hydrogen perox-
ide from 0.1 to 0.5 mmol, the removal efficiency
increases from 59.1 to 95%. In concentrations more than
0.5 mmol, the removal efficiency decrease. This figure
also shows by increasing in contact time the removal
efficiency increases. Increasing in removal efficiency up
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Fig. 2. Set-up for experiments.
Notes: (1) Photoreactor, (2) Magnetic stirrer, (3) Stirring
bar, (4) Sampling syringe, (5) UV lamps, (6) Saftey hood.
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Fig. 3. The mean removal of SDS regarding to the concen-
tration of hydrogen peroxide in pH 3, reaction time:
1040 min, Fe**: 40 mg/L, UV power: 45 watt, the initial
concentration of SDS: 25 mg/L.

to a certain amount of hydrogen peroxide can be attrib-
uted to increase in generation of hydroxyl radicals
[3,20-22]. Reduction in removal efficiency after that
amount attributed to the scavenging effect of H,O, and
also its reaction with hydroxyl radicals and production
of hydroproxyl radicals which are less effective and
does not have any roles in degradation of organic com-
pounds [3,22]. Sohrabi et al. reported that in their study
with increase hydrogen peroxide from 0.1 to 0.2 mmol,
the removal efficiency of Carmoisine dye increased but
after increasing from 0.2 to 0.3 mmol, the removal effi-
ciency decreased [21]. Bahmani et al. in their study
showed that by increasing hydrogen peroxide from 0.73
to 2.9 mmol, removal efficiency of reactive blue fifth
dye increased and in concentrations more than
29 mmol the removal efficiency decreased [22].
Khandelwal et al. found that by increasing in hydrogen
peroxide around 1 ml the removal efficiency increased
and in more concentrations the removal efficiency
decreased [23]. The results of this paper are similar to
the previous studies.

3.2. Effects of Fe**

The mean removal efficiency of SDS in the range
of 20 to 120 mg/L of Fe®* against reaction time is
shown in Fig. 4.

Fig. 4 shows that by increasing in Fe®* concentra-
tion from 20 to 40 mg/L, the removal efficiency
increases from 54.2 to 96%, but more increases in
Fe®*concentration from 40 to 120 mg/L, the removal
efficiency decreases. This figure also shows by Increas-
ing in reaction time removal efficiency increases.
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Fig. 4. The mean removal of SDS in reaction time
1040 min regarding to the concentration of Fe** in pH 3,
H,0, = 0.5 mmol, UV power: 45 watt, the initial concentra-
tion of SDS: 25 mg/L.

Fe’* is another important parameters in photo-Fenton
process [16]. Fe** plays the role of starter and cataly-
ser in this process [16,22].

Increasing in removal efficiency in first stage can
be attributed to the improving of photo-Fenton pro-
cess and generation of hydroxyl radicals [24]. Decreas-
ing in the removal efficiency in second stage when
upraised the Fe?* from 40 to 120 mg/L, is due to the
scavenging effect which causes hydroxyl radicals con-
vert into hydroxide ions according to Eq. (4):

‘OH + Fe*™ — Fe’* + OH™ @)

Zarjam et al. in their study found that by increasing
the concentration of Fe** up to 80 mg/L, 43.2% in
removal efficiency achieved [3]. Hameed BH et al.
found by increasing in Fe** up to 0.1 mmol, the
removal efficiency of Malchite green increased [25].
Daud et al. reported by increasing in Fe** concentra-
tion from 0.010 mmol to 0.1 mmol mg/L the removal
efficiency of SBDN increased, but more increases in
Fe>* concentrations, the removal efficiency did not
show significant enhancement [26].

3.3. Effects of pH

The mean removal efficiency of SDS in pH 3-10
against reaction time is shown in Fig. 5.

Fig. 5 shows that by increasing in pH from 3 to 10
the removal efficiency decreases from 95.3 to 66.3%,
also increasing in reaction time causes more removal
efficiency.

Fenton process deeply depends on pH. It can be
attributed to the presentation of iron and hydrogen
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Fig. 5. The mean removal of SDS in reaction time 10-
40min  regarding to pH in  Fe** =40 mg/L,
H,0; = 0.5 mmol, UV power: 45 watt, the initial concentra-
tion of SDS: 25 mg/L.

peroxide species. According to the previous studies,
optimum pH for Fenton process regardless to the tar-
geted substance is around 3 [16]. In pH more than 3,
due to existence of comparatively inactive iron oxohy-
droxides and precipitation of iron ions as iron hydrox-
ide the removal efficiency decreases [16,21]. In
addition, hydrogen peroxide is unstable in this condi-
tion and fewer hydroxyl radicals are generated which
causes lower efficiency [16,21,24]. Sohrabi et al. in
their study by increasing pH more than 3.5 reported
the removal efficiency of Carmoisine dye decreased
[21]. El Hadad et al. in their study by increasing pH
from 3 to 7 showed that the removal efficiency
decreased around 40% [24].

3.4. Effects of UV-C radiation

The mean removal of SDS in different UV radia-
tion against reaction is shown in Fig. 6.

Fig. 6 shows by increasing UV radiation from 15 to
60 watt the removal efficiency increases from 64.5 to
96% and also by increasing in reaction time the
removal efficiency increases. Increasing in UV radia-
tion more than 45 watt has a negligible effect.

The high efficiency in SDS removal by increasing
radiation attributed to the increase in reduction of fer-
ric ions [20]. Zarjam et al. in their study by increasing
UV radiation achieved the same results [3].

3.5. Effect of the initial concentration of SDS

The mean removal of SDS in different initial
concentrations from 25 to 100 mg/L of SDS against
reaction time is shown in Fig. 7.
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Fig. 6. the mean removal of SDS in reaction time 10-
40 min regarding to UV radiation in Fe®" =40 mg/L,
H,0, = 0.5 mmol, pH 3, the initial concentration of SDS:
25 mg/L.

Fig. 7 shows by increasing in the initial concentra-
tion of SDS, the removal efficiency decreases from 94.8
to 38%. This figure also shows by increasing in reac-
tion time the removal efficiency increases. The initial
concentration is another important parameters in
photo-Fenton process [21]. By increasing the initial
concentration of SDS, the removal efficiency decreased
[20]. This reduction attributed to the fixed amount of
iron and hydrogen peroxide concentrations and being
not enough in order to removing SDS [20]. In addi-
tion, by increasing in SDS concentration, a large
amount of the radiation absorbed by SDS instead of
hydrogen peroxide [21]. Sohrabi et al. in their study
reported by increasing Carmoisine dye concentration
from 20 to 30 mg/L, the removal efficiency decreased
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Fig. 7. The mean removal of SDS in reaction time 10-
40 min regarding to the initial concentration of SDS in
Fe?* = 40 mg/L, UV: 45 watt, H,O, = 0.5 mmol, pH 3, the
initial concentration of SDS: 25 mg/L.
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Table 1

Chemical and physical characteristics of soft drink
wastewater

Parameters Amount
BOD 540 mg/L
COD 1,400 mg/L
TSS 255 mg/L
pH 6

[21]. Mansourian et al. reported decrease in removal
efficiency by increasing dye concentration from 10 to
500 mg/L [27].

After consideration the reaction time in all exam-
ined parameters, we observed that by increasing in
reaction time the removal efficiency increased, but in
all cases there were small differences between values
at reaction times of 30 and 40 min, so the reaction time
of 30 min was determined as optimum reaction time.
After determination of optimum conditions on syn-
thetic sample, experiments also were conducted in
obtained optimum conditions on real wastewater of
soft drink in Kerman city, south east part of Iran.
Physical and chemical characteristic of the real
wastewater were measured which are shown in
Table 1. Removal efficiency in optimum conditions;
including pH 3, contact time: 30 min, UV radiation: 45
watt, Fe’*: 40 mg/L, HyOy,: 0.5 mmol, the initial con-
centration of SDS: 25 mg/L were 94.36 and 71% for
synthetic and real wastewater, respectively.

4. Conclusion

The removal of sodium dodecyl sulphate (SDS)
from aqueous solutions using photo-Fenton process
was studied. It was found that the solution pH, the
concentrations of Fe** and H,0,, the initial surfactant
concentration, the UV radiation and time are the main
factors which have strong influences on removal of
SDS by photo-Fenton process. The optimal operation
parameters for photo-Fenton process of SDS were
Fe”* = 40 mg, H,O, = 0.5 mmol, UV-C radiation = 45
watt, pH 3 for 25 mg/L SDS after 30 min. Under this
condition 71% removal of SDS in 30 min from real
wastewater was achieved. Thus, photo-Fenton process
is a suitable and effective way for removal of SDS
from aqueous solutions.

Acknowledgement

This paper resulted from Master of Science thesis
in environmental health engineering that is conducted



M. Malakootian et al. | Desalination and Water Treatment 57 (2016) 2444424449

in environmental health engineering research centre of
Kerman University of Medical sciences. The authors
wish to thank the financial support of deputy research
centre in Kerman University of Medical Sciences.

References

[1] ER. Bandala, M.A. Peldez, M.J. Salgado, L. Torres,
Degradation of sodium dodecyl sulphate in water
using solar driven Fenton-like advanced oxidation
processes, J. Hazard. Mater. 151 (2008) 578-584.

[2] T.F. Tadros, An Introduction to Surfactants, Deutsche
Nationalbibliothek, Germany, 2014.

[3] R. Zarjam, G. Mostafaei, H. Akbari, M. Atharizadeh,
M.B. Miranzadeh, Asssessment of Fenton and photo-
Fenton process for removal of sodium dodecyl ben-
zenesulfunate(SDBS) from the aqueous solutions, ]J.
Appl. Technol. Sanit. 3 (2013) 101-110.

[4] M. Panizza, A. Barbucci, M. Delucchi, M.P. Carpanese,
A. Giuliano, M. Cataldo-Hernandez, G. Cerisola, Elec-
tro-Fenton degradation of anionic surfactants, Sep.
Purif. Technol. 118 (2013) 394-398.

[5] G. Astray, C. Gonzalez-Barreiro, ]J.C. Mejuto, R.
Rial-Otero, J.A. Simal-Gandara, A review on the use of
cyclodextrins in foods, Food Hydrocolloids 23 (2009)
1631-1640.

[6] G. Astray, J.C. Mejuto, J. Morales, R. Rial-Otero, J.
Simal-Gandara, Factors controlling flavors binding
constants to cyclodextrins and their applications in
foods, Food Res. Int. 43 (2010) 1212-1218.

[7] A. Cid, J.C. Mejuto, P.G. Orellana, O. Lépez-Fernan-
dez, R. Rial-Otero, J. Simal-Gandara, Effects of ascorbic
acid on the microstructure and properties of SDS
micellar aggregates for potential food applications,
Food Res. Int. 50 (2013) 143-148.

[8] A. Cid, J. Morales, J.C. Mejuto, N. Briz-Cid, R.
Rial-Otero, J. Simal-Gandara, Thermodynamics of
sodium dodecyl sulphate-salicylic acid based micellar
systems and their potential use in fruits postharvest,
Food Chem. 151 (2014) 358-363.

[9] J.B. N-Heredia, J.S. Nchez-Mart1i’N, C.S.-H. Ndez,
Anionic surfactants removal by natural coagulant/
flocculant products, Ind. Eng. Chem. Res. 48 (2009)
5085-5092. B

[10] E. Onder, A.S. Koparal, U.B. Ogiitveren, An alterna-
tive method for the removal of surfactants from water:
Electrochemical coagulation, Sep. Purific. Technol. 53
(2007) 527-532.

[11] Z. Zhang, Y. Deng, M. Shen, W. Han, Z. Chen, D. Xu,
X. Ji, Investigation on rapid degradation of sodium
dodecyl benzene sulfonate (SDBS) under microwave
irradiation in the presence of modified activated car-
bon powder with ferreous sulfate, Desalination 249
(2009) 1022-1029.

[12] J. Rivera-Utrilla, M.I. Bautista-Toledo, M. Sanchez-
Polo, J.D. Méndez-Diaz, Removal of surfactant dode-
cylbenzenesulfonate by consecutive use of ozonation
and biodegradation, Eng. Life Sci. 12 (2012) 113-116.

[13] C.L.P.S. Zanta, L.C. Friedrich, A. Machulek Jr., KM.
Higa, F.H. Quina, Surfactant degradation by a

24449

catechol-driven Fenton reaction, ]J. Hazard. Mater. 178
(2010) 258-263.

[14] AM. Amat, A. Arques, M.A. Miranda, S. Segu, Photo-
Fenton reaction for the abatement of commercial sur-
factants in a solar pilot plant, Solar Energy 77 (2004)
559-566.

[15] A. Babuponnusami, K. Muthukumar, Advanced oxi-
dation of phenol: A comparison between Fenton,
electro-Fenton, sono-electro-Fenton and photo-electro-
Fenton processes, Chem. Eng. J. 183 (2012) 1-9.

[16] A. Babuponnusami, K. Muthukumar, A review on
Fenton and improvements to the Fenton process for
wastewater treatment, J. Environ. Chem. Eng. 2 (2014)
557-572.

[17] X.J. Wang, Y. Song, ].S. Mai, Combined Fenton oxida-
tion and aerobic biological processes for treating a
surfactant wastewater containing abundant sulfate, J.
Hazard. Mater. 160 (2008) 344-348.

[18] E. Rosales, M. Pazos, M.A. Sanroman, Advances in
the electro-fenton process for remediation of recalci-
trant organic compounds, Chem. Eng. ]J. 35 (2011)
609-617.

[19] A.D. Eaton, L.S. Clesceri, A.E. Greenberg, Standard
methods for the examination of water and wastewater.
American public health association, American Public
Health Association, American Water Works Associa-
tion, & Water Environment Federation, Washington,
DC, 1998.

[20] E. Ono, M. Tokumura, Y. Kawase, Photo-Fenton
degradation of non-ionic surfactant and its mixture
with cationic or anionic surfactant, J. Environ. Sci.
Health. Part A Environ. Sci. Health Part A 47 (2012)
1087-1095.

[21] M.R. Sohrabi, A. Khavaran, S. Shariati, S. Shariati,
Removal of carmoisine edible dye by Fenton and
photo Fenton processes using Taguchi orthogonal
array design, Ara. J. Chem. (in press). Available from:
<http:/ /www.sciencedirect.com/science/article/pii/
51878535214000549>.

[22] P. Bahmani, RR. Kalantary, A. Esrafili, M. Gholami,
A]. Jafari, Evaluation of Fenton oxidation process cou-
pled with biological treatment for the removal of reac-
tive black 5 from aqueous solution, J. Environ. Heal.
Sci. 11 (2013) 1-9.

[23] D. Khandelwal, R. Ameta, Use of photo-fenton reagent
in the degradation of basic yellow 2 in aqueous med-
ium, Res. J. Res. sci. 2 (2013) 39-43.

[24] M.E. Haddad, A. Regti, M.R. Laamari, R. Mamouni,
N. Saffaj, Use of Fenton reagent as advanced oxidative
process for removing textile dyes from aqueous solu-
tions, J. Mater. Environ. Sci. 5 (2014) 667-674.

[25] B.H. Hameed, T.W. Lee, Degradation of malachite
green in aqueous solution by Fenton process, J.
Hazard. Mater. 164 (2009) 468—472.

[26] N. Daud, U. Akpan, B. Hameed, Decolorization of
Sunzol Black DN conc. in aqueous solution by Fenton
oxidation process: Effect of system parameters and
kinetic study, Desalin. Water Treat. 37 (2012) 1-7.

[27] H.J. Mansoorian, E. Bazrafshan, A. Yari, M. Alizadeh,
Removal of Azo dyes from aqueous solution using
fenton and modified fenton processes, Health Scope 3
(2014) 1-9.


http://www.sciencedirect.com/science/article/pii/S1878535214000549
http://www.sciencedirect.com/science/article/pii/S1878535214000549

	Abstract
	1. Introduction
	2. Experiments
	2.1. Materials and reagents
	2.2. Analytical methods
	2.3. Experimental procedure
	2.4. Photo-Fenton degradation of surfactant

	3. Results and discussions
	3.1. Effects of H2O2
	3.2. Effects of Fe2+
	3.3. Effects of pH
	3.4. Effects of UV-C radiation
	3.5. Effect of the initial concentration of SDS

	4. Conclusion
	Acknowledgement
	References



