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ABSTRACT

Surfactant is one of the most important compounds widely used in the formulation and structure of
detergents all over the world. In this study, we investigated the combined Fenton-like oxidation and
aerobic moving bed biofilm reactor (MBBR) biological processes for treatment of the wastewater of
detergent industries. The average chemical oxygen demand (COD) and linear alkylbenzene sulfonate
(LAS) in the raw wastewater were 24,039 and 210 mg/L, respectively. The maximum removal effi-
ciencies of the pretreatment and Fenton-like oxidation process for COD and LAS were 95% and 90%,
respectively, and the effluent concentrations of COD and LAS were about 1,250 and 100 mg/L, respec-
tively. For MBBR process, in reactor 1 (with lower LAS concentrations) with 36 h hydraulic retention
time (HRT), the maximum removal efficiencies were found to be 94.20% and 99.99% for the influent
COD and LAS, respectively (R*=0.93 and p < 0.05 and R*>=0.92 and p < 0.05). Also, for reactor 2 (with
higher LAS concentrations), in the same condition with 36 h HRT, the maximum removal efficiencies
were 93.41% and 95% for the influent COD and LAS, respectively (R*>=0.92 and p <0.05 and R*=0.84
and p <0.05). This investigation shows that Fenton-like oxidation process, in combination with MBBR
process, can provide the local effluent discharge standard for detergent industries.

Keywords: Detergent; Linear alkylbenzene sulfonate; Fenton-like oxidation; MBBR process; Industrial
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1. Introduction

Surfactant is one of the most important compounds
widely used in the world in the formulation and structure
of detergents [1]. This compound has two poles. One pole is
hydrophilic (alkyl chain), and the other one is hydrophobic
(sodium sulfate; Fig. 1) [2,3]. Surfactants are divided into four
categories, namely anionic, cationic, nonionic and ampho-
teric [3-5]. Anionic and nonionic surfactants are two major
categories of synthetic detergents [1,6]. Detergent industries
are the main source of the discharge of wastewater into the
environment, and a large amount of their pollution load is

* Corresponding author.

related to washing devices [2]. The release of such wastewater
into the aquatic environment can have an adverse impact on
aquatic life [7,8]. Anionic surfactants have a lower biological
biodegradability and also have a very low cellular adsorp-
tion ratio compared with other typical compounds [9,10].
The resistance of some of the compounds to the biological
degradation is due to the existence of three or four carbon
chains in their structures [11]. These three and four carbon
chains prevent bacterial enzyme from having an impact on
the sensitive areas of such compounds [2,12]. Furthermore,
these compounds in concentrations of 20-50 mg/L were lim-
iter for the growth of the microorganism and could have an
intense effect on the cell membrane and their permeability
properties in the adsorption of organic compounds [4,9].
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Fig. 1. Chemical structure of linear alkylbenzene sulfonate (LAS).

The pretreatment methods for the treatment of such
wastewater include coagulation—flocculation, adsorption,
chemical oxidation, electrochemical oxidation, membrane
technology and among other things [2,4,6,13-15]. Therefore,
for the treatment of such wastewater a suitable, inexpensive,
simple and efficient method should be used [9]. Oxidation
technologies may be used either for the complete mineral-
ization or partial oxidation of pollutants to carbon dioxide,
water and/or intermediate compounds [16]. In general, a
chemical oxidation method or complete mineralization of
pollutants might be very expensive since a number of highly
oxidized end-products are formed, which tend to be resistant
to total oxidation [14,16]. To convert initially biorecalcitrant
organics into more readily biodegradable intermediates and
also for the biological oxidation of these intermediates, we
need to use a chemical oxidation pretreatment step instead of
complete oxidation through chemical methods [17-19]. For
instance, organic macromolecules may be too large to perme-
ate cell walls, which can affect the oxidation of these organic
compounds by microorganisms. With chemical oxidation,
these macromolecules might break into smaller intermediate
compounds (e.g., short-chain organic acids) that can perme-
ate the cell and may be more readily biodegradable than the
original molecules [16,17-21].

Fenton oxidation is a proven and effective technology
for the degradation of a large number of hazardous organic
pollutants [22]. The mixture of ferrous iron and hydrogen
peroxide (Fenton’s reagent) at low enough pH results in the
formation of a strong oxidizing agent (hydroxyl radicals) that
destroys organic compounds in a short time [23]. Besides
Fenton process, Fenton-like reactions, in which ferric ions
or other transition metal ion are utilized, have been effec-
tive in organic components degradation in wastewater [24].
Jiang et al. [25] studied the effects of various parameters such
as H,O, concentration, iron dosage and pH, on the phenol
degradation in Fenton and Fenton-like reactions. The results
of their study demonstrated that although the reaction mech-
anisms and effects of parameters were different, the overall
degree of phenol degradation at optimal conditions was the
same in the two reactions.

Fenton degradation of anionic surfactant linear alkylben-
zene sulfonates (LASs) and the optimization of the operating
parameters have been reported previously [26]. The results
showed that the degradation capacity of the Fenton’s reagent
was highly dependent on the concentration of H,0, and Fe*.
The optimum FeSO,/H,O, ratio obtained was higher than
1 and the optimum pH was around 3. Under the optimum
conditions, the LAS surfactant removal was over 95%. The
Fenton-like agent, Fe(0)/H,0,, has been used to degrade
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anionic surfactant, and sodium dodecylbenzene sulfonate
(SDBS). Approximately, 90% of SDBS degradation efficiency
was accomplished at a pH range of 3.0-6.5 [27].

A few studies have reported directly the biological treat-
ment of real surfactant wastewater because of its toxicity, low
degradability and scum problems. For example, Duarte et al.
[1] used a horizontal anaerobic immobilized biomass reactor
for the treatment of LAS, Delforno et al. [3] used expanded
granular sludge bed reactors for the treatment of anionic sur-
factants and Okada et al. [5] used upflow anaerobic sludge
blanket reactor for the removal of LAS [5].

Biological processes are a cost-effective alternative for
the treatment of wastewater [28]. One of the best processes
for organic carbon and nutrient removal in municipal waste-
water plants is the biological processes based on suspended
biomass. But some problems such as sludge settleability, the
need for large reactors, biomass recycling and settling tanks
make operation of the process difficult [29]. The utilization of
biofilm processes can be an acceptable method for the treat-
ment of wastewater without some of the problems of acti-
vated sludge processes [30].

There are several advantages to the utilization of
moving bed biofilm reactors (MBBRs) in comparison with
suspended biomass processes such as higher biomass con-
centration, high organic loading rate (OLR), high endur-
ance to loading impact, lower hydraulic retention time
(HRT), higher sludge age, no sludge bulking problem and
relatively small area requirement [31]. This system is a com-
bination of suspended biomass and biofilm processes and
carrier inside the biological reactor as a media for the bio-
film growth. This process has been proven to be a very sim-
ple and efficient technology in wastewater treatment [25].
The microbial carrier is one of the important elements in
the MBBR process, which has a high specific area, porosity,
permanence and surface roughness. The growth of micro-
organisms on the carriers to form a biofilm can increase the
efficiency of the process [32].

Several studies have been conducted by MBBR pro-
cesses in combination with other wastewater treatment
methods. For example, Shin et al. [33] studied a combined
process consisting of an MBBR reactor and chemical coag-
ulation for textile wastewater treatment. Also, Chen et al.
[34] utilized moving-bed biofilm reactor combined with
Fenton-coagulation pretreatment for the treatment of pes-
ticide wastewater.

On the basis of the abovementioned properties and low
degradability of detergent wastewater, in this study, Fenton
process was specifically chosen as a pretreatment method for
detergent wastewater. It was expected that by oxidation, we
can improve biodegradability and also reduced the COD by
oxidation plus coagulation at the same time [34,35]. Finally,
the pretreated detergent wastewater was further treated by
MBBR.

2. Materials and methods

Because of the low degradability and difficulties in treat-
ing of detergent wastewater by using only biological pro-
cesses, we used a process consisting of pretreatment using
coagulation/flocculation, Fenton-like oxidation followed by
MBBR process.
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2.1. Coagulation/flocculation pretreatment processes

The pretreatment of detergent wastewater sample by
coagulation/flocculation process was examined through a jar
test apparatus. In this study, FeCl, was used as the coagulant.
The jar tests were run at 180 rpm for 1 min, 30 rpm for 20 min
and settling for 120 min. The dose of FeCl, was varied in the
range between 500 and 3,000 mg/L [6]. Samples of the clari-
fied wastewater were taken for determining the effectiveness
of the method for the surfactant and COD removal.

2.2. Fenton-like oxidation process

Fenton-like oxidation was carried out in a batch mode,
and to conduct the experiments, a 500-mL jar was used. The
temperature of the reaction was 25°C + 1°C for all Fenton-
like experiments. For the adjustment of pH, NaOH and HCI
were used. At the beginning of the reaction, pH was adjusted,
then ferric chloride (FeCl,.6H,0) was added to the reaction
and after 1 min hydrogen peroxide, H,0, 30% (w/w), was
then added. After the end of the reaction and slightly before
adding NaOH, the calcium hydroxide (Ca(OH),) was added,
and for about 1 min, the aqueous solution was stirred rapidly.
Then, 5 M NaOH solution was added in order to adjust the
pH to 7-8, and a small amount of the polyelectrolyte solution
was added for suitable flocculation. After 1 h, sedimentation
of the flocs, the supernatant COD and LAS were measured.

2.3. Moving bed biofilm reactor design

The experiments were based on an arrangement with two
reactors running in parallel, approximately with a volume of
6.5 L (Fig. 2). Both reactors were operated in the same opera-
tion conditions (e.g., mixed liquor suspended solids [MLSS],
temperature and C/N/P). Then, in these conditions, in order
to compare the two reactors, the influent with different
loading rate was injected. Dissolved oxygen (DO), pH and
temperature were monitored daily using portable devices
during the experiments. The reactor filling ratio in this study
was considered 50%. The characteristics of the media used
in the reactor are shown in Table 1. After this period, raw
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Fig. 2. Schematic of MBBR reactor.

Table 1
The characteristics of media used in this study

Parameter Amount

Kind of media High-density polyethylene

Media shape Cylindrical with a cross
in the middle

External diameter 10 mm

Height 7 mm

Effective surface of media 857 mm?

Specific surface area 517 m?*/m?

Specific gravity 0.96 g/cm®

wastewater was injected into the reactors with COD and LAS
concentrations of 400 + 50 and 20 + 2 mg/L, respectively, for
30 d for the adaptation of the microbial consortium with the
wastewater and the formation of an appropriate layer on the
surface of the media. The pH value of the injected feeding was
kept at 6.5-8. To provide the microbial growth of the values
of the nutrient, the ratio of C/N/P was close to about 100/5/1,
and the nutrient solution was mixed with the injected waste-
water into the reactor [36,37]. The concentrations of nutrient
(KH,PO,, NH,Cl and NaHCQO,) for providing phosphate,
nitrogen and inorganic carbon source were about 197, 910
and 1,500 mg/L, respectively [36].

2.4. Analytical methods

In this study, different amounts of LAS were added to
wastewater synthetically. For this purpose, LAS (CAS No.
25155-30-0, technical grade) and other materials were pur-
chased from Aldrich (Merck KGaA, Germany). The amounts
of anionic surfactant, COD and BOD, in each sample, were
determined according to the standard methods for the exam-
ination of water and wastewater [38]. The biofilm activity was
determined by specific oxygen uptake rate (OUR) method
[34]. The DO, temperature and pH were monitored using a
portable device (Aqualytic AL15) and the intervals of pH were
set up by adding 0.1 N of NaOH and HCL. The biofilm growth
was visualized to show the biofilm morphology, using the
scanning electron microscope (SEM; Hitachi S-4200 FE). The
media samples before the SEM analysis were taken from the
bioreactors and dried at room temperature for 24 h. Biofilm
thickness was measured by light microscopy (Eclipse E100-
LED) to determine the biofilm thickness of the media sam-
ples that were removed from the reactors. After sampling, the
media were dried and then the biofilm thickness profile along
the length of each media was determined. Each media was cut
into two 1-cm long sections. To determine the average biofilm
thickness (L ) the thresholded images were quantified [39-41].

3. Results and discussion
3.1. Effect of pretreatment (coagulation)

In this study, we investigated the application of Fenton-
like process in combination with the aerobic MBBR method
for the treatment of wastewater of detergent industries. The
required wastewater was supplied from the effluent wastewa-
ter of Ivan detergent factory (Table 2). The effluent wastewater
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of this factory is discharged into the environment without any
treatment. The characteristics of the effluent wastewater are
shown in Table 1. Based on the sampling carried out, the aver-
age values of the COD and LAS of the raw wastewater used in
the study were 24,039 and 210 mg/L, respectively.

In this study, the FeCl, were used as the coagulant. The
changes in the removal efficiency of COD and LAS with
three different concentrations (210, 500 and 1,000 mg/L),
along with the change of FeCl dosage, are shown in Fig. 3.
As shown in this figure, the optimum dose of coagulant was

100
--XK--- LAS 210 mg/l

80 —4&— LAS 500 mg/I o x
—-©-=LAS 1000 mg/1 RS
—-— COD Removal % ae— —a0

60

Removal Efficiency (%)

0 500 1000 1500 2000 2500 3000

Fecl; Concentration(mg/l)

Fig. 3. COD and LAS effluent changes with change of coagulant
dose.

Table 2
The characteristics of the effluent wastewater of Ivan detergent
factory

COD (mg/L) 24,039 + 150
BOD, (mg/L) 4,550 + 25
Total suspended solids (mg/L) 108.4+5
LAS (mg/L) 210+10
O&G (mg/L) 1958 +5
pH 73+03
Total phosphorus (mg/L) 2631
Total nitrogen (mg/L) 127£0.7

Table 3

209

found to be 2,500 mg/L, and in this dose, the best removal
efficiencies of COD and LAS (210, 500 and 1,000 mg/L)
were 65% (9,270 mg/L) and 78% (46 mg/L), 58% (212 mg/L)
and 49.5% (495 mg/L), respectively. In order to supply
enough alkalinity and also for adjusting the reaction of the
pH to the best condition of coagulant performance, cal-
cium hydroxide (Ca(OH),), with the approximate dose of
3,500 mg/L, was used. At the end of the reaction and after
the sedimentation of the flocks, the supernatant pH was
11. This pH in the most of the investigations was reported
as the optimum pH for the coagulation of such wastewater
[4,6,10].

3.2. Optimum condition of Fenton-like oxidation process

For the study of Fenton-like process efficiency in waste-
water treatment, a series of experiments were conducted to
examine the reaction parameters. In Table 3, the complete
results of this investigation have been shown. Because of the
complete removal of the residual LAS with a concentration
of 45 mg/L after a Fenton-like process, these results have not
been included in the table.

Figs. 4 and 5 show the removal efficiency of COD and
LAS in different conditions of Fenton-like oxidation pro-
cess. In Fig. 4, the removal efficiency of COD and LAS was
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Fig. 4. Effect of Fe** dosage on the removal of COD and LAS
(HZO2 =25mM, pH =4, time = 60 min).

The result of the pretreatment (coagulation), Fenton-like oxidation and anaerobic biological treatment process

Pretreatment (coagulation) Fenton-like oxidation

Biological treatment

COD (mg/L) LAS (mg/L) COD (mg/L) LAS (mg/L) HRT (h) COD (mg/L) LAS (mg/L)
8,910 + 500 46 +20 1,050 + 100 <1.5 - - -
8 737 £10 8+1
9,080 + 500 210+ 20 1,250 + 100 45+3 20 328+7 <1.5
36 73+5 <1.5
8 736 +10 64+2
9,250 + 500 490 + 20 1,300 + 100 100 +5 20 340+ 8 37+2
36 88+5 5+1
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Fig. 5. Effect of H,O, dosage on the removal of COD and LAS
(Fe**=4.1 mM, pH =4, time = 60 min).

investigated with different concentrations of Fe® ion. If
the solution’s pH is too high, the iron precipitates in the
form of Fe(OH),, which catalytically decomposes the H,O,
into molecular oxygen, without forming hydroxyl radicals.
Hence, we kept the initial pH unchanged (3.5-4.5) for all
the subsequent tests. As shown in this figure, an increase
in the concentration of Fe®, causes an increase in the
removal of COD and LAS. At the initial concentration of
Fe** (0.2-5 mM) with 25 mM H,O,, the maximum removals
of COD and LAS (45, 210 and 500 mg/L) were found to be
92.89%, 99.99%, 81.99% and 80.4%, respectively. The results
show that with an increase in Fe* ions, the removal effi-
ciency improves [9]. This phenomenon shows the impor-
tance of Fe*" ions in the Fenton-like process [42]. According
to reaction (3)—(5), a low Fe(IIl) dose would lead to a low
concentration of [Fe™OOH]* complex. When the Fe(III)
dose increases, the formation of the complex improves as
well, consequently, the formation of Fe(II) and OH* also
accelerates [25]. Furthermore, in the higher concentrations
of Fe(IlI) ions, this may be considered a useful method for
the removal of pollutants because of the post-coagulation
process [42,25].

The corresponding mechanism of Fenton-like oxidation
is as follows:

2+

Fe” +H,0, ¢>[Fe"OOH | +H' « Fe* +HOO® +H' (1)
Fe*” +H,0, — Fe™ + 20H° )

Fe** +H,0, + OH® — Fe** + HOO® + H,0 3)
—Fe’ +H"+H,0+0,
However, an excessive rise in Fe® ions causes a higher
cost of reagent, needs further treatment to remove residual
ferric iron, causes more sludge to be produced and its dis-
posal cost is higher [43]. Therefore, the optimum amount of
Fe* ion was considered 4.1 mM.
In Fig. 5, the effect of changes in H,0, dosage has been
shown. The Fe** dosage and the time of reaction were 4.1 mM
and 60 min, respectively. As shown, in the figure, as a result

of an increase in the concentration of H,0,, the removal
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Fig. 6. The BOD,/COD ratio after the end of the any process.

efficiency improved and COD and LAS (45, 210 and 500 mg/L)
residuals in the supernatant were found to be 1,023, <1.5, 31
and 94 mg/L, respectively. The increase in the removal rate as
a result of an increase in H,O, is due to the increment in the
OHP radicals [44]. By increasing the H,O, concentration, the
H,O, decomposition rises until an optimal H,O, concentra-
tion is achieved. When the H,O, concentration exceeds the
optimal concentration, the decomposition of H,O, decreases
as a result of the scavenging effect and regeneration of H,0,
according to the following reactions: [25]

H,0, + OH’ - H,0+HO,°, K =2.7x10'M's™! 4)
H,0, + OH’ - HOO’ + H,0 )
HOO® + HOO® - H,0, + O, 6)
OH’ + OH® - H,0, @)

Due to the decomposition of H,0, and generation of
hydrogen gas, the application of H,O, more than the optimal
value can cause flotation of generated iron sludge. In addi-
tion, if there is residual hydrogen peroxide in the system, the
results will be an increase in COD. 1 mg/L residual H,O, pro-
duces about 0.27 mg/L of COD [26,45]. Therefore, the opti-
mum value of H,0, was considered 35 mM.

At the end of the chemical pretreatment, the BOD,/COD
ratio of this wastewater was increased from 0.18 to 0.39,
which was suitable for the use of MBBR process (Fig. 6).

3.3. Biological degradation after Fenton-like oxidation process

The efficiency of two MBBR reactors in removal of LAS
and COD was investigated with the COD influent approxi-
mate of 1,200 + 100 mg/L and with two LAS concentrations of
45 and 100 mg/L in the 8, 20 and 36 h HRT.

3.4. Biofilm mass measurement

The mass of the attached-growth biofilm in MBBR was
measured after separating the media from the reactor (15
pieces), and the media biomass was weighted after drying.
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The total mass of the attached-growth biofilm in MBBR was
calculated as follows:

Attached - growth biofilm mass (mg) = = % X (m1 - mz) 8)

where m, and m, are the mass of the media with biofilm and
the clean media (mg), respectively, and 7 is the total number
of the media in each MBBR [36].

In Fig. 7, the growth of biofilm on the surface of media
in reactor 2 has been shown. As can be seen in this figure,
increasing the operation time causes an increase in the thick-
ness of biofilm on the surface of the media. A decrease in the
thickness of the biofilm on the media at higher HRT and in
different times of operation may be attributed to the defi-
ciency of enough substrate and DO in the inner layers and
the dominance of anaerobic conditions in the biofilm, or the
mixing intensity that leads to the gradual sloughing of biofilm
[37,46]. In a steady state, the biofilm thickness is dependent on
the comprehensive effects of biofilm growth rate, mechanical
shearing, and its subsequent detachment [47].

The performance of the MBBR process depends on the
provided media percentage in the reactor and the OLR
[48,49]. To move the media freely, the media filling fraction
(percentage of reactor volume occupied by carriers in the
empty tank) normally varies from 50% to 70% [50]. It has also
been experienced that a higher filling percentage causes a
decrease in the mixing efficiency [48,51]. In this investigation,
the filling ratio was considered 50%.

In Fig. 8, the changes in OUR during the operation time
of MBBR reactors (reactor 2) have been shown. OUR is one
of the important parameters in the aeration biological sys-
tems, which shows how active the microorganisms present
in the aeration tank, and these microorganisms consume
and break down organic matter input to the system in the
presence of oxygen [46]. With an increase in solids reten-
tion time in the system, because of the increase in the aging
of bacteria consortium (nonactive population) and death
(declining phase) of active bacteria, the oxygen consump-
tion rate and the subsequent OUR (mg O,/g mixed liquor
volatile suspended solids h) both decrease [51]. Thus, in the
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Fig. 7. Biofilm thickness in the MBBR reactor (reactor 2).

first 5 d of the operation, its amount was about 11, but with
an increase in SRT and at the end of the operation period, it
decreased to about 2. It should be noted that in all circum-
stances, the amount of DO in the system was maintained
at about 2.5-3 mg/L. Furthermore, in high media volumes,
such as 40%-50%, the collision between the media parti-
cles became more intense and the biofilms became thinner,
which interfered with the oxygen and substrate diffusion in
the biofilms, and therefore, the biofilm activities decreased
[34]. In addition, the decline in HRT and periodic changes
in the biofilm thickness causes exposure of microorganisms
with higher load of pollutants and increase of oxygen and
substrate diffusion limitation in the biofilms, so the biofilm
activities decreased [34,51].

3.5. SEM characterization of bacteria

In order to imagine the attached biofilm on the sur-
face of media in both reactors, SEM images of clean and
biofilm-attached media were prepared. As shown in Fig. 9(a),
the surface of the clean carrier was naked. Gradually, with
the operation of the reactor, the thickness of the biofilm on
the carrier increased. At the end of the experiment, the struc-
ture of the biofilm was partly bushy (Figs. 9(b) and (c)).

12
10

OUR(mgO,/gr MLSS.hr)

(= )

10 15 20 25 30 35 40 45 50 55 60 65
Time (day)

0 5

Fig. 8. OUR changes in the operation time of MBBR reactor
(reactor 2).

(@) i

Fig. 9. SEM micrographs of the biofilm surface formation on
media. (a) Clean media without attached growth compared with
photos; (b) and (c) media surface with attached growth by 15,000
zoom:s for reactor 2 and 1, respectively.
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As shown in Figs. 9(b) and (c) for reactor 1 and 2, respec-
tively, the main community of aerobic bacteria in both reac-
tors was more than bacilli and less than cocci. The aerobic
bacilli were the long types. However, the long bacilli and
cocci were the main types of the degradation of LAS [1,52].

3.6. COD and LAS removal in MBBR process

The results of LAS and COD biodegradation and the
removal efficiency in both MBBR reactors have been shown
in Figs. 10 and 11. As can be seen in Fig. 10 in 36 h HRT for
reactor 1 and 2, the average removal of LAS with a concen-
tration of 45 and 100 mg/L with 50% filling ratio were found
to be 99.99% and 95%, respectively. For 20 and 8 h HRT, the
average percentage removal of LAS (45 and 100 mg/L) were
98.88%, 62.31%, 82.23% and 36%, respectively. The efficiency
of the two MBBR systems for COD removal has been shown
in Fig. 11. In reactor 1 (with lower LAS concentration), the
maximum removals of COD after 36, 20 and 8 h HRT were
found to be 94.2%, 73.69% and 41% respectively. Also, for
reactor 2 (with higher LAS concentration), the maximum
removal efficiencies were 93.41%, 72.74% and 41.11% in 36,
20 and 8 h HRT, respectively. The correlation between the
removal of COD and LAS and the amount of attached bio-
mass on the media in the reactor 1 were R?=0.92 and p <0.05
and R?=0.84 and p < 0.05, respectively.
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Fig. 10. LAS removal efficiency in the aerobic MBBR systems
with two concentration of LAS (45 and 100 mg/L) at different
hydraulic retention time (HRT).
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Fig.11. COD removal efficiency in the two aerobic MBBR systems
with different hydraulic retention time (HRT).

After decreasing HRT from 36 to 20 h, the removal effi-
ciency of LAS and COD in both reactors decreased and
reached 75.55% and 65.3% for reactor 1, and 45.21% and
59.48% for reactor 2, respectively. For reactor 2 the correla-
tions between the removal of COD and LAS were R* = 0.93
and p <0.05 and R?*=0.92 and p < 0.05, respectively.

In both MBBR reactors, there was a gradual increase in
LAS and COD removal until the end of the stationary condi-
tion. As already shown, by decreasing the HRT from 36 to 20
and 8 h, neither of the MBBR systems was able to bring effluent
into the surface water discharging standard. These character-
istics belong to the attached biofilm media, which have a sig-
nificant effect on the removal efficiency [37,53]. The primary
MLSS of sludge that was injected into the MBBR reactors was
about 4,500 mg/L. At the end of the operation period, the MLSS
of both reactors decreased to about 1,520 mg/L. The sludge
yields for both MBBRs were between 0.018 and 0.192 g total
suspended solids/g COD. The lower sludge yields may be
related to their infinite SRT and the existence of the media in
the MBBR process [32,54].

It proves that the attached biofilm on the carrier plays a
significant role in the biodegradation of COD and LAS. There
might be two reasons for this phenomenon. First, because of
the biofilm structure, MBBR could be more resistant to the
inhibitory effects of the toxic contaminant impact load. In
comparison with the suspended activated sludge, the bio-
film structure increased mass transfer resistance to toxic sub-
stances in order to be diffused into the deeper biofilm layer.
So, this configuration could decrease the inhibitory effect of
toxic substances on the bacteria [54,55]. Second, after a good
adaptation of biofilm to LAS, the LAS can be used as a good
carbon source by microorganisms [56,57].

Biofilm development on the surface of the media is
related to the characteristics of the media and hydrodynamic
condition [37,58,59]. The removal efficiency of this investi-
gation up to 100 mg/L LAS and COD about 1,200 mg/L at
36 h HRT was 95%, which was more than from other studies
such as combined Fenton oxidation and aerobic biological
processes which removed 40 mg/L of LAS [9], electro-Fen-
ton degradation of anionic surfactants with LAS concentra-
tion of 50 mg/L [60] and activated sludge process with 99%
removal efficiency for only 5 mg/L concentration of surfac-
tant [37,58].

In one study, about 50 sites of the municipal wastewater
treatment were investigated. This study included 15 acti-
vated sludge systems, 12 trickling filters, 6 oxidation ditches,
8 lagoons and 9 rotating biological contactor and treatment
facilities in USA. Influent concentrations of LAS for all treat-
ment plants showed a normal distribution with a mean of
5mg/L. The average concentration of the effluent LAS ranged
from 0.04 mg/L for activated sludge plants to about 1 mg/L
for trickling filter plants. A range of removal rates over 99%
for activated sludge process and an average of 77% for trick-
ling filter plants were observed. The average removal of LAS
in other treatment plant types ranged from 96% to 98% [61].

4. Conclusion

Pretreatment of detergent wastewater with coagulation in
combination with Fenton-like oxidation process can increase
the BOD,/COD ratio in order to use biological processes.
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Fenton-like oxidation process is a practical treatment for
the wastewater that contains surfactants. They are able to
eliminate a large amount of COD and LAS. The optimum
amount of catalyzer (Fe*) and oxidant (H,O,), pH and time
of reaction for the Fenton-like oxidation process were 4.1 and
35 mM, and 4 and 60 min, respectively. In the MBBR process,
the removal efficiencies of reactor 1 were 94.20% and 99.99%
for COD (1,200 mg/L) and LAS (45 mg/L) in the 36 h HRT,
respectively. Also for reactor 2, the removal efficiency was
found to be 93.41% and 95% for COD (1,200 mg/L) and LAS
(100 mg/L) in the 36 h HRT, respectively. This result demon-
strates that the aerobic MBBR process in combination with
the Fe*/H,O, process was quite efficient for the treatment of
the wastewater of detergent industries.
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