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a b s t r a c t

The effect of different physicochemical treatments on the aerobic biodegradability of an industrial
wastewater resulting from a cosmetic industry has been investigated. This industrial wastewater con-
tains 11423 and 3148 mg L−1 of chemical oxygen demand (COD) and anionic surfactants, respectively.
The concentration of COD and anionic surfactants were followed throughout the diverse physicochem-
ical treatments and biodegradation experiments. Different pretreatments of this industrial wastewater
using chemical flocculation process with lime and aluminium sulphate (alum), and also advanced oxi-
dation process (electro-coagulation (Fe and Al) and electro-Fenton) led to important COD and anionic
surfactants removals. The best results were obtained using electro-Fenton process, exceeding 98 and
80% of anionic surfactants and COD removals, respectively. The biological treatment by an isolated strain
Citrobacter braakii of the surfactant wastewater, as well as the pretreated wastewater by the various physic-
lectro-Fenton

nionic surfactant wastewater ochemical processes used in this study showed that the best results were obtained with electro-Fenton
pretreated wastewater. The characterization of the treated surfactant wastewater by the integrated process
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. Introduction

In Tunisia more than 100 000 m3 per year of surfactants con-
aining wastewater are released. Synthetic surfactants have many
ndustrial applications: washing and cleaning (44%), development
f textiles (17%), cosmetic or medicinal products (7%), plastics (5%),
oodstuffs (5%), paper (2%), plant health (2%), and metallurgy (7%).
ue to their many applications, surfactant can be found at impor-

ant concentrations in wastewaters producing problematic foams,
nd inhibiting the activity of certain microorganisms. Their toxicity
s not only due to their affinity for the cellular membranes, but also
o their capacity to be fixed on proteins causing inhibition of the
ctivity of certain enzymatic proteins.

The presence of a surfactant in a liquid, even in small quan-
ity, can break the surface tension. This property is related to the
xistence of a hydrophobic part (non-polar) and an absorbent part
polar) in the same molecule. For a biological treatment, the sur-

actant concentration in the medium cannot exceed 1000 mg L−1

ue to its toxicity toward microorganisms and foaming in aerated
ioreactors [1].

∗ Corresponding author. Tel.: +216 74 874 452; fax: +216 74 874 452.
E-mail address: sami.sayadi@cbs.rnrt.tn (S. Sayadi).
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Fenton)-biological showed that it respects Tunisian discharge standards.
© 2008 Elsevier B.V. All rights reserved.

The class of anionic surfactants is very important, it accounts
or 60% of the world production. The non-ionic surfactants are less
mportant, approximately 30%, but include a larger variety of chem-
cal species. Amphoteric and cationic surfactants not exceed the 10%
1].

The world production and the use of the chemical com-
ounds such as the surfactants increased enormously. Several
f these compounds are biologically not degradable and present
threat to environment [2]. Great number of surfactant agents

s not easily biodegradable. Consequently, many physicochemi-
al methods of pretreatment such as the ozonation and other
echniques of advanced chemical oxidation were developed to
liminate surfactants [3]. Although effective on the improvement
f the biodeterioration of surfactant, ozonation and photocatalytic
xidation are relatively expensive methods. The electrochemical
echniques have an important role among advanced technologies
f treatment and can cure this problem of pollution.

The principal agents for the degradation of surfactants are the
acteria. A bacterium or a consortium of bacteria for the treat-
ent of wastewaters rich on surfactants must be able to destroy the

urfactants properties of the molecule and to use the breakdown

roducts as source of carbon and energy.

Surfactants are toxic for the living microorganisms. They cause
he destruction of the function and the structure of the bacterial

embranes by increasing their permeability. In the microorgan-
sms, the adsorption of surfactants causes the depolarization of the

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:sami.sayadi@cbs.rnrt.tn
dx.doi.org/10.1016/j.jhazmat.2008.08.009
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ellular membranes and decreases consequently the absorption of
he nutrients and modifies the release of the substances starting
rom the cellular metabolism.

The aim of this study is to develop an adequate physicochemical
retreatment step in order to improve the biodegradation of indus-
rial anionic surfactant rich wastewater by decreasing the organic
oad and the anionic surfactants concentration.

. Materials and methods

.1. Industrial wastewater

The industrial wastewater used in this study was provided from
cosmetic company (JASMINAL, Sfax, Tunisia). The main surfac-

ant used in this factory is the anionic surfactant sodium lauryl
ther sulphate (SLES). Some other chemical compounds are also
sed in the formulation of different cosmetic products, such as:
EG 7 glyceryl cocoate, polyquaternium, Guar hydroxypropyl tri-
onium, Paraffin oil 30CP, Carbomer and formaldehyde. A sample

f wastewater was taken, characterized and then stored at 4 ◦C. The
omposition is given in Table 1. Values were the average of three
ttempts.

.2. Bacterial strain and inoculum preparation

C. braakii CTM 50600 [4] culture was used to inoculate the
atch cultures. C. braakii was grown on basal salt medium (BSM)
5] containing 0.5 g L−1 SLES as selective carbon source. The
ulture parameters were as follow: agitation = 200 rpm; tempera-
ure = 30 ◦C and pH 7.

.3. Cultures

Culture conditions were realized according to Dhouib et al. [5].

mmonium sulphate was added in the medium for reaching a
OD/N ratio of 20 in order to have adequate C. braakii growth.
he pH of each effluent was adjusted to 7 by the use of NaOH
n the case of raw wastewater and with a sulphuric acid solution
n the cases of pretreated wastewater. Five percent of C. braakii

•

•

able 1
haracteristics of the industrial wastewater before and after different treatments (values

arameters Industrial
wastewater

Co
(L

nionic surfactant (mg L−1) 3148 ± 36 12
nionic surfactants removal (%) –
H 6.77
OD (mg L−1) 11423 ± 460 57
OD removal (%) –

iological oxygen demand
BOD5 (mg L−1) 625 ± 48
BOD5 (mg L−1) with addition of Citrobacter braakii 2500 ± 160 12

OD5 removal (%) –
OD5/COD 0.22
ry solids (g L−1) 15 ± 1
olatile solids (g L−1) 13 ± 1
ineral solids (g L−1) 2

e (mg L−1) –
otal suspended solids (mg L−1) 250 ± 18
olatile suspended solids (mg L−1) 100 ± 8
ineral suspended solids (mg L−1) 150

ats (mg L−1) 600 ± 46
otal nitrogen (mg L−1) 113 ± 7
ineral nitrogen (mg L−1) 0
rganic nitrogen (mg L−1) 113 ± 7
aterials 164 (2009) 353–359

uspension culture was inoculated into the biodegradation tests.
he aerobic biological treatment of wastewater using C. braakii
as developed and studied in sterile conditions in shake-flask cul-

ures consisting of 1 L Erlenmeyer flasks and containing untreated
astewater or pretreated by the different processes developed in

his study. The inoculated flasks were continuously agitated on
rotary shaking incubator operating at 200 rpm and 30 ◦C for

8 h.

.4. Analytical techniques

pH was analyzed using a Metrohm pH-meter.
Methylene blue active substance (MBAS) assay used to the
estimation of anionic surfactants. This assay was carried out
according to Tunisian Norms [6].
Hyamine colorimetric method was also used for estimating the
anionic surfactant in wastewaters when concentrations exceed
40 mg L−1.
COD was estimated as described by Knechtel [7].
BOD5 was determined by the manometric method with a
respirometer (BSB-Controller Model 620 T (WTW)). Two BOD5
tests were realized. One without inoculation (presence of only
autochthonous microorganisms), and another with inoculation
with the adapted strain C. braakii. For this, 1 mL of a C. braakii
suspension culture was used in 250 mL of adequate diluted sam-
ples. A control test was realized in the same conditions without
wastewater in order to estimate the BOD5 of the culture suspen-
sion and to consider it in calculating BOD5 values.
Dry matter (DM), total solids (TS), volatile solids (VS), min-
eral solids (MS), total suspended solids (TSS), volatile suspended
solids (VSS) and mineral suspended solids (MSS) were measured
as the standard methods for examination of water and wastewa-
ter [8].
The total, mineral and organic nitrogen contents were analyzed

as Kjeldahl-N [9].
The standard method of Soxhlet solid/liquid (organic solids of
industrial wastewater/hexane) was used for the dosage of fats.
Iron concentrations were measured by means of an atomic
absorption spectrophotometer.

were the average of three attempts)

agulated wastewater
ime-Alum)

EL-Fe-biological
treated effluent

EL-Fenton-biological
treated effluent

90 ± 16 0 0
53.3 100 100

7.35 ± 0.22 7.73 ± 0.32 8.21 ± 0.28
95 ± 230 782 ± 48 435 ± 34
37.3 93.2 96.2

– – –
20 ± 85 312 ± 24 180 ± 16

51.2 87.5 92.8
0.21 0.40 0.41
– – –
– – –
– – –
– 42 58
– 50 ± 4 35 ± 3
– – –
– – ––
– 18 ± 2 25 ± 2
– 50 ± 4 35 ± 3
– –– –
– – –
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.5. Coagulation assays of the industrial effluent

Flocculation and coagulation are mainly used, when the appli-
ation of sedimentation is not feasible, due to the presence of
xtremely fine particles or globules, which do not possess a sig-
ificant settling rate, because the phases do not appreciably differ

n density from the parent liquid [10].
Different assays of coagulation were realized using the lime and

luminium sulphate (alum) in order to define the best conditions
or the treatment of the industrial effluent (data not shown). This
tudy was undertaken by the use of the “Numerical Flocculator
0408, Fisher Bioblock Scientific”. Experiments were conducted at
oom temperature (23–26 ◦C). Lime and alum doses range between
.5–2 and 2–4 g L−1, respectively. The best conditions were selected
or the highest COD and surfactants removals, good and fast
ecantation and also an adequate pH around 7 for a further bio-

ogical treatment. The optimum conditions used in this work to
reat the industrial wastewater are as follows:

stirring speed: 70 rpm;
lime concentration: 1 g L−1;
aluminium sulphate: 3 g L−1;
reactions time: 15 min after lime addition, and 15 min after alu-
minium sulphate addition;
settling time: 4 h.

.6. Electro-Fenton and electro-coagulation treatment

For the electro-Fenton tests, experiments were carried out in a
.25 L glass reactor. The aqueous solution of reactants was homog-
nized by magnetic agitation to avoid concentration gradients.
he electro-Fenton reactor was formed by one pair of anodic
nd cathodic electrodes (cast iron plates) which were positioned
pproximately 1.5 cm apart from each other and were dipped in the
ffluent. The total effective surface area of electrodes was 0.2 dm2.
he current input was supplied by a “CONVERGY power supply”.
n each run, approximately 0.2 L of the industrial wastewater was
laced in the electrolytic cell. The pH of the solution was adjusted
o 4. H2O2 was added to the electrolytic cell before the electrical
urrent was turned on. A batch study was conducted to optimise
2O2 concentration. This parameter was examined in the range
f 0–1.5 g L−1. The optimum H2O2 concentration was found to be
g L−1.

In the electrochemical process, the material of electrodes is
ssential for the reactions. Iron and aluminium electrodes were
hosen for this study, because they are cheap and easy to produce.
lectro-coagulation of the industrial effluent was carried out in the
ame glass reactor as for the electro-Fenton without stirring. This
lectrolysis process lasted 1 h at different current densities. The
ptimum pH for Al3+ and Fe3

+ for wastewater coagulation are 6–7.4
nd higher than 5, respectively. The pH of the industrial wastew-
ter is equal to 6.77. For this, EL-Fe and El-Al assays were realized
ithout pH adjustment.

. Results and discussion

.1. Characteristics of the industrial wastewater

The characteristics and average composition of the indus-

rial wastewater are given in Table 1. The COD value equal to
1423 mg L−1 proves the high organic load of the industrial wastew-
ter. A large part of the organic matter is constituted of anionic
urfactants reaching a concentration of about 3148 mg L−1. The
H of the wastewater is around the neutrality. The BOD5 of the

i
c
t
T

aterials 164 (2009) 353–359 355

urfactant wastewater is relatively low as a result of its low
iodegradability. The inoculation with C. braakii increases the BOD5
ut the ratio BOD5/COD remains low. This strain is a powerful bac-
erial isolate able to degrade wide range of anionic surfactants as
eported in a previous work [5] and consequently increases BOD5.

Anionic surfactants, COD and BOD5 of the industrial wastewater
argely exceed Tunisian water standards which are 5, 1000, and
00 mg L−1, respectively.

As can be seen in this Table 1, the total Kjeldahl nitrogen (TKN)
oncentration was very low. Consequently, in biological treatment
anipulations, ammonium sulphate was added in the medium for

eaching a COD/N ratio of 20 in order to have adequate C. braakii
rowth.

.2. Coagulation of the surfactant wastewater using lime and
luminium sulphate

Recently, there has been increasing interest in the use of chemi-
al coagulations and electrochemical methods for the treatment of
ecalcitrant toxic wastes. The cost of chemical coagulation is low
nd economic for the treatment of wastewaters [11].

Coagulation process is largely common in wastewaters treat-
ents and knowing for its possibilities of destabilizing and of

ncorporating colloids [12]. In a conventional wastewater treat-
ent, the coagulants such as aluminium chloride, ferrous sulphate,

luminium sulphate, ferric chloride and hydrated lime are most
argely used in reason of their effectiveness, low cost, easy to han-
le and availability. The aluminium coagulants are more effective
t lower temperatures and a broader range of pH.

Coagulation tests were carried out using lime and alum. In the
ptimal conditions, COD and anionic surfactants removals, as well
s pH and BOD5 were determined. Important removals of anionic
urfactants and COD were obtained as can be seen in Table 1. Dur-
ng addition of lime there was a raise in pH but after addition of
luminium sulphate, a decrease in pH occurred. Since highly alka-
ine and acidic conditions are harmful for the biological growth,
he combined dose of aluminium sulphate and lime was optimized
onsidering the pH of the effluent. The final pH of the pretreated
ndustrial wastewater (around the neutrality) promotes a biolog-
cal treatment. In contrast, the products of chemical coagulation
y combined treatment of lime followed by aluminium sulphate at
ptimum dosage was not favourable for biological treatment as the
OD5/COD ratio of effluent was within the value of 0.21.

.3. Pretreatment of the industrial effluent by electro-coagulation
EC)

Tests of pretreatment of the industrial effluent by EC were
arried out with the same sample of the industrial wastewater
Table 1).

The mechanism of EC is dependent on the chemistry of the
queous medium, especially conductivity. In addition, other char-
cteristics such as pH, particle size, and chemical constituent
oncentrations will also influence the EC process. The efficiencies
f the electrochemical processes depend on the current density and
he nature of the anions contained in the waste [12]. In this study
wo electrode types were tested (aluminium and iron).

.3.1. Electro-coagulation of the surfactant wastewater using
luminium electrodes (EL-Al)
The oxidation of the industrial wastewater by EL-AL showed an
ncrease in the pH. Maximum values of pH were obtained with a
urrent density of 1.25 A dm−2. Indeed, with this current density
he pH reached the value of 10.38 after 60 min (data not shown).
his treatment allowed important COD and anionic surfactants
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ig. 1. The evolution of (a) anionic surfactants concentrations and (b) COD during th
ensities. (�) 2.5 A dm−2, (�) 1.25 A dm−2, and (�) 0.5 A dm−2. Data points are the av

emovals with the current densities of 1.25 and 2.5 A dm−2 (Fig. 1).
he application of a current density of 0.5 A dm−2 led to approxi-
ately 50% of COD and surfactants removals after 1 h of treatment.
Fig. 1a shows an important decrease of anionic surfactants in

he case of a current density of 2.5 A dm−2. In fact, this treatment
or 1 h allowed a reduction of anionic surfactants in the industrial
astewater from 3148 to 140 mg L−1. Anionic surfactants removals

re less important in the cases of 1.25 and 0.5 A dm−2 current den-
ities. For this treatment, COD removal is also important, especially
hen the current density is equal to 2.5 A dm−2 (Fig. 1b).

.3.2. Electro-coagulation of the industrial wastewater using iron
lectrodes (EL-Fe)

Iron leading oxidation in an electrolytic system produces iron
ydroxide, Fe(OH)n, where n = 2 or 3. The Fe(OH)n formed remains

n the aqueous stream as a gelatinous suspension, which can
emove the pollutants from wastewater either by complexation or

y electrostatic attraction, followed by coagulation.

The treatment of the industrial wastewater by EL-Fe showed an
ncrease in the pH. Maximum values of pH were obtained with a
urrent density of 2.5 A dm−2. In fact, using this current density,
he pH reached the value of 12.52 after 60 min (data not shown).

t
m

a
c

ig. 2. The evolution of (a) anionic surfactants concentrations and (b) COD during the elect
ensities. (�) 2.5 A dm−2, (�) 1.25 A dm−2, and (�) 0.5 A dm−2. Data points are the average
tro-flocculation of the industrial wastewater using Al electrodes at different current
of three replicates, and the error bars shown are the standard deviation.

l-Fe treatment allowed COD and anionic surfactants removals of
8.1 and 98.5%, respectively, with the current density of 2.5 A dm−2

Fig. 2). On the other hand, the application of a current density of
.5 A dm−2 leads only to 30.3 and 34.6% of COD and anionic surfac-
ants respectively after 1 h of treatment.

EL-Fe treatment for 1 h at a current density of 2.5 A dm−2

llowed a reduction of anionic surfactants in the industrial wastew-
ter from 3148 to 46 mg L−1. The elimination of surfactants is less
mportant in the cases of 1.25 and 0.5 A dm−2. Also, the COD of the
L-Fe treated industrial wastewater was about 2500 mg L−1 using
he current density of 2.5 A dm−2. However, the COD was about
931 and 7962 mg L−1 in the cases of the treated surfactant wastew-
ter at current densities of 1.25 and 0.5 A dm−2, respectively.

Fig. 4 shows that the BOD5/COD ratio of the El-Fe pretreated
astewater increased from 0.27 to 0.58. Similar results were
btained by Wang et al. [13] who found that the wastewater pre-
reated by means of coagulation–flocculation with 600 mg L−1 Fe2

+,

he value of CODB/COD increased from 0.3 to 0.6 after 2 days accli-

ation period (CODB is the total COD which can be biodegraded).
Sludge formed by EC (Fe and Al) tends to be readily settable

nd easy to dehydrate. In fact, flocs formed by EC are similar to
hemical floc, except that EC floc tends to be much larger, contains

ro-flocculation of the industrial wastewater using Fe electrodes at different current
of three replicates, and the error bars shown are the standard deviation.
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be reproducibly used in separate biodegradation assays. The pH,
concentrations of chemical oxygen demand and anionic surfactants
were followed throughout the biodegradation experiments.

The pH showed an acidification during the treatment of the pre-
treated effluent by EL-AL and lime-alum. For EL-Fe and EL-Fenton
ig. 3. The evolution of (a) anionic surfactants concentrations and (b) COD during t
mL L−1 and at different current densities. (�) 2.5 A dm−2, (�) 1.25 A dm−2, and (�)

he standard deviation.

ess bound water, is acid-resistant and more stable, and therefore,
an be separated faster by filtration [14].

.4. Pretreatment of the surfactant wastewater by electro-Fenton
rocess (EL-Fenton)

The Fenton oxidation process has also been employed success-
ully to treat different industrial wastewaters in many previous
nvestigations [15–17].

The formation of the hydroxyl radicals is at the base of the pro-
ess of EL-Fenton. This reaction constitutes a process of advanced
xidation appropriate to the water treatment contaminated by
rganic pollutants [18]. EL-Fenton oxidation process was studied
uccessfully for the treatment of olive mill wastewaters [19].

The purpose of this study is to conduct experimental tests
mploying the EL-Fenton oxidation process in treating the surfac-
ant wastewater. The optimal pH for Fe2+/H2O2 oxidation of the
rganic compounds is around 4 [20]. The reduction in the efficiency
f the EL-Fenton reaction for values of pH higher than 4 is generally
ue to the iron precipitation. It can be also owing to a decompo-
ition of hydrogen peroxide [21], oxidation of Fe2+ by an oxidant
ther than (H2O2) [20], or a reaction between (Fe2+) and (H2O2)
ot producing hydroxyl radicals [20].

The reagents implemented during the Fenton reaction are Fe2
+

nd H2O2. During Fenton reaction there is an oxidation of the ion
Fe2

+) leading to the formation of the radical (HO•). Results showed
hat it is possible to use the EL-Fenton process to degrade anionic
urfactants in the industrial wastewater in a short time (Fig. 3). This
s on line with Wang et al. [13] showing that Fenton oxidation was
feasible treatment for wastewater containing a large amount of

urfactants.
During the EL-Fenton oxidation process, a large amount of flocs

f various sizes in the wastewater were observed. The small flocs
ere probably ferric hydroxo complexes formed by complex chain

eactions of ferrous and hydroxide ions [22]. Those small flocs were
ot easy to settle out in wastewater because of their small sizes. The
ecessary time sufficient to the decantation of the treated wastew-
ter is about 4 h.
The objective of the physicochemical pretreatment of the indus-
rial wastewater is to improve its biodegradability. Therefore, BOD5
as analysed before and after treatment by different processes. The
se of BOD5/COD ratio as indicator of biodegradability is advanta-
eous over the single BOD5 since this parameter gives information

F
B
t

ctro-Fenton pretreatment of the industrial wastewater at a H2O2 concentration of
m−2. Data points are the average of three replicates, and the error bars shown are

n the extent of total oxidation that had occurred during differ-
nt treatments. Fig. 4 shows that EL-Fe and EL-Fenton processes
mproved the biodegradation of the industrial effluent. In fact, the
atio BOD5/COD reached 0.79 in the case of EL-Fenton process.

ang et al. [13] found that the application of 60 and 120 mg L−1

2O2 during the pretreatment of a surfactant wastewater by Fenton
xidation resulted in an increase in CODB/COD from 0.3 to 0.9 and
rom 0.3 to 0.7, respectively. On the other hand, the pretreatment
f the industrial effluent by lime-alum and El-Al processes caused
he decrease in the ratio BOD5/COD. Tests of biological treatment of
aw industrial effluent and pretreated were carried out to confirm
he results of the BOD5 analysis.

.5. Biological treatment of the industrial wastewater

Experiments of biological treatment of the industrial wastewa-
er pretreated by different processes were undertaken in order to
elect the adequate pretreatment process. C. braakii, as an isolate
acterium able to degrade a wide spectrum of anionic surfactants
ith interesting kinetics [5] was used in this study. This strain can
ig. 4. The effect of different physicochemical pretreatment processes on the report
OD5/COD of the pretreated industrial wastewater. Data points are the average of
hree replicates, and the error bars shown are the standard deviation.
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ig. 5. The evolution of (a) anionic surfactants and (b) COD during biological treatm
l-Fenton (�) pretreated. Data points are the average of three replicates, and the er

retreated effluent, an increased pH reaching values around 8 was
bserved (data not shown).

Concerning anionic surfactants and COD removals, high yields
ere obtained with the EL-Fenton pretreated effluent reaching

00 and 73% of anionic surfactants and COD removals, respec-
ively after 48 h of culture (Fig. 5). This is on-line with Kitis et
l. [23] finding who reported that Fenton’s oxidation pretreat-
ent was successful at increasing both the extent and rate of

iodegradation of the studied surfactant compounds. Also, Wang
t al. [13] found that a small amount of H2O2 can significantly
ncrease both the rate and the extent of biodegradation of wastew-
ter.

The treatment of raw industrial wastewater shows that anionic
urfactants and COD removals are higher than those obtained with
L-Al and lime-alum. The low biodegradation of the lime-alum and
l-Al pretreated effluents can be explained by the accumulation of
he aluminium ions which inhibit the bacterial growth. Moreover,
iwarska-Bizukojc et al. [24] reported that the presence of high con-
entration of synthetic surfactants in wastewaters decreased the
ffinity of biomass to substrate.

The biological treatment of EL-AL pretreated effluent showed a
ecrease of 60 and 20% of anionic surfactants and COD, respectively,
fter 48 h of culture (Fig. 5). However, the biological treatment of
ime-alum pretreated effluent resulted in low anionic surfactants
30%) and COD (20%) removals.

Table 1 shows the increase of iron concentration in the (EL-Fe
nd EL-Fenton)-biological treated wastewater. In fact, during the
lectrolysis treatment of wastewater, a certain amount of iron was
ontinuously dissolved into the effluent from the cast iron anodes,
s governed by the Faraday’s law [25].

Results obtained after biological treatment of the EL-Fenton and
l-Fe pretreated effluents (Table 1) show that the physicochemical
haracteristics of the final effluent respect the Tunisian discharge
tandards (COD < 1000 mg L−1, BOD5 < 400 mg L−1, 6.5 < pH < 9,
SS < 400 mg L−1, total nitrogen < 100 mg L−1).

. Conclusion

The presence of surfactants at high concentration in bio-

ogic stations causes an inhibition of autochthons microorganisms
nd produce foams which causes the perturbation of treatment
rocess.

The treatment of wastewaters rich in anionic surfactants by
ioaugmentation with bacteria with high catabolic capacities for

A

fi

f the industrial wastewater not pretreated (♦), and lime-AS (�), El-Al (�), El-Fe (�)
rs shown are the standard deviation.

he degradation of these substrates could be a suitable solution
or the treatment of the industrial effluents generated by cos-

etic and detergent factories. C. braakii is a powerful strain having
wide anionic surfactant degradation spectrum and possessed

igher degradation kinetics than conventional biological systems.
or example, the elimination rate of sodium lauryl ethyl sulphate
y C. braakii was 0.15 g L−1 h−1 [5]. High anionic surfactant feed into
he reactor could play a selective pressure for maintaining high C.
raakii proportion [5,26]. This can justify the possibility to apply C.
raakii in industrial wastewater treatment. Real experiments per-
ormed in two different industrial plants confirmed the necessity
f starting the system with C. braakii in order to remove completely
he foam and to reach the steady state (consistent biomass in the
eactor, almost surfactant concentration below 10 ppm). After this
tart-up, a powerful biomass consortium is formed step by step.
owever, C. braakii is not efficient in degrading very high con-
entration (ex: 3000 mg L−1) of sodium lauryl ethyl sulphate and
on-ionic surfactants. An adequate physicochemical pretreatment

s deemed necessary to decrease the surfactant load facilitating the
iodegradation process.

The biological treatment of the industrial effluent, as well as
he pretreated effluents by the different physicochemical processes
howed that the best yields were obtained with the effluent pre-
reated by electro-Fenton process. The results show that EL-Fenton
xidation was a practical treatment for industrial wastewaters
ontaining high amount of surfactants and organic compounds,
llowing significant surfactants removals. Also, EL-Fenton oxida-
ion was highly effective at enhancing the biodegradability of
urfactant wastewater.

Wastewater containing a large amount of surfactants and COD
annot be easily treated either by conventional physicochemical
or biological processes, or even by selective strain. Combining Fen-
on oxidation and aerobic biological or EL-Fe oxidation and aerobic
iological processes would provide the most sustainable way to
olve this problem. This integration of electro-Fenton process prior
o biological (aerobic or anaerobic) process already demonstrated
ts efficiency with olive mill wastewater treatment [19] and can be
eneralized to other industrial wastewaters such as textile, tannery,
nd petroleum effluents.
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