¢/ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2021.27595

233 (2021) 253-260
September

Combined treatment of olive mill wastewater by multi-soil-layering
ecotechnology and adsorption on activated carbon/lime

A. Ait-Hmane****, L. Mandi*®, N. Ouazzani®®, H. Ait Hammou®, A. Hejjaj?,

S. Alahiane¢, A. Assabbane®

“National Center for Research and study on Water and Energy (CNEREE), Cadi Ayyad University, PO 511, 40000,

Marrakech, Morocco, emails: arafaeaux@gmail.com (A. Ait-Hmane), mandi@uca.ma (L. Mandi), a.hejjaj@uca.ma (A. Hejjaj)
"Laboratory of Hydrobiology, Ecotoxicology and Sanitation (LHEA, URAC 33), Faculty of Sciences Semlalia, Cadi Ayyad University,
Marrakech 40000, Morocco, emails: ouazzani@ucam.ac.ma (N. Ouazzani), h.aithammou84@gmail.com (H. Ait Hammou)
‘Laboratory of Physical Chemistry (Photocatalysis and Environment), Faculty of Sciences Agadir, Ibn Zohr University,

PO 37/S, Morocco, emails: a.assabbane@uiz.ac.ma (A. Assabbane), alahiansaid@gmail.com (S. Alahiane)

Received 2 February 2021; Accepted 5 July 2021

ABSTRACT

The main objective of this work was to evaluate the ability of the multi-soil-layering (MSL) combined
with adsorption, using two adsorbents: activated carbon and lime, for the treatment of olive mill
wastewater (OMW). We have studied the influence of different physicochemical parameters, such
as the type of adsorbents, the mass of the adsorbent, the dilution factor, the temperature, and the
pH. This study has shown that the discoloration rate of OMW by activated carbon is more import-
ant in comparison to lime. Optimization of treatment parameters with activated carbon (pH = 2,
T =298 K, dilution factor = 5, mass (CA) = 5.5 g) allowed a 92% chemical oxygen demand reduc-
tion, 100% polyphenols reduction and almost a total discoloration of the effluent. Adsorption iso-
therm study shows that the adsorption on activated carbon is heterogeneous and in multilayer,
and also that the adsorption sites have different interaction energies. Therefore, the process of MSL
combined with adsorption on activated carbon could be a good option for the treatment of OMW
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1. Introduction

Treatment of olive mill wastewater (OMW) is a seri-
ous environmental problem in many parts of the world,
due to its high organic content and because of its resis-
tance to biodegradation due to its high content of microbial
growth-inhibiting compounds such as phenolic compound.

Several thermal, biological, and physicochemical pro-
cesses have been examined for the treatment of OMW,
resulting in considerable organic load and toxicity abate-
ment: (1) thermal processes: natural evaporation [1], ther-
mal concentration [2]; (2) biological processes: aerobic

* Corresponding author.

treatment [3], anaerobic treatment [4]; (3) physico-chemi-
cal processes: coagulation-flocculation [5-7], neutraliza-
tion with lime [8], electro-coagulation [9], adsorption on
activated carbon [10], adsorption on clay [11], ultrasound
and advanced oxidation [12], and flocculation-sedimenta-
tion and microfiltration [13].

Conventional biological treatment (aerobic or anaer-
obic) has gained attention over recent years as it can
achieve high removal efficiencies at a relatively low cost.
However, due to the extremely high organic load of OMW, a
post-treatment stage is imperative.
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Concerning thermal treatments, only a few processes
using pomace as an energy source have been applied on an
industrial scale. However, several physico-chemical tech-
nologies have proven to be more effective for the treatment
of these effluents. Among these physico-chemical tech-
nologies, there is the technique of adsorption on different
supports (activated carbon, clay, natural vase, lime, etc.).

According to the literature, the effective treatment of
OMW typically requires the use of several technologies that
combine chemical, biological, and physical processes [6,13].

Wakatsuki et al. [14] developed in Japan a low-cost
technology of multi-soil-layering (MSL) for the treat-
ment of domestic wastewater. The system combines phys-
ico-chemical and biological processes. It was then used
successfully in Morocco for the treatment of domestic
wastewater [15] and of OMW [16].

The current work aims at studying the efficiency of
the combination of MSL technology and adsorption, using
two adsorbents (activated carbon and lime), for the treat-
ment of OMW. The objective was to determine if an effec-
tive treatment process that is capable of significantly
increasing the degradations of OMW.

2. Materials and methods
2.1. OMW and adsorbent materials

OMW used in this experiment was collected from a
modern triphasic unit located in the Marrakech region.
This effluent was diluted to 50% by urban wastewater
and was pretreated by MSL ecotechnology which is made
up of layers of soil mix, sawdust, metallic iron, and of
charcoal. The layers are arranged in a pattern similar to
a layer of bricks surrounded by layers of gravel (Fig. 1)
[16]. The filtrate is then subjected to a post-treatment by
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Fig. 1. Structure and components of the MSL pilot for OMW
treatment.

adsorption. The adsorbents used for the retention of organic
matter are activated carbon and lime.

Activated carbon is in a powder state, produced from
selected qualities of carbon (Pulsorb 205 AP).

Lime is an odorless white powder with a molecular
weight of 74.093 + 0.005 g/mol.

2.2. Analytical methods
2.2.1. Physico-chemical analyzes of OMW

The hydrogen potential (pH), the electrical conduc-
tivity, and the dissolved oxygen of the OMW studies were
determined by the methods of ANFOR [17].

The chemical oxygen demand (COD) was analyzed
according to the standard method of potassium dichro-
mate [18].

The biochemical oxygen demand and total nitrogen
Kjeldahl were determined by the methods of AFNOR [17].

Total polyphenols were measured using the method
developed by Macheix et al. [19].

2.2.2. Characterization methods for activated carbon and lime

¢ The morphology of the activated carbon and lime was
observed using a scanning electron microscope (SEM) of
the TESCAN VEGAS3 brand. Images of the microstructure
were obtained with a maximum voltage of 10 kV.

¢ The elementary composition of the study materials
was determined using an energy dispersive X-rays
spectroscopy (EDXS) type analyzer with a resolution
of 0.1 mm.

® The point of zero charge (PZC) of each adsorbent (acti-
vated carbon and commercial lime) was determined by
the solid addition method. Ten tubes containing pH
solutions in the range of 2-12 (pH,) and 0.10 g of the
adsorbent are shaken using a rotator for 24 h at room
temperature. Then the final pH is measured. The dif-
ference between the initial and final pH (ApH = pH -
pr) is plotted as a function of the initial pH (pH,).
The point where ApH = 0 is taken as the PZC.

e The determination of surface adsorbents was based on
the method of Brunauer-Emmet and Teller (BET) [20]
who designed a multi-layer adsorption model for nitro-
gen molecules. This area is estimated from the quantity
of nitrogen adsorbed, in relation to its pressure at the
boiling temperature of liquid nitrogen and under nor-
mal atmospheric pressure.

2.3. Experimental procedure

Different weights of adsorbent are added to the solu-
tion of OMW. Monitoring of OMW adsorption was carried
out by determining the absorbance by a UV/Vis spectro-
photometry of Jasco type V-630 series at a wavelength of
300 nm, and by measuring the COD.

The discoloration rate is calculated as follows:
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where Y is the discoloration rate (%); OD; is the initial optical
density; OD, is the final optical density.

Once the adsorption process reaches a state of equi-
librium, the adsorption isotherms were carried out for
different initial concentrations (0-514 mg/L).

3. Results and discussion
3.1. Physico-chemical characterization of OMW studies

MSL-pretreated OMW samples have the following
physicochemical characteristics (Table 1):

OMW studies are slightly alkaline (pH = 7.6). This
alkalinity can be explained by the neutralization of
organic acids (phenolic acids, fatty acids, and soil) [21]
used during pretreatment by the MSL [16]. The content
of polluting organic matter expressed in terms of COD
is 3.97 g O,/L. This value is very high compared to the
standard value required by Moroccan standards relating
to discharges into surface and groundwater (500 mg/L).
In addition, we observe a low value of electrical conduc-
tivity (2,825 puS/em 20°C).

The concentration of phenolic compounds is relatively
high (0.055 g/L). In fact, the composition of phenolic com-
pounds of OMW varies according to the oil extraction
procedure and the variety of olive treated [22].

Moreover, the OMW studied is characterized by a dark
black coloration (4.82). In fact, during the storage period,
auto-oxidation and polymerization reactions transform
phenolic alcohols into phenolic acids. These reactions are
manifested by a change in the initial color of OMW from
the brownish-red toward a very dark black [23].

3.2. Characterization of the adsorbents studied

3.2.1. Morphology, atomic composition, and specific
surface of the adsorbents studied

The images of SEM of activated carbon were taken at
different aggrandizements (Fig. 2). The study of the mor-
phology of the activated carbon used shows aggregates
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made up of crystallites of different sizes perpendicular to
the plane of the image. This study also shows irregular
shapes typical of coal particles and an abundance of porous
and microporous particles which constitute cavities in the
form of suitable cages.

Regarding the lime studied (Fig. 2), it is made up of
agglomerates of small particles and small grains.

The results of the EDX spectrum obtained for activated
carbon and lime are shown in Table 2. This table shows
the dominance of carbon with the presence in a small per-
centage of calcium, molybdate, silicon, and aluminum in
activated carbon. While for lime, we note the presence of
several elements in different quantities: oxygen, calcium,
molybdate, magnesium, and silicon.

Moreno-Castilla et al. [24] have shown that the adsorp-
tion capacities of activated carbon depend on the degree
of activation of the carbon, the hydrophobicity of the sub-
stituents of the phenols, and the solubility of the phenolic
compound in water. In addition, the adsorption capacity
increases with the development of the surface and the poros-
ity of the carbon [25]. Consequently, the activated carbon
studied has an appropriate morphology and a high capacity
for the adsorption of OMW, compared to lime.

The specific surface of support has an essential role in
the elimination of pollutants by retention. In the present
work, the specific surface of activated carbon is 847 m?/g
while that of lime is 20 m?%/g.

Table 1
Physico-chemical characteristics of OMW studied

Parameters Values

pH 7.66 +0.04
Conductivity (uS/cm 20°C) 2,825+7.1
Total COD (g O,/L) 3.97 +0.05
Coloration (Abs) 4.82
Polyphenols (g/L) 0.055 + 0.008
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Fig. 2. Scanning electron microscope images of activated carbon and lime.
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Table 2

Chemical composition of activated carbon and lime in % mass and atomic

Activated carbon Lime
Element % Mass % Atomic Element % Mass % Atomic
C 92.77 97.75 C 5.67 10.24
Al 1.25 0.59 (@] 47.20 64.01
Si 1.21 0.55 Mg 0.61 0.54
Mo 2.13 0.28 Si 0.11 0.09
Ca 2.63 0.83 Ca 46.41 25.12

3.2.2. PZC of the adsorbents studied

Fig. 3 shows that the PZC of activated carbon and lime
is successively 8,4 and 12.4. Below PZC, the surface carries a
positive charge and above PZC, the charge is negative.

3.3. Effect of experimental parameters on the adsorption
process of OMW

We have studied the influence of several parameters that
can affect the adsorption process of OMW. These param-
eters are weight of activated carbon (m), dilution factor
(DF), agitation speed, temperature (T), and the pH of the
reaction medium.

3.3.1. Effect of the nature of adsorbent

The objective of this study is to compare the adsorption
efficiency of the two adsorbents (activated carbon and lime).
We have studied the evolution of the discoloration rates
of pretreated OMW as a function of contact time (Fig. 4).
The dose of each adsorbent introduced is 1 g/L.

Fig. 4 shows that the maximum discoloration rate of
OMW is 30.68% after only 3 h of agitation using activated
carbon. While for lime, the maximum discoloration is
16.5%. On the other hand, we have noticed that the kinetics
of adsorption occurs in two stages. This can be explained,
firstly, by the transfer of the adsorbate through the exter-
nal liquid film of the two adsorbents, this is the external

1(@) FIC=84 »

mass transfer step. Whereas, the second step may be due to
the diffusion of the solute inside the particles of the adsor-
bents. Moreover, the results of Fig. 4 shows that OMW
does not have the same affinity for the two absorbents and
that the effectiveness of discoloration of OMW on acti-
vated carbon is much greater than that on lime.

Galiatsatou et al. [25] have indicated that the adsorp-
tion of total organic matter is mainly controlled by the
microporosity of the adsorbent. This may explain the effi-
ciency of adsorption of activated carbon which is rich in
microporous particles compared to lime.

Given the adsorption efficiency of activated carbon
(compared to lime), it was used as a model to test the other
parameters (mass of adsorbent, dilution, temperature, and

pH).

3.3.2. Effect of activated carbon weight

In order to optimize the quantity of activated carbon
necessary to reach maximum discoloration of OMW, several
experiments were carried out by adding different masses of
activated carbon (from 1 to 6 g) to the effluent studied (Fig. 5).

The results of Fig. 5 show that the rate of discoloration
increases with increasing of activated carbon mass. The best
adsorption yield (89.07%) is obtained at 5.5 g/L, after a con-
tact time of 120 min.

Azzam et al. [26] also found that the concentration of
phenols decreased as the concentration of activated carbon
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Fig. 3. Point of zero charge (PZC) of activated carbon (a) and lime (b).
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Fig. 4. Influence of the nature of adsorbent on the efficiency of
OMW discoloration. (pH, = 7.6, T = 298 K, m (Activated carbon
and lime) =1 g).
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Fig. 5. Effect of activated carbon mass on the discoloration of
OMW (pH,=7.6, T =298 K).

increased. This behavior could be explained by the fact that
the more the mass of activated carbon increases, the greater
the surface offered.

3.3.3. Effect of dilution on activated carbon adsorption

Fig. 6 represents the effect of OMW concentration on the
discoloration performance. The dilution factors (DF) studied
(with distilled water) are 1, 1/2, 1/3, 1/4, and 1/5. According
to this figure, we notice that the discoloration rate increases
inversely with the concentration of OMW. The percent-
age of discoloration increases to 98.75% at a dilution factor
of 5. This finding indicates that the lower the initial concen-
tration of pollutants, the more effective the treatment.

3.3.4. Effect of temperature on activated carbon adsorption

Fig. 7 shows that the increase of temperature allows the
increase of discoloration rate of the effluent studied. This
result agrees with the findings of Dogan et al. [27] and Saleh
et al. [28] and can be explained by the fact that the tem-
perature increases the speed of diffusion of the adsorbate
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Fig. 6. Dilution effect of OMW on the discoloration kinetics by

the adsorption process on activated carbon (pH,=7.6, T=298 K,
m (Activated carbon) =5.5 g).
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Fig. 7. Effect of temperature on the discoloration efficiency
of OMW by adsorption on activated carbon (pH, = 7.6, DF = 2,
m (Activated carbon) =5.5 g).

molecules through the outer boundary layer and inside the
adsorbent particles, and this by the decrease in the viscosity
of the solution.

3.3.5. Effect of pH on activated carbon adsorption

Fig. 8 shows the evolution of the OMW discoloration rate
as a function of pH. Five pH values are tested (2, 4, 7.66, 9,
and 11).

The results show that the discoloration rate of OMW
on activated carbon is much greater at acid pH, with a
maximum yield (99.57) at pH = 2. In fact, at low pH value,
acidic media, an electrostatic attraction exists between the
positively charged surface of the nanoparticles and the
phenoxide molecules [29].

Since PZC of activated carbon studied is 8.4, so, at
acidic pH less than 8.4 the surface of the absorbent carries
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a positive charge which explains the increase of the
adsorption efficiency.

3.4. Optimization of OMW treatment using adsorption
3.4.1. Evolution of COD reduction and discoloration of OMW

The optimal treatment conditions determined previ-
ously (pH =2, T = 298 K, dilution factor = 5, m (activated
carbon) = 5.5 g) were applied for the discoloration and for
the mineralization of the OMW studied by adsorption on
activated carbon.

Fig. 9 shows the evolution of the COD reduction rate
and the discoloration of OMW over time. The reduction
rate of the COD of the solution increases regularly during
treatment. After 6 h of treatment, 92% of the COD initially
was removed and total discoloration was reached. Azzam
et al. [26] found that the maximum decrease of COD was
83%, with an activated carbon concentration of 24 g/L.
This reduction can be explained by the adsorption of a
large part of the phenolic compounds and of the organic
matter on the activated carbon.

Moreno-Castilla et al. [24] showed that adsorption
capacities of the activated carbon depend on the degree of
carbon activation, hydrophobicity of the substituents of
the phenols, and the solubility of the phenol compound
in water. Moreover, chemical heterogeneities [30,31] and
microporosity [32] of activated carbon contribute to the
sorption properties.

Therefore, in our study, the adsorption capacity grew
with the development of carbon surface area and poros-
ity, also with optimization of treatment conditions (pH, T,
dilution factor, m).
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Fig. 8. Influence of pH on discoloration efficiency of OMW
(pH, =7.6, dilution factor = 2, m (Activated carbon) =5.5 g).

Table 3

3.4.2. Adsorption isotherm

Several models are cited in the literature to describe the
experimental data of adsorption isotherms. The Langmuir
and Freundlich models are the most frequently used
[33,34].

We have used these two models are used to describe
the mode of organic matter adsorption on activated carbon
(Fig. 10). The values of different parameters calculated from
the Langmuir and Freundlich models are represented on
Table 3.

The comparison of the correlation coefficients shows
that the retention of organic matter in terms of COD fol-
lows the Freundlich isotherm, with a correlation coefficient
R? = 0.9456, which indicates that adsorption is done in a
heterogeneous way and multilayer, and that the adsorp-
tion sites have different interaction energies. This charac-
terization is not the same for all types of activated carbon
and the adsorption of organic matter follows different
paths depending on the type [26].

3.4.3. Comparison between purifying yields before and after
combined treatment of OMW by MSL ecotechnology and
adsorption on activated carbon

Table 4 represents the values of the coloration, COD,
and the polyphenols before and after each treatment used in
this study.

Polyphenols are not detected (phenols removal:
100%) in all samples of OMW treated by MSL coupled
with adsorption on activated carbon. Moreover, the final
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Fig. 9. Evolution of the COD reduction and of the discoloration
rate of OMW as a function of time by adsorption on activated
carbon (pH =2, T=298 K, DF =5, m(CA) =5.5 g).

Parameters of Langmuir and Freundlich models of the adsorption of OMW studied

Parameters of Langmuir

K, (L/mg) R?

Q. (Mg/8)

Parameters of Freundlich

K, ((mg/g)(1/mg)"") 1/n R?

46.51 0.0198 0.8435

0.70 0.9754 0.9456
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Table 4

259

Purifying yields before and after combined treatment of OMW by Multi-Soil-Layering Ecotechnology and adsorption on

activated carbon

Parameters Treatment by MSL Combined treatment by MSL and adsorption
on activated carbon
Affluent Effluent Yield (%) Affluent Effluent Yield (%)
Coloration 12.45 4.82 61.30 4.82 0.20 95.85
COD (g/L) 25.15 3.97 91 3.97 0.238 92
Polyphenols (g/L) 1.496 0.055 91.47 0.055 ND 100
80- 92% COD reduction, 100% polyphenols reduction and
almost a total discoloration of the effluent.
] e The study of the adsorption isotherm for activated car-
70 | bon indicates that adsorption is done in a heterogeneous
and multilayered way and that adsorption sites have dif-
§ ferent interaction energies.
60 ® The process of MSL combined with adsorption on acti-
o vated carbon showed high adaptability and could be
= considered as an effective solution to be adopted at an
;E-; 50 industrial scale for OMW treatment.
=
g |
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Fig. 10. OMW adsorption isotherms on activated carbon
(Temps.: 24 h, R=5.5 g/L, DF =5, pH, =7.66; T = 25°C).
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The main characteristics of the process of MSL combined
with adsorption can be summarized as follows:
* The rate of discoloration of OMW by activated carbon is
more important in comparison to lime.
The adsorption of OMW on activated carbon is more
favored at acidic pHs. The maximum discoloration rate
is obtained at pH = 2.
The optimization of treatment parameters (pH = 2,
T =298 K, DF =5, m (ativated carbon) = 5.5 g) increased
the adsorption capacity of OMW on the activated carbon:

(2]

(3]

(4]

(5]

(6]

(7]

(8]
(%1

(10]

(11]

(12]

in Olive Mill Effluents Stored in Opened Basins, International
Symposium on Olive by Products Valorization, FAO, Seville,
Spain, 1986, pp. 101-108.

S. Vitolo, L. Petarca, B. Bresci, Treatment of olive oil industry
wastes, Bioresour. Technol., 67 (1999) 129-137.

S. Sayadi, R. Ellouz, Roles of lignin peroxidase and
manganese peroxidase from Phanerochaete chrysosporium in
the decolorization of olive mill wastewaters, Appl. Environ.
Microbiol., 61 (1995) 1098-1103.

S. Sayadi, N. Allouche, M. Jaoua, F. Aloui, Detrimental effects
of high molecular-mass polyphenols on olive mill wastewater
biotreatment, Process Biochem., 35 (2000) 725-735.

M. Achak, N. Ouazzani, A Yaacoubi, L. Mandi, Caractérisation
des margines issues d’une huilerie moderne et essais de leur
traitement par coagulation-floculation par la chaux et le sulfate
d’aluminium, J. Water Sci., 21 (2008) 53-67.

A. Jaouani, M. Vanthournhout, M.J. Penninckx, Olive oil
mill wastewater purification by combination of coagulation-
flocculation and biological treatments, Environ. Technol.,
26 (2005) 633-641.

R. Sarika, N. Kalograkis, D. Mantzariros, Treatment of olive mill
effluents. Part II. Complete removal of solids direct floculation
with poly-electrolytes, Environ. Int., 31 (2005) 297-304.

E.S. Aktas, S. Imer, L. Ersoy, Characterization and lime treatment
of olive mill wastewater, Water Res., 35 (2001) 2336-2340.

I. Inan, A. Dimoglo, H. Simsek, M. Karpuzcu, Olive mill
wastewater treatment by means of electro-coagulation, Sep.
Purif. Technol., 36 (2004) 23-31.

C. Morino-Castillo, F. Carrasco-Martin, M.V. Lopez-Ramon,
M.A. Alvarez-Merino, Chemical and physical activation of olive
mill wastewater to produce activated carbons, Carbon, 39 (2001)
1415-1420.

K. Al-Mallah, M.O. Azzam, N.I. Abu-Lailm, Olive mill effluent
(OME) wastewater post-treatment using activated clay,
Sep. Purif. Technol., 20 (2000) 225-234.

A. Al-Bsoul, M. Al-Shannag, M. Tawalbeh, A. Al-Taani, A. Lafi,
W. Al-Othman, M. Alsheyab, Optimal conditions for olive
mill wastewater treatment using ultrasound and advanced
oxidation processes, Sci. Total Environ. 700 (2020) 134576,
doi: 10.1016/j.scitotenv.2019.134576.



260

[13]

[14]

[13]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

A. Ait-Hmane et al. / Desalination and Water Treatment 233 (2021) 253-260

G. Hodaifa, A. Malvis, M. Maaitah, S. Sanchez, Combination of
physicochemical operations and algal cultureasanew bioprocess
for olive mill wastewater treatment, Biomass Bioenergy,
138 (2020) 105603, doi: 10.1016/j.biombioe.2020.105603.

T. Wakatsuki, H. Esumi, S. Omura, High performance and N &
P removable on-site domestic waste water treatment system by
multi-soil-layering method, Water Sci. Technol., 27 (1993) 31-40.
L. Latrach, N. Ouazzani, T. Masunaga, A. Hejjaj, K. Bouhoum,
M. Mahi, L. Mandi, Domestic wastewater disinfection by
combined treatment using multi-soil-layering system and sand
filters (MSL-SF): a laboratory pilot study, Ecol. Eng., 91 (2016)
294-301.

A. Ait-Hmane, N. Ouazzani, L. Latrach, A. Hejjaj, A. Assabbane,
M. Belkouadssi, L. Mandi, Feasibility of olive mill wastewater
treatment by multi-soil-layering ecotechnology, J. Mater.
Environ. Sci., 9 (2018) 1223-1233.

AFNOR, Collection of French Standard: Water, Testing
Methods, 2nd ed., Paris, 1983, p. 621.

American Public Health Association (APHA), Standard
Methods for Analysis of Waste and Waste Water, APHA. Pub.,
18th ed., Washington, DC, 1992.

J.J. Macheix, A. Fleuriet, J.A. Billo, Boca Raton Florida, CRC
Press Inc., Boca Raton, 1990.

S. Brunauer, PH. Emmet, E. Teller, Adsorption of gases in
multimolecular layers, J. Am. Chem. Soc., 60 (1938) 309-319.

A. Mekki, A. Dhouib, S. Sayadi, Polyphenols dynamics and
phytotoxicity in a soil amended by olive mill wastewaters,
Environ. Manage., 84 (2007) 134-140.

C.a. Ramos, Proc. International Symposium on Olive by
Products Valorisation, FAO, Undp, Sevilla-Spain, 1986.

N. Assas, L. Ayed, L. Marouani, M. Hamdi, Decolorization of
fresh and stored-black olive mill wastewaters by Geotrichum
candidum, Process Biochem., 38 (2002) 363-365.

C. Moreno-Castilla, J. Rivera-Utrilla, M.V. Lopez-Ramon,
F. Carrasco-Marin, Adsorption of some substituted phenols on
activated carbons from a bituminous coal, Carbon, 33 (1995)
845-851.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

P. Galiatsatou, M. Metaxas, D. Arapoglu, V. Kasselouri-
Rigolopoulou, Treatment of olive mill waste water with
activated carbons from agricultural by-products, Waste
Manage., 22 (2002) 803-812.

M. Azzam, I. Kamal, I. Nehal, Dynamic post-treatment response
of olive mill effluent wastewater using activated carbon,
J. Environ. Sci. Health. Part A, 39 (2004) 269-280.

M. Dogan, M. Alkan, O. Demiaabas, Y. Ozedemie, C. Osemetin,
Adsorption kinetics of maxilon blue GRL onto sepiolite from
aqueous solution, Chem. Eng. Sci., 124 (2006) 89-101.

M.A. Salleh, D.K. Mahmoud, W.A. Karim, A. Idris, Cationic
and anionic dye adsorption by agricultural solid wastes:
a comprehensive review, Desalination, 280 (2011) 1-13.

AB. Clifford, L. Sepulveda, Hydrophobic and coulombic
interactions in the micellar binding of phenols and phenoxide
ions, J. Phys. Chem., 83 (1979) 680-683.

K. La’szlo, P. Podkos'Cienly, A. Dabrowski, Heterogeneity
of polymer-based active carbons in adsorption of aqueous
solutions of phenol and 2,34-trichlorophenol, Langmuir,
19 (2003) 5287-5294.

P. Podkos'Cienly, Da. A. Browski, O.V. Marijuk, Heterogeneity
of active carbons in adsorption of phenol aqueous solutions,
Appl. Surf. Sci., 205 (2003) 297-303.

RS, Juang, RL. Tseng, F.C, Wu, Role of microporosity of
activated carbons on their adsorption abilities for phenols and
dyes, Adsorption, 7 (2001) 65-72.

I. Langmiur, The adsorption of gases on plane surfaces of
glass, mica and platinum, ACS, 9 (1918) 1361-1403.

H. Freundlech, Over the adsorption in solution, Phys. Chem.,
57 (1906) 385-471.

S. Khattabi Rifi, A. Aguelmous, L. El Fels, M. Hafidi, S. Souabi,
Effectiveness assessment of olive mill wastewater treatment
by combined process: natural flotation and anaerobic-aerobic
biodegradation, Water Environ., (2021), doi: 10.1111/wej.12689.



