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Abstract

This work aims to treat olive mill wastewater (OMWW) by infiltration percolation in different columns containing filtra-
tion sand, granular activated carbon, and lime, and thus followed by biological treatment using the soil microorganisms
to the treatment that will give the best results. The optimum removal efficiency was obtained using granular activated
carbon column mixed with 15% of lime with percentages removal of 39.33, 60.28, 53.17 and 88.74% for biological oxygen
demand (BOD5), chemical oxygen demand (COD), polyphenols and suspended matter respectively. Aerobic treatment
30 days of OMWW obtained from the column of activated carbon mixed with 15% of lime, neutralized and diluted 15
times with distilled water was investigated. The results showed a significant percentage reduction of 79.78, 69.43, and
60.67%, respectively, for BOD5, COD, and polyphenols. The global removal percentages after the two successive treat-
ments were 87.86% for COD, 87.39% for BOD5 and 81.59% for polyphenols compounds. Fourier Transformed Infrared
spectroscopy analysis of crude OMWW, infiltrated percolated and biologically treated, showed a difference between the
spectra that manifests by the reduction of the spectrum intensity bands after each treatment stage, which confirmed the
analytical results. Soil microorganisms have shown their biodegradation efficiency of organic matter and polyphenols
of these much-polluted effluents under aerobic conditions. The results indicated that the pretreatment of raw olive mill
wastewater could be realized before biological treatment to obtain a satisfactory reduction.

Keywords Olive mill wastewater - Infiltration percolation - Biological treatment - Fourier transformed infrared
spectroscopy (FTIR)

1 Introduction

Olive mill wastewater (OMWW) is smelly wastewater that
poses severe problems for aquatic and environmental sys-
tems. In the Mediterranean regions which produce about
97% of the worldwide olive oils, OMWW production was
estimated at 30 million m3 per year [1]. Morocco is among
the Mediterranean countries most producing olive oil. This
industry, so beneficial for the national economy, gener-
ates liquid discharges pollution to the environment. The

quantities of OMWW generated in Morocco (the sixth
largest producer of olive oil in the world) are estimated
at more than 250,000 m3 per year [2]. The principal waste
produced by the olive industry is olive mill wastewater
(OMWW). Olive oil extraction by different technics gen-
erates a significant amount of both solid (olive pomace)
and liquid by-products (olive mill wastewater) during olive
harvesting season, generally from November to March [3].

The extraction method, climatic conditions, olive
cultivar and characteristics of the fruit are the principal
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responsible factors of OMWW characteristic differences [4].
The high-level quantities of OMWW (ranging from 0.5 to
1.5 m3 per ton of olives) arising from olive oil extraction,
has increased attention in treating or reducing pollution
caused by this liquid by-product [5]. OMWW were con-
tained of water (83-92%), organic compounds (4-16%),
and inorganic chemicals (1-2%) [6], furthermore, it con-
stitutes about 100-150 times greater contaminants than
domestic wastewater [7] with high content of chemical
oxygen demand (COD) up to 220 g/L and important bio-
chemical oxygen demand (BOD) up to 100 g/L [5]. This
shows the high oxygen demand for the complete oxida-
tion of the organic matter contained in these effluents,
which reflects their very high polluting powers.

Olive polyphenols during extraction processes of oil are
partitioned between the water phase and the oil phase;
however, the major fraction is missing in the wastewater
from the fact that they are water-soluble substrates of
high polarity, only 2% is passed in the oil, 53% and 45%
approximately of the rest is lost in the olive mill waste-
water and the pomace respectively [8]. The polyphenols
content in OMWW varies from 5 to 25 g/L [9]. Indeed,
olive mill wastewaters are not easily biodegradable due
to their high chemical and biochemical oxygen demand,
their high contents in phenolic compounds, high ratio
C/N and low pH, leading consequently to major dangers
to environment system related to the contamination of
soil, pollution of water bodies, obstruction and inhibition
of plants growing, leaks to the groundwater, inhibition of
auto purification processes, as well as phytotoxic impacts
to aquatic fauna and to ecological equilibria and powerful
odor nuisance have been reported so far [10, 11].

Discharge of untreated wastewater to the environment
may not only cause adverse effects to human beings and
the ecosystem, but it may also cause difficulty during con-
ventional water treatment. To ensure that clean and safe
water is supplied to the community, conventional water
treatment processes are employed to reduce the level of
contaminants found in water. Water treatment is a process
of reducing the level of contaminants found in water to
acceptable levels which are not harmful to living organ-
isms and their environment [12-14]. Conventional water
treatment methods are employed by water treatment utili-
ties to reduce the level of contaminants found in water and
supply clean water which is safe for potable use and dis-
posal to the environment [15].

The high toxic effect of OMWW is principally due to the
presence of high concentrations of total phenolic com-
pounds (TPCs) and residual fatty matter. Many of phenolic
compounds (PCs) are toxic to animal and vegetable organ-
isms, they can be persistent and bioaccumulative, espe-
cially chlorinated forms might be dangerous to human
health [16].
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The treatment of olive mill wastewater has been investi-
gated by many researchers, using several treatment tech-
niques to remove contaminants from this wastewater.
Among these processes, there are lagooning or natural
evaporation and thermal concentration [17], composting
[18], treatments with clay [19], coagulation-flocculation
[20], electrocoagulation [21], and Fenton’s reaction [22].
Some authors such as Scoma et al. [23] studied the use of
the Physico-chemical and biological approach as a tech-
nique for the recovery and treatment of OMWW. Coupling
physicochemical and biological processes have received
a lot of attention in recent years as a promising treat-
ment alternative for effluents that are too toxic to treat
biologically. All of these methods proposed by these sev-
eral researchers are not yet led to completely satisfactory
results in treatment of this black liquid, for this reason, our
work is aimed at investigating the efficiency and feasibility
of olive mill wastewater treatment by infiltration perco-
lation in column followed by biological treatment using
soil microorganisms under aerobic conditions in order to
evaluate the possibility of reusing Olive Mill Wastewater.
The capacity of removing the phenolic compounds, BOD;,
COD and suspended matter will be evaluated.

2 Materials and methods
2.1 Sampling and origin of olive mill wastewater

Olive mill wastewater (OMWW) in this study was collected
in January 2018 from an olive extraction plant that used a
traditional process located in Beni Mellal area (Morocco)
(Fig. 1). No chemical additives were used during olive oil
production. OMWW was transported in 5 L bottles and
stored in a dark place at an approximate temperature of
4 °C until required for analysis.

2.2 Analytical methods

The OMWW was characterized by the following param-
eters: Potential hydrogen (pH), electrical conductivity
(EC), chemical oxygen demand (COD), biological oxygen
demand (BODy), suspended matter (SM) and polyphenols.
EC was determined by a conductivimeter ADWA AD3000,
pH was measured by a pH meter HANNA HI2211, SM and
COD were quantified according to Rejesek [24], BOD,,
it was measured according to Rodier [25], and the poly-
phenols were evaluated using Folin—-Ciocalteu assay as
described by Atanassovaa et al. [26]. The different physico-
chemical parameters in our work are measured before and
after each treatment of OMWW to show the difference in
load, decrease or increase of each parameter studied and
the effectiveness of the treatment used. The characteristics
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Fig. 1 Map of Beni Mellal area including the sampling station for the olive mill wastewater

Table 1 Characteristics of filtration sand

Table 3 The content of each column

Size 0.95 mm

Grains form Rolled river

Acid loss <2% in weight
Density of grains >24

Quality Non-friable material
Sand property Washed sand
Percentage of pure silica >80%

Fire loss at 800 °C <1%

Table 2 Characteristics of granular activated carbon

Effective size 0.8-1 mm

Ash content <13%

Acid soluble ash <8%

Apparent density (backwash and 475 +25 kg/m?

drained)

Moisture (as packed) <5%

Uniformity coefficient <17

Origin Produced from bitumi-
nous coal by steam
activation

of filtration sand and granular activated carbon (AC) are
presented in Tables 1 and 2, respectively.

Column Content

T Granular AC

T2 Granular AC mixed with 5% of lime

T3 Granular AC mixed with 10% of lime
T4 Granular AC mixed with 15% of lime
T5 Filtration sand

T6 Filtration sand mixed with 5% of lime
T7 Filtration sand mixed with 10% of lime
T8 Filtration sand mixed with 15% of lime

2.3 Experimental procedure
2.3.1 Treatment by infiltration percolation

Two successive treatments were used for treating olive
mill wastewater, the first one is physicochemical by infil-
tration percolation using eight different columns, and
the second is biological treatment by soil microorgan-
isms under aerobic conditions. The experimental pro-
cedure for the first treatment consists of opaque eight
PVC columns (8), 5 cm in diameter and 60 cm height.
The PVC columns are filled with filtration sand, granular
AC, filtration sand mixed with lime powder and granular
AC mixed with lime powder as showed in Table 3. For
the columns mixed with lime powder, 5 cm of filtration
sand or granular AC in the top and the bottom of each
column. The alimentation is the same for all columns.
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2.3.2 Biological treatment

For the biological treatment, it was realized in a reactor
under aerobic conditions. The total volume treated is
1500 mL diluted 15 times with distilled water and neu-
tralized with H,SO, (0.1 N).

2.4 Soil sampling and microbiological soil analysis

The used soil for treatment has been taken from the top
layer (10-30 cm) of a clay texture parcel in the Beni Mel-
lal area. The sample was collected into sterile bottles for
microbiological analysis and transported immediately in
thermos-cool boxes (at 4 °C) with care in fast delays to the
laboratory. The ideal is to work on fresh soil or stored in
a refrigerator (4 °C). Drying of samples kills some of the
microflora and makes it impossible to determine micro-
bial biomass and also water stress can disrupt biological
measurements [27]. The sample was then sieved to 5 mm
in order to remove the rude elements and organic debris.
Before use, the soil samples were sieved again to 2 mm.
The characteristics of soil used for biological treatment
are presented in the following table (Table 4) [28]. The soil
sample destined to microbiological analysis were taken in
sterile flasks and transported immediately, using thermos-
cool boxes (at 4 °C) and in the dark to ensure permanent
sample at a temperature between 0 and 4 °C in order to
block the multiplication of bacteria already present in the
sail.

The preparation is made from a suspension of 1 g of sail
in 9 mL of peptone water. The suspension is subsequently
stirred manually in order to release the maximum of the
microbial load. Dilutions of soil sample studied were per-
formed in peptone water and varied from 107" to 107. The
isolation and enumeration of bacteria reflecting hygienic
degrees such as Total Aerobic Flora, Total Coliforms, Fecal
Coliforms, yeasts, and molds, were carried out according
to international standards [29, 30].

2.4.1 Bacteria enumeration
The non-selective culture medium Plate Count Agar (PCA)
was used for counting of Total Aerobic Flora (the incuba-

tion conditions were 72 h at 30 °C). Moreover, the Des-
oxycholate Lactose Agar (DLA, Oxoid, England), a selective

Table 4 Analysis results of soil quality indicators

Soildepth pH  CEC(Cmol/ OC(%) Clayandsilt Salinity
kg) (%) (dS/m)
0-30cm 8.50 2840 1.40 68.50 1.12

CEC (C mol/kg) cation exchange capacity, OC (%) organic carbon
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medium for the detection of Enterobacteriaceae was used
for enumeration of coliforms (the incubation was operated
during 48 h at 37 °C for Total Coliforms and 44 °C for Fecal
Coliforms) [30].

2.4.2 Enumeration of fungal flora

For this aim, we incubated a selected sample in Potato
Dextrose Agar Medium (PDA, Merck, England) during 72 h
at 25 °C for yeasts and 6-7 days for molds [30].

2.4.3 Microbiological results

The analysis of the microbiological results found for soil
analysis used in this study showed that the soil utilized for
the olive mill wastewater treatment was contaminated but
at less level. Indeed, the enumeration of Fecal Coliforms
(FC), Total Coliforms (TC) and Total Aerobic Flora (TAF), in
soil sample from Beni Mellal region, showed average val-
ues of 4.2x 103, 3.25x 10% 1.75x 10% UFC/g (per gram of
soil), respectively for FC, TC and TAF. Moreover, the enu-
meration of Yeast and Molds showed the following values:
14x10° and 17 x 10* UFC/g, respectively.

2.5 Statistical analysis

In the present work, data statistical treatments were per-
formed by using the Microsoft Office Excel 2007, and
Minitab 17 software packages.

Our analytical results were subjected to statistical analy-
sis by one-way analysis of variance (ANOVA) (a <0.05) fol-
lowed by the Tukey test for multiple-comparison using
Minitab 17 software package.

2.6 Infrared analysis

Infrared spectra were registered using the apparatus
PerkinElmer spectrum, Version 10.5.1 equipped with an
attenuated total reflectance accessory with DTGS detec-
tor, Globar (MIR) Source and KBr Germanium separator.
The acquisition conditions of the spectra are as follows:
acquisition in attenuated total reflection, spectral range
from 4000 cm™" to 400 cm™', resolution 4 cm™', and 4 scan
accumulations. The data were processed with the Perki-
nElmer software.
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3 Results and discussion

3.1 Characterization of the olive mill wastewater
used for treatment

The characteristics of the investigated raw OMWW are
summarized in Table 5. As can be seen from Table 5, the
analysis results of the raw olive mill wastewater studied
shows high values of all parameters measured and fol-
lowed during this study. The raw OMWW has shown an
acidic pH (4.81). The pH value recorded in our study is in
the range (between 4.2 and 5.9) cited in the literature [31].
It has also a high electrical conductivity value (EC=15.94
mS/cm), this value reflects the high content of salts pre-
sent in these effluents, which give it high values of electri-
cal conductivity. Moreover, the pollutant load expressed
in terms of chemical oxygen demand (COD) and bio-
logical oxygen demand (BOD;) has been in the order of
227.33 g/L and 46.4 g/L respectively. The COD and BOD;
content are very high compared to that recorded in other
types of rejects.

This shows the high oxygen demand for the complete
oxidation of the organic matter contained in these efflu-
ents, which reflects their very high polluting powers. Thus,
this COD and BOD; contents in the OMWW investigated is
very high compared to that recorded in other types of dis-
charges, these values are 200-400 times higher than those

of municipal wastewater [32]. Indeed, the COD does not
exceed 4.02 g/L in abattoir effluents, which are considered
to be the main discharges of a dominant organic nature
[33]. OMWW studied are very rich in suspended matter,
their content is 29.25 g/L. These discharges are also char-
acterized by the predominance of toxic substances, in par-
ticular, polyphenols (11.41 g/L), explained by dark color of
OMWW studied which gives them an antimicrobial effect
[34]. The investigated OMWW has shown relatively high
contents of phenolic compounds (11.41 g/L), which has
been significantly higher than the results cited by [35, 45]
and which have been as values in the range of 1 and 3 g/L.
In fact, OMWW phenolic compounds are the components
that constitute the major origin of its effect and its toxicity
[36, 37]. The OMWW under study is highly loaded mainly
in organic matter and phenolic compounds; it's the reason
to treat this liquid wastewater that represents a liquid can
damage environment systems. The following table, shows
the chemical substances of both solid (olive pomace) and
liquid by-products (olive mill wastewater) (Table 6).

3.2 Treatment of raw olive mill wastewater
by infiltration percolation in the column

All treatments are realized with the same flow of raw olive
mill wastewater. The global results are presented in Table 7.

Table 5 Olive mill

. . Para meter pH
wastewaters physicochemical

EC (mS/cm)

SM (g/L) COD (g/L) BOD; (g/L) Polyphenols (g/L)

characteristics

Value 481 16.79

29.25 227.33 46.40 11.41

Table 6 Chemical composition

. Chemical composition of OMWW Value (g/100 g) Chemical composition of  Fraction

of OMWW [38] and olive olive pomace

pomace [39]
Water 83-94 Crude protein 5.2%
Organic compounds 4-18 Crude fiber 57.5%
Inorganic compounds 0.4-2.5 Crude fat 3.2%
Total solids 3.2-30 Soluble carbohydrate 20.7%
Fats and oils 0.03-1.1 Ash 13%
Sugars 1-4.7 Lignin 38.2%
Carbohydrates 2-8 Calcium 2.3%
Pectin 1-1.5 Phosphorus 0.3%
Phenolic compounds 0.6-4.0 Potassium 1.1 mg/kg
Nitrogen 0.58-2 Magnesium 10 mg/kg
Potassium 0.3-0.9 Copper 14.2 mg/kg
Phosphorus 0.06-0.32 Zink 97.2 mg/kg
Calcium 0.32-0.53
Sodium 0.04-0.48
Magnesium 0.06-0.22
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Table 7 Physicochemical

characteristics of OMWW after OMWW type pH EC (mS/cm) SM (g/L) COD (g/L) I(:)/Iﬁl)phenols BOD; (g/L)

infiltration percolation
Raw OMWW 4.81 16.79 29.95 227.33 11.41 46.4
T1 6.40 18.57 2.34 150.72 8.48 37.85
T2 6.95 18.78 3.09 132.48 6.67 33.80
T3 8.91 19.23 3.10 110.00 5.55 30.00
T4 9.13 19.27 3.37 90.29 5.34 28.15
T5 6.14 17.42 3.14 170.16 9.64 41.55
T6 7.92 18.19 3.61 160.6 8.16 37.25
T7 9.20 19.20 4.29 147.19 6.79 35.84
T8 10.90 21.60 4.87 134.78 5.98 35.15

3.2.1 Potential hydrogen, electrical conductivity
and suspended matter

The results obtained from the OMWW treatment by infil-
tration percolation in different columns are summarized
in Table 7. These treatments were used for the first time
to estimate the effectiveness of treatment by infiltration
percolation using different columns of filtration sand and
granular AC alone and mixed with different proportions
of lime powder. The pH evolution shows an increase in
pH value from an acidic pH (4.81) to pH near to neutrality
when treatment of raw OMWW is realized only by filtration
sand (6.14) or granular AC (6.40).

When the treatment performed by filtration sand or
granular AC is mixed with different proportions of lime
powder as showed in Table 3, the pH increases from acidic
pH 4.81 to alkaline pH. A significant increase of OMWW pH
has been observed with the increase of the doses added
of lime. According to the pH values measured after the
filtration of the OMWW through the different columns
containing the different percentages of lime as shown in
Table 3, the pH values increase with the increase of the
added powdered lime to reach maximum values of 9.13
for the column of granular AC mixed with 15% of lime (T4),
and 10.90 for the column of filtration sand mixed with 15%
of lime (T8). The OMWW undergo different treatment pro-
cesses during their passage through different columns
used may be caused the ionic exchange in the columns
and also the transformation of organic matter into mineral
matter hence the achievement of an alkaline pH. On the
other hand, this increase in pH values with an increase in
the proportion of lime is due to the alkaline power of the
lime to obtain an alkaline pH. In general pH evolution after
all treatments are due to the increase in proportion of lime
powder added. Consequently, the addition of lime to the
column allowed the increase of the initial acidic pH (4.81)
to an alkaline pH (superior to 7).

As shown in Table 7, the EC result of raw OMWW is 16.79
mS/cm, and after treatment by infiltration percolation, the
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EC values for all OMWW obtained in different columns
increased to achieve high values of 19.27 mS/cm and 21.60
mS/cm for OMWW treated by granular AC column mixed
with lime, and filtration sand column mixed with lime
respectively. For sand or granular AC mixed with lime, the
increase in electrical conductivity values is much greater,
reflecting the richness of these effluents, after their infiltra-
tion in column, in dissolved ions and minerals, particularly
those originating from lime (Ca"), this increase can also
related to the leaching of sand minerals and the minerali-
zation of organic matter.

The suspended matter is made up of fine particles.
It's an index of pollution. It is formed by debris, miner-
als, organic and inorganic matter, therefore it can make
liquid more turbid. The suspended matter is substan-
tially reduced after infiltration percolation phenom-
enon through all columns (T1-T8). The SM decreases
from 29.95 g/L content in raw OMWW to a minimum
value of 2.34 g/L obtained for T1. As observed in Fig. 2,
the removal efficiency of suspended matter obtained
after infiltration percolation in all columns is high for
columns of granular AC and filtration sand without add-
ing lime. The addition of lime powder to each column
as presented in Table 3 causes a weak decrease of SM
content when the proportion of lime powder added

100
- @sM

80 8COoD
70
60
50
40
30
20
10

#Polyphenols
=BOD5

Removal (%)

T4 T5 T6 T7 T8
Columns

Fig.2 Percent removal of suspended matter, COD, BOD;, and poly-
phenols, at level of each column
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increases. The high removal percentages of suspended
matter after infiltration percolation are explained by the
fact that AC and sand are wastewater filtration materials
that can remove suspended matter by adsorption and
filtration, due to their microporous structures. Thus, the
efficiency of sand and granular AC in retaining parti-
cles is explained thus by the bonding of substances in
OMWW to their surfaces and increases their size.

3.2.2 Biological oxygen demand and chemical oxygen
demand

The analysis of OMWW after infiltration percolation
showed that the biological oxygen demand content
decreases notably after their passage through all col-
umns. Figure 2 shows that the maximum attainable
percentage removal of biological oxygen demand was
around 39.33% at the T4 level, the minimum percentage
removal of BOD; is observed at T5 with 10.45% under
the investigated experimental conditions, using differ-
ent columns of filtration sand and granular AC without
and with powder lime as represented in Table 3. The
chemical oxygen demand (COD) presents an index for
wastewater pollution, especially for OMWW. The analy-
sis of COD concentration before and after treatment
of OMWW through different columns indicates a sig-
nificant reduction in all the columns, it decreases from
227.33 to 90.29 g/L (T4). After infiltration percolation
o raw olive mill wastewater, the reduction is generally
varying between 25.15 and 60.28 for T5 and T4 respec-
tively. As shown in Fig. 2 the percent removal increases
when the proportion of powder lime increases at level
of each column. The minimum values are observed in T1
and T5 whenever the treatment is realized without add-
ing lime powder. The results showed a variable response
depending on the type of material utilized in the treat-
ment and on the quantities and proportions of the lime
added.

The reduction in COD and BOD; is mainly due to the
adsorption of high molecular weight of organic mole-
cules present in the olive mill wastewater on the surface
of the sand and the granular AC during the infiltration
percolation phenomenon on the different columns. The
removal of BOD; and COD content, which increases as
the amount of lime increases, is thus achieved by the
additional effect of lime by adsorption of organic matter
on the surface of the lime particles during treatment in
the presence of Ca(OH),, which traps and absorbs the
dissolved organic matter. This treatment procedure
shows that lime powder is a factor giving amelioration
to reduction of BOD5 and COD.

3.2.3 Polyphenols

During the extraction process of olive oil, polyphenols
concentration in olive is divided between the olive mill
wastewater and the oil produced; nevertheless, the impor-
tant fraction is missing in the liquid phase (OMWW) due
to the fact that they are water-soluble substrates of high
polarity [8]. The amount of polyphenols in the OMWW is
ranges from 5 to 25 g/L [9]. The black color is due to poly-
phenol compounds with high molecular weight persisted
[40].

Table 7 shows the analysis of all parameters after and
before treatment by infiltration percolation, the concen-
tration of polyphenols decreases from one column to
another and according to the proportion of lime added.
The contents vary between the initial value of 11.41 g/L
(crude OMWW) and 5.34 g/L obtained from T4. Figure 2
shows that the maximum attainable percentage of poly-
phenols removal was about 53.17% (T4) and the minimum
percentage removal is observed at T5 with 15.43% under
the investigated experimental conditions of each column
as shown in Table 3. The concentration of polyphenols
through each column decreases when the percentage of
powder lime increases. These satisfactory results can be
explained by the addition of lime for each column, and
the latter causes higher adsorption and removal percent-
ages of polyphenols on the surface of the substrate used
in this step of treatment. Lime (Ca0) is often used for water
treatment for its availability and effectiveness. In the other
hand, their use for treatment leads to the transformation
of phenols to phenates with the formation of C;H;O™ ions
[41]. These anions (phenates) formed in presence of lime
during treatment can combine with the cations present
in the columns and then the formation of large molecules
that will adsorb to the surface of sand or granular AC, con-
sequently the reduction of polyphenols compounds in the
olive mill wastewater increases. The polyphenols obtained
after treatment lose a large part of their antibacterial effi-
cacy and biological activity can, therefore, be initiated
[42]. It has been widely described that polyphenols are the
main antibacterial compounds in the olive mill wastewater
[43, 44]. The infiltration percolation is very suitable for pre-
treatment as physicochemical step to treat and decrease
the amount (content) of each physicochemical parameter.

The results of different treatments by infiltration per-
colation (Table 7) show that all this protocols give satis-
factory reductions of all parameters studied, this removal
efficiency of the different physicochemical parameters
increase with the augmentation of lime powder amount
added to each column to conclude that infiltration perco-
lation using filtration sand mixed with lime and granular
AC mixed with lime as pretreatment is an important and
simple method has yielded significant results with low
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cost for treatment of this highly charged wastewater. In
general, the results (Fig. 2) suggest that the high percent-
ages removal of each parameter is directly related to the
amount of lime added during treatment protocols.

The second step is to perform a biological treatment
using soil microorganisms under aerobic conditions to
the OMWW from the column that provided satisfactory
results in terms of the abatement percentages (removal
efficiency) of the different physicochemical parameters
studied. To compare the effectiveness of different col-
umns used in this part of study, and better understand
the difference between the obtained results, we used the
statistical analysis. After the single-variable ANOVA sta-
tistical analysis and the application of the Tukey test for
a<0.05 (Table 8), it is found that the treatment T4 yielded
the best results as presented in Table 7 and leads to having
the best reduction of the different measured parameters.
The obtained olive mill wastewater treated by column 4
(T4) was subjected to the next step that is the biological
treatment by the soil microorganisms.

3.3 Global results of each physicochemical
parameter with time during biological
treatment

The biological treatment of olive mill wastewater from

be necessary, it favored microbial activity and hence the
degradation of polyphenols and also of other compounds,
for this reason, the dilution and neutralization are required,
the latter is performed. Due to the low or high pH values,
biological treatment of OMWW is limited by the need for
micro-organisms able to grow at acidic or high alkaline pH.
The monitoring of the physicochemical parameters stud-
ied was done every 4 days and the results after 30 days are
presented in Table 9. The percentage reduction as a func-
tion of time of each three physicochemical parameters is
summarized in Fig. 3.

Results have shown that the biological treatment of
olive mill wastewater by soil microorganisms has induced
a clear increase in the pH and electrical conductivity values
and a decrease of the other chemical parameters. Poten-
tial hydrogen (pH) of the OMWW before treatment was
neutral (7.04) but during the treatment its value increases
over time to a final value of 9.14 recorded after the treat-
ment time which is 30 days. The almost similar results are
obtained by Hamdi et al. [47], who also noted an increase
in pH during the biodegradation of organic matter in
OMWW by soil microorganisms. The increase in pH values

Table 9 Global results obtained during biological treatment

Treatment pH  EC(uS/cm) BOD;(g/L) COD (g/L) Polyphe-
T4 was performed 30 days under aerobic conditions by time (days) nols (g/L)
following the changes of some physicochemical param-
eters. Before starting treatment, the olive mill wastewater 0 7.04 1075 2815 9029 >34
under study is diluted 15 times with distilled water and 4 7.73 1694 25.75 635 4.16
neutralized with H,SO,. Several reports indicated that dilu- 8 8.27 1713 2145 >34 384
tion of olive mill wastewater was essential to reduce the 12 851 1765 20.74 4.1 3.14
initial organic load and the polyphenols prior to biologi- 16 8.80 1831 14.77 402 2.89
cal treatment to facilitate the organic matter degradation 20 8.87 1884 915 372 2.76
[45]. El Hajjouji et al. [46] have shown that during biologi- 24 9.01 1911 6.67 306 2.25
cal treatment of olive mill wastewater, pH correction may 30 214 1938 >85 276 210
infiltration percolation SM coD Polyphenols BOD,
T 92.19+0.31* 33.70+1.70°F 25.65+1.80° 18.43+0.62°
T2 89.68+0.62"8 41.72+0.22° 41,50+0.555¢ 27.15+2.18"
T3 89.63+0.58"8 51.61+0.028 51.30+0.574 35.34+0.89"
T4 88.74+0.675C 60.28+1.86" 53.17+1.56" 39.33+1.32%
T5 89.51+0.91"8 25.15+1.97F 15.43+1.86" 10.45+1.58F
T6 87.95+0.805C 29.32+1.57% 28.51+1.41° 19.72+0.03P
T7 85.69+0.36P 35.25+0.52° 40.42+1.46° 22.74+1.478P
T8 83.72+1.46° 40.71+1.22° 4755425178 24.24+1 465
Pvalue 0.000 0.000 0.000 0.000
Standard error 0.79 1.34 1.58 1.34

Different letters in the same column indicate significant differences at Tukey test. The letter A corre-

sponds to the highest value
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Fig.3 Percent removal of COD, BOD;, and polyphenols during bio-
logical treatment

during treatment may be attributed in part to the high
reduction in polyphenols contents and relatively mod-
erate reductions in organic matter (as showed by lower
COD concentrations) of which organic acids were consid-
ered to be major components [48]. Electrical conductivity
is closely related to the concentration of dissolved sub-
stances and their nature. In the case of raw OMWW, the
values of this conductivity vary between 18 and 50 mS/cm
[49]. In our case of biological treatment, we can see that
the EC values increase with the increase in treatment time;
this can be explained by the transformation of the organic
matter into mineral matter and therefore the increase in
the EC values. This transformation is carried out by the
degradation of organic matter into mineral matter by soil
microorganisms and thus the increase in electrical con-
ductivity. It reflects the amount of mineral matter present
in the solution under treatment.

Figure 3 represents the results obtained as a percent-
age reduction of three parameters such as BOD5, COD, and
polyphenols as a function of time. The results show that
only after 4 days of treatment the removal efficiency of
each parameter are 8.53,22.10 and 29.67% for BOD;, poly-
phenols, and COD respectively, and when the treatment
time increases and after 20 days the percentage reduction
of BOD; reached higher values than at the beginning of
treatment and more than the other parameters to reach
a final value of 79.78% higher than 69.43 and 60.67%
obtained for COD and polyphenols respectively after
30 days of treatment.

In conditions of neutral pH, phenols become trans-
formed into phenates, reducing and losing part of their
antimicrobial activity and become suitable for use as a car-
bon source for microbial activity [50], and facilitating their
metabolization by microorganisms. Also, the drop in COD,
BOD;, and polyphenols resulted from the degradation of
organic matter by the microorganisms which use the car-
bon as an energy source during treatment processes [50,
511.

The neutralization of the pH has a positive effect on the
degradation of phenols and organic matter by microor-
ganisms, with a drop that reached about 79.78, 69.43 and
60.67% for BOD;, COD, and polyphenols respectively. The
abatement of phenolic compounds would be related to
the greatest activity of the aerobic microorganisms of the
soil which seems to be responsible for the degradation of
the phenolic compounds in this step of olive mill wastewa-
ter treatment. These elevated amounts of organic matter
and polyphenols degradation may be due to the impact
of aeration.

Spectra of olive mill wastewater at different stages of
treatment are used in this work to illustrate and show
the effectiveness of each treatment and confirm our
obtained analytical results of each treatment step of this
black wastewater. The primary role of Fourier Transformed
Infrared Spectroscopy (FTIR) uses being to assist in the
identification and structural elucidation of organic com-
pounds. The mid-infrared (MIR) spectrum examination of
the raw OMWW is clearly indicating a number of bands
on the spectrum (Fig. 4a). The analysis showed a large and
intense band at 3280 cm™" which represents the observed
O-H [52] elongation for phenols, alcohols and carboxylic
groups. The band located at about 2918 cm™" with lower
intensity is assigned to C-H stretching vibration in ali-
phatic structures (fatty acids, waxes, and various aliphat-
ics). At almost 1744 cm™ there is a weak band characteris-
tic for C=0 stretching vibrations in esters, carboxyl COOH,
and ketone groups. At 1540-1570 cm™' there is an N-H
vibrations deformation in secondary amides. The band
around 1382 cm™, is due to symmetrical ~CHj stretching
vibrations. The bands at 900-1300 cm™' represents vibra-
tions of C-H and deformation of OH functions, carboxyls,
C-0 of ethers on aromatic rings and N-H of secondary
amides. These two other spectra (Fig. 4b, c) were obtained
after different steps during treatment processes; first one
(spectrum b) after infiltration percolation (T4) and the
second spectrum is performed after biological treatment
(Fig. 4c).

According to the infrared spectra of the OMWW after
each treatment, it well seen that almost the same bands
for all spectra with nearly disappearing of some small
bands but with different intensities, the relative intensity
of all bands decreases from one treatment to another,
it showed by the reduction in all peak (band) intensity
(decrease in the concentration of the compounds forming
olive mill wastewater after each treatment step). Fourier
Transformed Infrared spectroscopy showed the differences
in intensity between the spectrum of the raw OMWW and
that obtained after infiltration percolation (T4) and after
biological treatment. It can be concluded that the FTIR, is a
fast method that can confirm our analytical results in terms
of percentage reductions in physicochemical parameters
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Fig.4 FTIR-ATR spectra of powdered OMWW samples for aw OMWW (a), from T4 (b) and after biological treatment (c)

studied and show the differences between spectra from
one treatment to another.

The total reduction of the parameters after the two suc-
cessive treatments achieved an important drop with 87.86,
87.39 and 81.59% for COD, BOD;, and polyphenols respec-
tively. These results obtained showed that the main quality
parameters of olive mill wastewater decreased instantane-
ously after each treatment. In this sense, our work demon-
strates the important role of infiltration percolation treat-
ment and biological treatment combination to remove
organic matter and phenolic compounds responsible for
pollution and toxicity of olive mill wastewater.

From Table 10, which shows the comparison of the
effeciency of our method used in this work with another
method used by Najjar et al. [53], the results show that our
process gives the best removal percentage for the different
parameters, which makes the proposed method effective
and simple for olive mill wastewater treatment.

Table 10 Comparison of proposed method with other methods

4 Conclusions

The olive mill wastewater from the olive oil producing
industries is a major problem especially for the countries
of the Mediterranean basin because they contain a sig-
nificant organic fraction and cause several types of pol-
lution. The results obtained after treatment by infiltration
percolation in all columns showed significant reductions
for all various parameters at level of all columns as well as
an increase in pH and electrical conductivity with maxi-
mum removal of all parameters observed for T4 column.
Biological treatment with soil microorganisms under aero-
bic conditions was applied to OMWW from column T4.The
results showed an increase in the percentage removal of
each physicochemical parameter followed over time up to
values of 79.78, 69.43 and 60.67% for BOD;, COD, and poly-
phenols respectively after 30 days of treatment. Moreover,
the final pH of treated OMWW was 9.14. The total removal

Origin of OMWW  Treatment process

Scale Achieved pourcentage removal

Traditional process Wet hydrogen peroxide catalytic oxidation (WHPCO) with Fe-BEA zeolite-

based catalysts

Traditional process

Infiltration percolation in column followed by aerobic biological treat-

Lab-scale Removal efficiencies of TOC
(total organic carbon), total
phenols and COD equal to 28,
40 and 30%

Lab-scale Removal efficiencies of COD,

ment BOD; and phenolic com-
pounds equal to 87.86, 87.39
and 81.59%
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efficiency of the physicochemical parameters after the
two successive treatments achieved a high drop with
87.86, 87.39 and 81.59% for COD, BOD;, and polyphenols
respectively. Besides Fourier Transformed Infrared analysis
(FT-IR) of raw OMWW, T4 and biological treatment indi-
cated a decrease in band intensity after each treatment,
confirming our analytical results represented by reduction
in each parameter. The results indicated that the treatment
of OMWW by infiltration percolation in column followed
by biological treatment is a process that reduced the envi-
ronmental impact of OMWW. The combination of these
two successive treatments has given a satisfactory total
reduction by reducing the organic matter and polyphe-
nols concentration as well as toxicity to reuse in irrigation
without damage to environmental systems. The present
work showed that the infiltration percolation in column
followed by biological treatment represents an important
and simple solution for treatment of these effluents that
can pollute and damage the various components of the
environment.
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