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ABSTRACT
Olive mill wastewater (OMW), a byproduct of olive oil production, presents signifi-

cant environmental challenges due to its high organic load and non-biodegradable polyphe-
nols. In Libya, untreated OMW is frequently discharged into the environment, impacting
soil and water quality. This study evaluates the pollution potential of OMW and exam-
ines a multi-step treatment process utilizing natural materials. The system comprised three
columns: the first filled with iron slag and sand, and the second and third with activated
carbon prepared from dried olive leaves. Parameters such as pH, electrical conductivity
(EC), total dissolved solids (TDS), turbidity, biochemical oxygen demand (BOD5), and total
phenols (TP) were monitored. Results demonstrated significant improvements in water qual-
ity under basic pH conditions, with reductions in EC (61.9%), TDS (62.9%), and turbidity
(99.8%) and complete removal of BOD5. However, the reduction in TP was lower, showing
a decrease of 43.2%. In contrast, the treatment without pH control achieved lower removal
efficiencies for EC (50.5%), TDS (51.5%), and turbidity (97.1%), but a higher reduction in
TP (80.9%). The lower TP removal at basic pH is due to phenol deprotonation, weakening
adsorption. Acidic conditions improved turbidity removal but were less effective for EC,
TDS, and BOD5. pH influences adsorption and microbial activity, impacting treatment effi-
ciency. This multi-step approach offers a promising solution for OMW treatment, reducing
its environmental impact and enabling reuse in irrigation.
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1. Introduction
Olive oil production, a cornerstone of

Mediterranean economies, generates sub-
stantial quantities of olive mill wastewater
(OMW), a byproduct characterized by its
high organic load, acidic pH, and recalci-
trant phenolic compounds. While the cul-
tivation of Olea europaea has ancient roots
in the Mediterranean Basin, the industry’s
substantial environmental footprint is a con-
temporary concern. This region, responsi-
ble for approximately 98% of global olive
oil production, faces the challenge of man-
aging the substantial volumes ofOMWgen-
erated by its agro-industrial processes. The
two- or three-phase extraction systems em-
ployed in olive oil production yield an esti-
mated 20 to 160 liters of OMW per 100 kg
of olives, highlighting the scale of the en-
vironmental issue. The complex composi-
tion of OMW, including polyphenols, sug-
ars, tannins, and lipids, many of which are
resistant to biodegradation, contributes to
its significant ecotoxic and phytotoxic ef-
fects. The effluent’s high biological oxy-
gen demand (BOD) and chemical oxygen
demand (COD) further exacerbate its envi-
ronmental impact, as it can contaminate wa-
ter bodies, inhibit plant growth, and disrupt
ecosystems [1-4].

Despite its well-documented toxic-
ity, OMW is frequently disposed of im-
properly, either through direct discharge
into freshwater systems or application to
agricultural soils without adequate treat-
ment, exacerbating environmental degra-
dation. The effluent’s antimicrobial prop-
erties and high levels of phenolic com-
pounds render it resistant to natural degra-
dation, compounding the environmental
risks. Mediterranean countries thus face a
dual challenge: substantial water consump-
tion and the harmful environmental impact
of OMW. The lack of consistent regula-

tions regarding OMWdisposal further com-
plicates management efforts, leading to the
common use of natural evaporation ponds
or discharge into urban sewage systems [5-
7].

Given the escalating water scarcity
challenges in the Mediterranean region, ex-
acerbated by climate change and rising de-
mand for freshwater, the proper treatment
and management of olive mill wastewater
(OMW) are paramount. Effective treatment
methods not only mitigate the environmen-
tal risks posed by OMW but also support
water reclamation, ensuring sustainable ac-
cess to water resources for future genera-
tions. Addressing the environmental foot-
print of the olive oil industry, particularly
in relation to OMW, is critical to both eco-
logical conservation and economic sustain-
ability in the region [8-10].

The complex composition and high
pollution load of olive mill wastewater
(OMW) have posed a significant envi-
ronmental challenge. Various methods
have been proposed to manage OMW, in-
cluding evaporation ponds, which, despite
their cost-effectiveness, suffer from draw-
backs such as odor development, leak-
age, and high land requirements, particu-
larly in regions with low evaporation rates
[11]. Other approaches include aerobic
treatment, anaerobic digestion, composting
[12], biological, physico-chemical, and ad-
vanced oxidation methods [13-15]. How-
ever, a universally adopted, environmen-
tally safe, and economically feasible so-
lution remains elusive [16]. The sea-
sonal nature of olive oil production and
the isolated locations of mills further ex-
acerbate the challenges of OMW treatment
[17]. Recent research has explored inno-
vative approaches such as thermal conver-
sion of OMW into biochar for use as a
biofertilizer [18]. However, the high wa-
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ter content of OMW and the costs associ-
ated with drying and pyrolysis limit large-
scale application [19]. Activated sludge
(AS) processes, while widely used in aer-
obic treatment due to their simplicity and
cost-effectiveness, require microbial accli-
mation to reduce the toxicity and chemical
oxygen demand (COD) of OMW [20]. To
enhance biodegradation, researchers have
also investigated techniques like bioaug-
mentation and acclimatization of microbial
communities [21]. Given the complex-
ity of OMW, integrated treatment methods
combining physical, biological, and chem-
ical technologies are considered the most
promising approach for effective manage-
ment of this effluent [22].

Adsorption has emerged as one of the
most promising and efficient techniques for
treating olive mill wastewater (OMW), pri-
marily due to its low maintenance costs,
high efficiency, and ease of operation com-
pared to other technologies, which are often
expensive, time-consuming, and sometimes
ineffective. While several treatment meth-
ods have been explored, such as aerobic and
anaerobic processes, they are frequently not
economically viable due to the seasonal na-
ture of olive oil production and the isolated
locations of olive mills [16, 17]. In contrast,
adsorption has effectively removed haz-
ardous organic and inorganic compounds
from wastewater and groundwater, includ-
ing toxic phenolic compounds in OMW.
Various adsorbents have been studied, in-
cluding industrial waste materials and natu-
ral biosorbents like dried sludge, coal, ac-
tivated charcoal, olive leaves powder, or-
ange peels, palm pith carbon, and beet pulp
[23-29]. Moreover, synthesized adsorbents
such as amine-modified mesoporous silica
and activated carbon have been specifically
employed for the removal of phenolic com-
pounds from OMW [30]. Despite these

advancements, most research has concen-
trated on simple phenols, while more com-
plex natural phenolic compounds have been
less thoroughly investigated. Thus, ongo-
ing research into low-cost, efficient adsor-
bents remains crucial for tackling the chal-
lenges associated with OMW treatment.

In Libya, untreated OMW is often
discharged into the sewerage system, while
solid waste is dumped on nearby land, en-
dangering soil, surface water, and ground-
water resources. This study aims to as-
sess the pollution potential of OMW by an-
alyzing key parameters such as pH, conduc-
tivity, total dissolved solids, and biologi-
cal oxygen demand (BOD). Additionally, it
explores an efficient treatment method us-
ing successive columns of natural materi-
als, specifically a mixture of iron slag and
activated charcoal (AC), to enhance water
quality. This treatment presents a promis-
ing approach for rendering OMW safe for
irrigation use.

2. Materials and Methods
2.1 Samples collection and preservation

Olive mill wastewater (OMW) sam-
ples were collected from three olive oil
mills located in Zliten; a city in the north-
western part of Libya and situated 160 km
east of the capital, with five replicates from
each site. To ensure accurate measure-
ments of physical properties, the samples
were obtained immediately after the press-
ing process. The samples were then stored
in tightly sealed plastic bottles under refrig-
eration at 4 ◦C to maintain low tempera-
tures and prevent any unintended reactions
among their components

2.2 Analytical measurements
Key physical and chemical proper-

ties of fresh OMW samples, including pH,
density, electrical conductivity (EC), total
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dissolved solids (TDS), turbidity, dissolved
oxygen (DO), acidity, biological oxygen
demand (BOD5), and total phenolic con-
tent, were characterized before and after
pretreatment.

Total phenolic compounds were
quantified using the Folin-Ciocalteu
method. Briefly, a 2.5 mL aliquot of 0.2M
Folin-Ciocalteu reagent was mixed with 0.5
mL of the sample, followed by a 5-minute
incubation in the dark. Subsequently, 2
mL of a 75 g/L sodium carbonate solution
was added, and the mixture was incubated
for one hour in the dark. The absorbance
was measured at 765 nm using a UV-Vis
spectrophotometer (Jenway model 6300)
[31]. The total phenolic content was
expressed as mg gallic acid equivalents in
liter.

A pH meter (HACH MP-6, Hach
Company, Loveland, CO, USA) was used
to determine pH, while electrical conduc-
tivity and total dissolved solids were mea-
sured with an HACH EC MP-6 (Hach
Company, Loveland, CO, USA). Turbid-
ity in NTU (Nephelometric Turbidity Unit)
was measured using a HACH Turbidime-
ter 2100Q (Hach Company, Loveland, CO,
USA). Acidity was quantified using volu-
metric acid-base titration techniques [32].

2.3 Preparation of activated carbon
Activated carbon was prepared from

dried olive leaves through a chemical ac-
tivation process. Concentrated phosphoric
acid (H3PO4) was added to the leaves for
24 hours, followed by drying in an oven at
250 ◦C and subsequent burning at 600°C
in an oxygen-free environment. The re-
sulting activated carbonwas washed repeat-
edly with distilled water until the solution
reached neutrality [33].

Fig. 1. OliveMillWastewater TreatmentModel
Components.

Fig. 2. The effect of treatment on OMW color.

2.4 Treatments of OMW
The treatment process involved a

multi-step approach using columns made of
polyvinyl chloride with an inner diameter of
3 cm and a height of 100 cm, as depicted in
Fig. 1. The first column was filled with two
successive layers: a 15 cm layer of iron slag
and a 50 cm layer of coarse sand that had

141



M. Elbagermi et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

been washed thoroughly with distilled wa-
ter. A thin layer of cotton was placed at the
column’s bottom to prevent material loss.
OMW samples were then passed through
the column, and the treated water was col-
lected in a cup at the bottom for analysis.
The effect of pH on the treatment process
was also investigated.

The treated water from the first col-
umn was subsequently transferred to a sec-
ond column filled with a 20 cm layer of ac-
tivated carbon. A thin layer of cotton was
placed at the bottom of this column, and the
water was passed through it, collecting in a
cup at the bottom. This treated water was
then transferred to a third column, also con-
taining a 20 cm layer of activated carbon.
The necessary analyses were performed on
the final effluent, and the impact of pH on
treatment efficiency was studied. Fig. 2 il-
lustrates the color change of the sample dur-
ing the various treatment stages.

For the treatment conducted under
controlled pH conditions, 1 M hydrochlo-
ric acid (HCl) and 1 M sodium hydroxide
(NaOH) were used to adjust the pH of the
OMW samples. For the acidic pH treat-
ment, 1 M HCl was gradually added to the
OMW sample until the pH reached approx-
imately 3. For the basic pH treatment, 1
M NaOH was added to the sample until the
pH reached approximately 9. These adjust-
ments were carefully monitored to maintain
the desired pH levels throughout each treat-
ment stage.

2.5 Statistical analysis
The statistical analysis of the experi-

mental data was performed using Microsoft
Excel. Each parameter was measured in
triplicate, and the results are presented as
the mean of these three replicates. The stan-
dard deviation (±) is provided to indicate
the variability of the measurements.

3. Results and Discussion
Fresh OMW samples were collected

from a local olivemill and analyzed for their
physicochemical properties as shown in Ta-
ble 1. OMW is characterized by a dark
brown to black color and a strong olive oil
smell. Its complex chemical composition
is due to the presence of vegetation water
and olive fruit tissues. The collected OMW
was characterized for various parameters,
including pH, density, EC, TDS, turbidity,
DO, acidity, BOD5, and total phenolic con-
tent, prior to treatment with adsorption ma-
terials.

A three-column sequential flow sys-
tem was used to treat the second sample.
Physical and chemical properties weremea-
sured after the first column and at the end of
the treatment, as shown in Table 2.

3.1 Analysis of pH
The pH values of the OMW sam-

ples analyzed in this study ranged from 4.88
to 5.05, with an average of 4.98±0.21 (as
shown in Table 1). The acidic pH val-
ues (shown in Fig. 3) are consistent with
findings from numerous previous studies,
which reported pH values ranging from 3.8
to 6.5 [34]. For instance, Al-Essa [35],
who used acid-activated bentonite for olive
mill wastewater treatment, reported a pH
of 4.63. Similarly, Achak et al. [32], uti-
lizing wheat bran as a biosorbent for phe-
nolic compound removal, recorded a pH
of 5.06, while Aladham [36], employing
activated olive stones for polyphenol re-
moval, found pH values between 4.9 and
5.0. Víctor Ortega [37], who applied ion
exchange technology for olive mill wastew-
ater treatment, reported a pH of 5.4, and
Al Bsoul et al. [28], using titanium ox-
ide nanoparticles for adsorption, observed
a pH of 4.9. Aktas et al. [38] recorded
pH values ranging from 4.5 to 4.9. In con-
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Table 1. Physical-chemical parameters of the raw OMW samples (mean ± standard deviation, 𝑛 = 3).

Parameter Unit OMW1 OMW2 OMW3
pH - 5.05±0.25 4.88±0.21 5.02±0.19
Electrical Conductivity (EC) 𝜇S/cm 11290±50 18810±910 11740±485
Total dissolved solids (TDS) mg/L 7200±320 12290±314 7700±35
Turbidity NTU 11800±574 2270±112 8950±247
Density g/mL 1.0082±0.03 1.0104±0.01 1.0076±0.02
Dissolved Oxygen Demand (DO) mg of O2/L 2.03±0.10 5.78±0.30 2.44±0.08
Biological Oxygen Demand (BOD5) mg/L 50.00±1.5 2.80±0.12 327.00±13.4
Acidity % 0.97±0.04 0.99±0.06 2.21±0.11
Total phenol content mg/L 214.43±8.5 173.30±7.6 126.10±5.3

Table 2. Main characteristics of OMW2 sample, before and after treatment (mean ± standard devia-
tion, 𝑛 = 3).

Parameter Unit Before treatment After column 1 End treatment
pH - 4.88±0.21 6.98±0.33 7.02±0.29
Electrical Conductivity (EC) 𝜇S/cm 18810±910 12590±610 9314±210
Total dissolved solids (TDS) mg/L 12290±314 8057±165 5960±98
Turbidity NTU 2270±112 245±9.5 66.1±3.3
Dissolved Oxygen Demand (DO) mg of O2/L 5.78±0.30 1.50±0.07 0.14±0.01
Biological Oxygen Demand (BOD5) mg/L 2.80±0.12 0.00±0.0 0.00±0.0
Total phenol content mg/L 173.30±7.6 168.2±5.4 33.07±1.3

Fig. 3. Physical and chemical properties of untreated OMW samples, Data presented as mean ± SD
(𝑛 = 3).

trast, Ait-Hmane et al. [39], who applied
a combined treatment involving multi-soil-
layering ecotechnology and adsorption on

activated carbon/lime, reported a relatively
higher pH of 7.66. Conversely, Aly et al.
[40], employing a zeolite-based low-cost
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Fig. 4. Effect of different treatment steps on pH
of OMW, Data presented as mean ± SD (𝑛 = 3).

treatment method, recorded a lower pH of
3.8.

Following the treatment of the sam-
ple (OMW2) with a sand and iron slag col-
umn, the the pH levels in this study tran-
sitioned from acidic to near-neutral, reach-
ing 6.9 after initial treatment, and further in-
creasing to 7.02 following activated carbon
column treatment (Fig. 4). This pH eleva-
tion is attributed to the reduction in pheno-
lic compounds and fatty acid concentrations
during the treatment process [6].

These findings align with previous
research. Víctor Ortega [37] reported a sim-
ilar increase, with post-treatment pH values
of 7.8. Mekki et al. [41] documented an av-
erage pH of 8.1 ± 0.2, and Hanafi et al. [42]
observed a pH of 7.53. Fiestas et al. [43]
also confirmed a shift to neutral pH, with
values ranging from 6.5 to 7.0.

In contrast, Aly et al. [40] reported
post-treatment pH values between 5.1 and
6.2, while Al-Essa [35] observed a range
of 5.08 to 5.74. These studies indicate that
their treatment processes were less effective
in achieving neutral pH levels compared to
the current study and several others.

3.2 Analysis of electrical conductivity
Before treatment, the electrical con-

ductivity (EC) of the olive mill wastew-
ater (OMW) samples (OMW1, OMW2,

Fig. 5. Effect of different treatment steps on EC
of OMW, Data presented as mean ± SD (𝑛 = 3).

OMW3) ranged from 10,000 to 20,000
𝜇S/cm, with an average of 14,503.3 ± 510
𝜇S/cm (Fig. 3). These values align closely
with those reported by Jahangiri et al. [44]
(14,600 𝜇S/cm), Al-Essa et al. [35] (19,890
𝜇S/cm), Aharonov-Nadborny et al. [45]
(11,000 𝜇S/cm), and Galiatsatou et al. [34]
(13,000 𝜇S/cm).

In contrast, higher EC levels were re-
ported by Ben Sassi et al. [46] (50,000
𝜇S/cm), Aly et al. [40] (64,000 𝜇S/cm),
Achak et al. [32] (60,850 𝜇S/cm), and Al
Bsoul et al. [28] (25,100 𝜇S/cm). Lower
EC values were noted by Ait-Hmane et al.
[39] (2,825 𝜇S/cm), Dermeche et al. [47]
(5,500–10,000 𝜇S/cm), Víctor Ortega [37]
(7,900 𝜇S/cm), andMandi et al. [48] (6,850
𝜇S/cm). Variations in EC are likely influ-
enced by factors such as irrigation water
quality, soil type, and the salting of olives
before pressing [13].

After initial treatment with sand and
iron slag, the EC of OMW2 decreased to
12,590 𝜇S/cm, a 33.1% reduction. A subse-
quent activated carbon treatment further re-
duced the EC to 9,314 𝜇S/cm, representing
an additional 26% reduction and an overall
decrease of 50.5% (Fig. 5). The treatment
process effectively reduces electrical con-
ductivity (EC) by removing dissolved ionic
species. After the first column is due to
sand and iron slag filtration, which removes

144



M. Elbagermi et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

suspended solids, and iron slag, which ad-
sorbs and precipitates certain ions. A fur-
ther 26% reduction in the column contain-
ing activated carbon is achieved through the
adsorption of residual ions and organic con-
taminants.

These results are consistent with Aly
et al. [40], who reported a 48.4% reduction
in EC (from 6,400 𝜇S/cm to 3,300 𝜇S/cm).
Other studies, such as those by Al Bsoul et
al. [28] and Al-Essa [35], have documented
similar reduction trends.

3.3 Analysis of total dissolved solids
Fig. 3 presents the total dissolved

solids (TDS) levels for the study samples
(OMW1, OMW2, OMW3), with values
ranging from 7200 to 12290 mg/L and an
average of 9063.3 ± 253 mg/L. When com-
pared to previous studies, discrepancies in
TDS values are observed, with some stud-
ies reporting results close to those of the
current study, while others report signif-
icantly lower or higher values. For in-
stance, Al-Essa [35] reported a TDS level
of 34700 mg/L, Alba [50] recorded 5900
mg/L, Passarinho [51] documented 103200
mg/L, Frascari et al. [49] found 13000
mg/L, Al Bsoul et al. [28] reported 71400
mg/L, and Aktas et al. [38] recorded 44400
mg/L. In a study by Aladham [36], the TDS
value of peat water before treatment was
15,464 mg/L [7]. Overall, the TDS results
in the current study fall within the mid-
range of previously reported values.

After the first stage of treatment of
the OMW2 sample with sand and iron slag,
the total dissolved solids (TDS) level de-
creased by 34.4%, reaching 8,057 mg/L.
Following the second stage of treatment
with activated carbon, the TDS level fur-
ther decreased by 26%, to 5,960 mg/L, as
shown in Fig. 6. Overall, the total reduc-
tion in TDS was 51.5%, which is consistent

Fig. 6. Effect of different treatment steps on
TDS of OMW, Data presented as mean ± SD
(𝑛 = 3).

with findings from several previous studies
[28, 35, 38].

Here also, the reduction in total dis-
solved solids (TDS) following treatment in-
dicates that the treatment process success-
fully removed a significant portion of dis-
solved substances, including salts and or-
ganic compounds. TDS levels are directly
related to the concentration of ions and dis-
solved solids, which were likely removed
through adsorption and ion exchange mech-
anisms.

3.4 Analysis of turbidity
The turbidity values of the studied

OMW samples were notably high and ex-
hibited significant variation, ranging from
2270 NTU to 11800 NTU with an average
of 7663.3 NTU as depicted in Fig. 3. Sam-
ple OMW1 displayed the highest turbidity
value, surpassing those reported in previ-
ous studies [52-54]. Conversely, the turbid-
ity of sample OMW2 was more consistent
with prior research findings. The elevated
turbidity levels in the OMW samples can
be attributed to the presence of suspended
organic matter, a residual byproduct of the
olive pressing process [52].

Following the initial treatment stage,
the turbidity of the OMW2 sample de-
creased to 245 NTU, representing an 89.2%
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Fig. 7. Effect of different treatment steps on tur-
bidity of OMW, Data presented as mean ± SD
(𝑛 = 3).

reduction (shown in Fig. 7). Subsequent
treatment with activated carbon further low-
ered turbidity to 66.1 NTU, a total reduction
of 73%. In aggregate, the entire treatment
process achieved a remarkable 97.1% de-
crease in turbidity. Turbidity is commonly
attributed to suspended solids, which can
be eliminated by adsorbing particulate mat-
ter onto biosorbents such as sand, iron slag,
and activated carbon. The notable decrease
in turbidity indicates the successful removal
of suspended materials from the water sam-
ple, consistent with results reported in sev-
eral earlier studies [6, 40, 52-55].

3.5 Determination of density
The density values of the studied

samples ranged from 1.007 to 1.01 g/ml, as
illustrated in Fig. 3. These findings are con-
sistent with previous research by Achak et
al. (1.1 g/ml) [32], Bouknana et al. (1.001
- 1.05 g/ml) [52], Al-helo et al. (1.01 - 1.02
g/ml) [56], and Eroğlu et al. (1.01 g/ml)
[57].

3.6 Dissolved oxygen contents
The dissolved oxygen (DO) content

of the studied samples varied, as shown in
Fig. 3, ranging from 2.03 to 5.78 mg/L,
with an average of 3.42 ± 0.15 mg/L. These
levels are generally consistent with those re-

ported by Achak et al. (0.48–0.69 mg/L)
[32], Ben Sassi et al. (0.2–3.4 mg/L) [46],
and Bouknana et al. (0.14–0.41 mg/L)
[52]. However, the OMW2 sample exhib-
ited a notably higher DO content compared
to other samples. In contrast, Al-Essa [35]
recorded a significantly higher DO value of
600 mg/L. The overall elevated levels of
dissolved oxygen in the current study sug-
gest a relatively low bacterial population, as
microbial activity would typically deplete
DO during the decomposition of biodegrad-
able organic matter [6].

Following the initial treatment with
sand and iron slag, the dissolved oxygen
level in the OMW2 sample decreased to
1.5 mg/L, a 74% reduction. Subsequent
treatment with activated carbon further low-
ered the oxygen content to 0.14 mg/L, rep-
resenting a 90.7% decrease, as illustrated
in Fig. 8. The efficient removal of or-
ganic contaminants and suspended particles
during the treatment process is responsi-
ble for the observed decrease in DO. Sand
and iron slag are used in the filtering stages
to effectively remove suspended particles,
which are a major cause of elevated DO
levels. Furthermore, phenols, fatty acids,
and other complex organic chemicals are
among the organic molecules that the acti-
vated carbon used in the treatment system is
essential for adsorbing. The organic load in
the wastewater is significantly decreased by
eliminating these contaminants, which re-
sults in a discernible drop in DO levels [28,
38, 58]. Overall, the treatment results align
with findings from numerous previous stud-
ies [3-6, 32, 38].

3.7 Biochemical oxygen demand (BOD5)
contents

BOD5 is a measure of the organic
pollution in water. It indicates the amount
of dissolved oxygen microorganisms need
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Fig. 8. Effect of different treatment steps on DO
of OMW, Data presented as mean ± SD (𝑛 = 3).

to decompose organic matter within five
days at 20 ◦C. High BOD values indicate
a significant amount of biodegradable or-
ganic matter in the water. This organic
matter is consumed by microorganisms,
which require dissolved oxygen for their
metabolic processes. As microorganisms
decompose the organic matter, they deplete
the available oxygen in the water body.
This can have detrimental effects on aquatic
life, as oxygen is essential for their survival
[59].

The BOD5 values of the studied sam-
ples exhibited significant variation, with
sample OMW3 displaying relatively high
levels and sample OMW2 exhibiting rela-
tively low levels. Prior to treatment, values
generally ranged from 2.8 to 327mg/L, with
an average of 126.6 ± 9.5 mg/L, as depicted
in Fig. 3. When compared to previous stud-
ies, a considerable discrepancy is evident.
While some studies align with the results
of sample OMW3, such as those by Achak
et al. [32], Al-Essa [35], and Dermeche et
al. [47], others, including the studies of Al-
adham [36], Víctor Ortega [37], and Ak-
tas et al. [38], report higher values. Con-
versely, the results of sample OMW2 were
more consistent with studies by Vaz et al.
[6] and Ait-Hmane et al. [39]. Notably, the
BOD5 values in the present study are gen-
erally lower than those reported in previous

Fig. 9. Effect of different treatment steps on
BOD5 of OMW, Data presented as mean ± SD
(𝑛 = 3).

research, indicating a reduced consumption
of dissolved oxygen bymicroorganisms and
consequently a lower level of water pollu-
tion [52].

The treatment of the OMW2 sample
resulted in a significant reduction in BOD5

levels, to the point of non-detection using
the analytical method employed; as dis-
played in Fig. 9. This decrease was ob-
served following the initial treatment stage.
This finding aligns with the results reported
by Víctor Ortega [37].

3.8 Acidity levels
The acidity levels of the OMW sam-

ples analyzed in this study varied, with val-
ues ranging from 0.97% to 2.21%, as shown
in Fig. 3. The average acidity across all
samples was 1.39%, which is consistent
with the range of values reported in the
literature. Elkacmi et al. [60] observed
a similar acidity value of 1.3%, aligning
closely with both the overall average and in-
dividual values for OMW1 and OMW2 in
our study. Bouknana et al. [52] reported
a slightly wider range of acidity (1.19–
1.56%), which also falls within the range of
our samples, particularly the lower acidity
values of OMW1 and OMW2. However,
the acidity of OMW3 was notably higher
than both the average of our study and the
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typical range reported by Bouknana et al.
The findings from Esmail et al. [61] fur-
ther support the consistency of our data with
prior studies on OMW acidity. The vari-
ations in acidity observed across different
studies and our samples likely reflect dif-
ferences in the olive oil extraction process,
olive variety, and storage conditions, all of
which influence the composition of pheno-
lic compounds and organic acids responsi-
ble for the acidity in OMW [6].

3.9 Total Phenols (TP) contents
The total phenol content in the OMW

samples analyzed in this study showed a
clear variation, with values of 214.4 mg/L
for OMW1, 173.3 mg/L for OMW2, and
126.1 mg/L for OMW3, as illustrated in
Fig. 3. The average total phenol con-
tent across the three samples was 171.3
mg/L. When compared with literature data,
our results fall on the lower end of the
reported phenol concentrations, reflecting
significant variability in the phenolic com-
position of OMW across different studies
and geographic regions.

For instance, the total phenol content
reported by Elkacmi et al. [60], while ex-
pressed as a percentage, can be assumed to
be notably higher than our results. Simi-
larly, Al-Essa [35] recorded a much higher
concentration of 1340 mg/L, while Achak
et al. [32] and Aly et al. [40] reported
even higher values of 4500 mg/L and 13450
mg/L, respectively. These significantly
higher phenol concentrations likely reflect
differences in olive oil extraction processes,
the maturity of the olives, and regional agri-
cultural practices. On the other hand, some
studies reported values that are closer to or
even lower than our findings. For exam-
ple, Frascari et al. [49] observed a range
of 510–1100 mg/L, Al Bsoul et al. [28]
measured 3100 mg/L, and Aktas et al. [38]

recorded phenol levels between 2500 and
3800 mg/L. While these values are higher
than our study’s results, they are not as ex-
treme as those in some of the other studies
mentioned. Interestingly, Ait-Hmane et al.
[39] and Abu-Dalo et al. [62] found much
lower phenol concentrations, with values of
55 mg/L and 51–350 mg/L, respectively.
These results are more comparable to our
lower range, particularly for OMW3 (126.1
mg/L), suggesting that phenol content in
OMW can vary significantly depending on
numerous factors such as olive variety, ex-
traction method, and climate conditions.

The relatively lower phenol content
observed in our samples may be attributed
to differences in the maturity of the olives
used, the extraction process employed, or
perhaps even the handling and storage con-
ditions of the OMW. Additionally, the type
and intensity of treatments applied to the
wastewater prior to sampling could have in-
fluenced the concentration of phenolic com-
pounds, which are known to be degraded
under certain conditions [6].

The OMW2 sample was treated us-
ing multi-step approach using columns con-
taining different adsorption materials. Ini-
tially, OMW2 exhibited a TP concentra-
tion of 173.3 mg/L. After the first stage
of treatment (with sand and iron slag), the
TP concentration decreased to 168.1 mg/L,
representing a modest reduction of 2.99%
(shown in Fig. 10). A more substantial
decrease in TP level was observed after
the final treatment stage (using activated
carbon), with the concentration dropping
to 33.07 mg/L, corresponding to a signifi-
cant reduction of 80.91% from the original
value. This dramatic decrease demonstrates
the high efficiency of activated carbon in
adsorbing phenolic compounds from olive
mill wastewater (OMW). Activated carbon
effectively binds to phenolic compounds

148



M. Elbagermi et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

Fig. 10. Effect of different treatment steps on
TP of OMW, Data presented as mean ± SD (𝑛 =
3).

through its large surface area, porous struc-
ture, and affinity for aromatic molecules,
resulting in a significant decrease in TP lev-
els. The total phenol reduction of 80.91%
in OMW2 aligns with findings from other
studies highlighting the effectiveness of
other adsorbing materials in removing phe-
nolic pollutants [23,25,30,32,39,49,62,63].
Factors such as pH may have also con-
tributed to the adsorption efficiency, as pH
can influence the ionization state of pheno-
lic compounds, thus impacting their inter-
action with the adsorbent [63].

The obtained results from the treated
wastewater were compared with the WHO
drinking water quality standards [64]. The
pH value of the treated water (7.02) falls
within the WHO recommended range of
6.5–8.5, making it suitable in terms of acid-
ity and alkalinity. However, the dissolved
oxygen (DO) level of 0.14 mg/L is signif-
icantly lower than the WHO minimum re-
quirement of 5 mg/L, which is critical for
sustaining aquatic life and ensuring water
quality. The total dissolved solids (TDS)
concentration of 5960 mg/L exceeds the
WHO permissible limit of 1000 mg/L, indi-
cating a high level of dissolved substances
that could affect water taste and quality.
Additionally, the turbidity of 66.1 NTU is
far above the WHO recommended maxi-

mum of 1 NTU for drinking water, signi-
fying poor clarity. The biological oxygen
demand (BOD5) value of 0.00 mg/L indi-
cates no immediate biodegradable organic
pollutants, which aligns with drinking wa-
ter standards. However, the total phenols
(TP) concentration of 33.07 mg/L is signif-
icantly higher than the WHO limit of 0.001
mg/L, indicating the presence of phenolic
compounds that could pose risks to health
and the environment.

3.10 Effect of pH on treatment process
The effect of pH on the treatment

process of OMW samples was investigated
by modifying the mediumwith 1MHCl and
1M NaOH. This study examined how the
pH of the medium influenced various phys-
ical and chemical properties of the OMW
samples, including electrical conductivity
(EC), total dissolved solids (TDS), biologi-
cal oxygen demand (BOD5), and total phe-
nolic content (TP).

3.10.1 In acidic pH
As shown in Table 3, the EC of the

OMW2 sample before treatment was 18810
𝜇S/cm. After the first stage of treatment
with sand and iron slag, the EC dropped
to 14900 𝜇S/cm, representing a reduction
of 20.8%. Following the final stage of
treatment using activated carbon, the EC
further decreased to 13597 𝜇S/cm, result-
ing in a total reduction of 27.7%. When
comparing these findings to those without
pH control, where the final EC was 9314
𝜇S/cm (a 50.5% reduction), it is evident that
treatment in an acidic medium resulted in
a lower overall reduction in EC. This can
be attributed to the impact of acidic con-
ditions on ion dissociation and the surface
chemistry of the adsorbent materials. Un-
der acidic pH, the protonation of functional
groups on the adsorbent surface may reduce
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Table 3. Impact of Acidic pH on Treatment Efficiency (mean± standard deviation, 𝑛 = 3).

Parameter Unit Before treatment After column 1 End treatment
EC 𝜇S/cm 18810±910 14900±640 13597±379
TDS mg/L 12290±314 9500±275 8668±233
Turbidity NTU 2270±112 14.8±0.65 8.40±0.32
BOD5 mg/L 2.80±0.12 1.50±0.06 0.57±0.02
TP mg/L 173.3±7.6 - 36.40±1.42

the availability of active sites for ion ad-
sorption, thereby limiting the efficiency of
the adsorption process and leading to less
effective ion removal.

The initial TDS level in the OMW2
sample was 12290 mg/L (displayed in Ta-
ble 3). After passing through the first treat-
ment stage, the TDS dropped to 9950 mg/L,
reflecting a decrease of 19.1%. The final
treatment brought the TDS down further to
8668 mg/L, achieving a total reduction of
29.5%. In contrast, without pH control,
the TDS decreased to 5960 mg/L (a 51.5%
reduction). The greater reduction in TDS
without pH control suggests that acidic pH
medium may have influenced the solubility
of salts and other dissolved solids, limiting
the treatment’s overall efficiency in reduc-
ing TDS.

Before treatment, the turbidity of the
OMW2 sample was 2,270 NTU. After the
first stage of treatment, the turbidity de-
creased dramatically to 14.8 NTU, marking
a 99.35% reduction. After the final treat-
ment stage, the turbidity further reduced to
8.4 NTU, resulting in an overall reduction
of 99.63%. When comparing this to the
treatment without pH control, where the fi-
nal turbidity was 66.1 NTU (a 98.5% re-
duction), pH control slightly improved tur-
bidity removal. The near-complete reduc-
tion in turbidity in both cases highlights the
effectiveness of the column treatment pro-
cess, particularly in removing suspended
particles. The initial BOD5 level of the un-

treated OMW2 sample was 2.8 mg/L. After
the first stage of treatment, the BOD5 was
reduced to 1.5 mg/L, achieving a 46.4% re-
duction. The final treatment stage further
decreased the BOD5 to 0.57 mg/L, yield-
ing a total reduction of 79.6%. Without
pH control, the BOD5 was reduced to 0.00
mg/L (a 100% reduction), indicating that
the absence of pH control significantly en-
hanced the biodegradation of organic mat-
ter. This suggests also that acidic pH may
inhibit themicrobial activity responsible for
breaking down biodegradable organic com-
pounds, leading to a less effective reduction
in BOD5.

The initial total phenol concentration
in the OMW2 sample was 173.3 mg/L. Af-
ter the final treatment stage, TPwas reduced
to 36.4 mg/L, corresponding to a 79.0%
reduction. Without pH control, the final
TP concentration was 33.07 mg/L, result-
ing in a slightly higher reduction of 80.9%.
The minimal difference between these two
results suggests that pH adjustment had a
marginal effect on phenol removal, with
both conditions showing effective adsorp-
tion of phenolic compounds onto the acti-
vated carbon.

3.10.2 In basic pH
In the basic pH medium; as depicted

in Table 4, the EC of theOMW2 samplewas
reduced from 18810 𝜇S/cm to 14248 𝜇S/cm
after the first stage, a 24.2% reduction. The
final treatment further decreased the EC to
7155 𝜇S/cm, achieving an overall reduction
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Table 4. Impact of basic pH on Treatment Efficiency (mean ± standard deviation, 𝑛 = 3).

Parameter Unit Before treatment First Treatment Final Treatment
EC 𝜇S/cm 18810±910 14248±512 7155±157
TDS mg/L 12290±314 9081±254 4561±225
Turbidity NTU 2270±112 8.40±0.32 5.65±0.27
BOD5 mg/L 2.8±0.12 0.07±0.01 0.00
TP mg/L 173.3±7.6 - 98.54±2.9

of 61.9%. Comparatively, in the treatment
without pH control, the final EC was 9314
𝜇S/cm, with a lower overall reduction of
50.5%. The enhanced reduction in EC un-
der basic pH conditions can be attributed
to the increased dissociation of ions, which
may enhance their interaction with the ad-
sorbent materials. Additionally, the higher
pH likely facilitated the adsorption of more
ions onto the activated carbon surface, im-
proving the ion removal efficiency. This
suggests that the basic pH medium played
a crucial role in enhancing the treatment’s
effectiveness in reducing EC.

From Table 4, the initial TDS of the
untreated sample was 12290 mg/L. In the
basic pH medium, TDS was reduced to
9081 mg/L after the first stage, a 26.1%
reduction, and further decreased to 4561
mg/L after the final treatment, with a to-
tal reduction of 62.9%. In contrast, the
final TDS without pH control was 5960
mg/L, corresponding to a 51.5% reduction.
These results indicate that the basic pH im-
proved TDS removal efficiency, likely be-
cause higher pH conditions facilitated the
precipitation of dissolved ions, allowing for
better adsorption by the activated carbon.

The turbidity of the untreatedOMW2
sample was 2270 NTU. After the first stage
of treatment in a basic medium, turbidity
was reduced to 8.4 NTU, a 99.6% reduc-
tion. The final stage brought it down fur-
ther to 5.65 NTU, corresponding to a total
reduction of 99.8%. Without pH control,

the final turbidity was 66.1 NTU, reflecting
a reduction of 97.1%. This significant im-
provement in turbidity removal in the basic
medium suggests that high pH conditions
may have enhanced particle coagulation, al-
lowing more efficient filtration and adsorp-
tion The results are shown in Table 4.

The BOD5 of the untreated OMW2
sample was 2.8 mg/L. In the basic medium,
it was drastically reduced to 0.07 mg/L af-
ter the first stage, a reduction of 97.5%,
and to 0.00 mg/L after the final treatment,
achieving 100% removal. Without pH con-
trol, BOD5 was similarly reduced to 0.00
mg/L. While both processes were effec-
tive in completely eliminating BOD5, the
basic medium achieved near-complete re-
moval after the first stage, indicating that
the higher pH might have enhanced the
degradation of organic matter earlier in the
process.

The initial total phenol concentration
in the OMW2 sample was 173.3 mg/L. In
the basic medium, after the final stage, TP
was reduced to 98.54 mg/L, corresponding
to a 43.2% reduction. Without pH control,
TP was reduced to 33.07 mg/L, achieving
a much higher reduction of 80.9%. These
results suggest that the basic pH medium
was less effective for phenol removal, likely
because phenolic compounds are more dif-
ficult to adsorb or degrade in basic con-
ditions, and acidic conditions are typically
more favorable for phenol adsorption onto
activated carbon.
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3.11 Sustainable management and val-
orization of spent biosorbents

To maintain environmental sustain-
ability and maximise utilisation of re-
sources, wasted biosorbents from the treat-
ment of olive mill wastewater (OMW) need
to be managed [65]. The environmen-
tal impact of the treatment process may
be reduced while achieving further benefits
through regeneration, recycling, and valori-
sation. After having been utilised in the
treatment process, activated carbon made
from olive leaves can be renewed to restore
its adsorption ability. By efficiently des-
orbing the residual contaminants by heating
at high temperatures, thermal regeneration
makes it possible to reuse the activated car-
bon in later treatment cycles. As an alterna-
tive, weak acids or bases can be used to ac-
complish chemical regeneration [66]. Ad-
sorbed pollutants can be removed from iron
slag and sand, which are essential parts of
the treatment system, by washing themwith
water or diluted acid. This allows them to
be used again in subsequent treatment pro-
cedures [65, 66]. In addition to their use
in water treatment, these materials have a
large potential for recycling in the build-
ing industry. Recovering significant bioac-
tive compounds that were retained through-
out the treatment procedure is another op-
portunity presented by spent biosorbents.
For example, it is possible to extract and
use oligosaccharides with strong antibac-
terial and antioxidant activities in agricul-
ture. Such compounds are useful for im-
proving plant health, preventing pest dam-
age to crops, and integrated pest control.
Likewise, it is possible to extract and use
the phenolic chemicals that are retained on
the biosorbents as biostimulants [65, 67].

4. Conclusion
This study highlights the effective-

ness of a multi-step column treatment pro-
cess for improving the quality of olive mill
wastewater (OMW), with a particular fo-
cus on the influence of pH conditions. The
combination of sand, iron slag, and acti-
vated carbon demonstrated significant re-
ductions in electrical conductivity (EC), to-
tal dissolved solids (TDS), turbidity, bio-
chemical oxygen demand (BOD�), and to-
tal phenols (TP). The impact of both acidic
and basic pH conditions was evident in the
results.

In an acidic medium, the treatment
process achieved enhanced turbidity re-
moval, indicating that low pH improved
the agglomeration of suspended particles
and their adsorption onto activated car-
bon. However, the acidic conditions lim-
ited the reductions in EC, TDS, and BOD�
compared to treatment without pH control,
likely due to inhibited ion exchange and mi-
crobial activity. Total phenol removal was
marginally affected by pH adjustment, with
effective adsorption observed in both acidic
and neutral conditions.

In a basic pH environment, the
treatment process significantly enhanced
the removal efficiency for most parame-
ters. Electrical conductivity (EC) decreased
from 18,810 𝜇S/cm to 7,155 𝜇S/cm, re-
sulting in a 61.9% reduction. TDS was
reduced by 62.9%, and BOD� was com-
pletely eliminated, showing a 100% de-
crease. Turbidity was reduced by an im-
pressive 99.8%. However, the reduction
in total phenols was lower, at 43.2%, com-
pared to the 80.9% reduction achievedwith-
out pH control. The basic pH medium fa-
cilitated ion exchange and improved inter-
actions between dissolved ions and the ad-
sorbent materials, yielding better outcomes
than the acidic medium.
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Overall, this study demonstrates that
pH plays a critical role in optimizing OMW
treatment processes. While acidic condi-
tions are beneficial for suspended parti-
cle removal, a basic pH environment sig-
nificantly enhances the overall reduction
of ionic content and biodegradable organic
matter. These insights are valuable for tai-
loring wastewater treatment strategies de-
pending on the specific pollutants targeted
in OMW.

Acknowledgements
The authors wish to express their sin-

cere gratitude to the Chemistry Department,
Faculty of Science, Misurata University, for
offering invaluable support, resources, and
facilities that were crucial for the success-
ful completion of this research. The depart-
ment’s encouragement and assistance have
been highly valued throughout the study.

References
[1] Ramires FA, Durante M, Maiorano G,

Migoni D, Rampino P, Fanizzi FP, et
al. Industrial scale bio-detoxification
of raw olive mill wastewaters by the
use of selected microbial yeast and
bacterial strains to obtain a new source
for fertigation. J Environ Manage.
2020;265:110574.

[2] Azzaz AA, Jeguirim M, Kinigopoulou V,
Doulgeris C, Goddard ML, Jellali S, et
al. Olive mill wastewater: From a pollu-
tant to green fuels, agricultural and wa-
ter source and bio-fertilizer – Hydrother-
mal carbonization. Sci Total Environ.
2020;733:139314.

[3] Al-Bsoul A, Al-Shannag M, Tawalbeh
M, Al-Taani AA, Lafi WK, Al-Othman
A, et al. Optimal conditions for olive
mill wastewater treatment using ultra-
sound and advanced oxidation processes.
Sci Total Environ. 2020;700:134576.

[4] Amaral-Silva N, Martins RC, Castro-
Silva S, Quinta-Ferreira RM. Integration
of traditional systems and advanced oxi-
dation process technologies for the indus-
trial treatment of olive mill wastewaters.
Environ Technol. 2016;37(19):2524-35.

[5] Nogueira V, Lopes I, Freitas AC, Rocha-
Santos TAP, Gonçalves F, Duarte AC,
et al. Biological treatment with fungi of
olive mill wastewater pre-treated by pho-
tocatalytic oxidation with nanomaterials.
Ecotoxicol Environ Saf. 2015;115:234-
42.

[6] Vaz T, Quina MMJ, Martins RC, Gomes
J. Olive mill wastewater treatment strate-
gies to obtain quality water for irri-
gation: A review. Sci Total Environ.
2024;931:172676.

[7] Al-Qodah Z, Al-Zoubi H, Hudaib B,
Omar W, Soleimani M, Abu-Romman S,
et al. Sustainable vs. conventional ap-
proach for olive oil wastewater manage-
ment: A review of the state of the art. Wa-
ter. 2022;14(11):1695.

[8] El Moussaoui T. Studies on the activated
sludge process crucial parameters control-
ling olive mill wastewater treatment. Sci
Total Environ. 2022;838:156455.

[9] Chatzistathis T, Koutsos T. Olive mill
wastewater as a source of organic matter,
water and nutrients for restoration of de-
graded soils and for crops managed with
sustainable systems. Agric Water Man-
age. 2017;190:55-64.

[10] Elsherif KM, Saad RAA, Ewlad-Ahmed
AM, Treban AA, Iqneebir AM. Adsorp-
tion of Cd(II) onto olive stones powder
biosorbent: Isotherms and kinetic studies.
Adv J Chem Sect A. 2024;7(1):59-74.

[11] Kapellakis IE, Paranychianakis NV,
Tsagarakis KP, Angelakis AN. Treatment
of olive mill wastewater with constructed
wetlands. Water. 2012;4(1):260-71.

153



M. Elbagermi et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

[12] Marques IP. Anaerobic digestion treat-
ment of olive mill wastewater for ef-
fluent re-use in irrigation. Desalination.
2001;137(1-3):233-9.

[13] Azzaz AA, Khiari B, Jellali S, Matei
Ghimbeu C, Jeguirim M. Hydrochars
production, characterization and appli-
cation for wastewater treatment: A
review. Renew Sustain Energy Rev.
2020;127:109882.

[14] Pulido JM. A review on the use of mem-
brane technology and fouling control for
olive mill wastewater treatment. Sci Total
Environ. 2016.

[15] Sedej I, Milczarek R, Wang SC, Sheng R,
de Jesús Avena-Bustillos R, Dao L, et al.
Membrane-filtered olive mill wastewater:
Quality assessment of the dried phenolic-
rich fraction. J Food Sci. 2016;81(12):1-8.

[16] Zagklis DP, Arvaniti EC, Papadakis VG,
Paraskeva CA. Sustainability analysis and
benchmarking of olive mill wastewa-
ter treatment methods. J Chem Technol
Biotechnol. 2013;88(5):742-50.

[17] Zenjari A, Nejmeddine A. Impact of
spreading olive mill wastewater on soil
characteristics: Laboratory experiments.
Agronomie. 2001;21(8):749-55.

[18] Haddad K, Jeguirim M, Jerbi B, Chouch-
ene A, Dutournié P, Thévenin N, et al.
Olive mill wastewater: From a pollutant
to green fuels, agricultural water source,
and biofertilizer. ACS Sustain Chem Eng.
2017;5(10):8988-96.

[19] Jeguirim M, Goddard ML, Tamosiunas
A, Berrich-Betouche E, Azzaz AA, Pras-
paliauskas M, et al. Olive mill wastewa-
ter: From a pollutant to green fuels, agri-
cultural water source, and bio-fertilizer.
In: Biofuel production. Renew Energy.
2020;149:716-24.

[20] Dhaouadi H, Marrot B. Olive mill
wastewater treatment in a membrane

bioreactor: Process feasibility and perfor-
mances. Chem Eng J. 2008;145(2):225-
31.

[21] Kamali M, Aminabhavi TM, Tarelho
LAC, Hellemans R, Cuypers J, Capela I,
et al. Acclimatized activated sludge for
enhanced phenolic wastewater treatment
using pinewood biochar. Chem Eng J.
2022;427:131708.

[22] Scoma A, Pintucci C, Bertin L, Carlozzi
P, Fava F. Increasing the large-scale fea-
sibility of a solid-phase extraction proce-
dure for the recovery of natural antioxi-
dants from olive mill wastewaters. Chem
Eng J. 2012;198-199:103-9.

[23] Garcia-Araya J, Beltrán de Heredia J, Al-
varez P, Masa FJ. Activated carbon ad-
sorption of some phenolic compounds
present in agroindustrial wastewater. Ad-
sorption. 2003;9(2):107-15.

[24] Elsherif KM, El-Dali A, Ewlad-Ahmed
AM, Treban AA, Alqadhi H, Alkarewi
S. Kinetics and isotherms studies of
safranin adsorption onto two surfaces pre-
pared from orange peels. Mor J Chem.
2022;10(4):639-51.

[25] Razmkhab S, Lopez-Toledano A, Ortega
JM, Mayen M, Merida J, Medina M.
Adsorption of phenolic compounds and
browning products in white wines by
yeasts and their cell walls. J Agric Food
Chem. 2002;50(25):7432-7.

[26] Elsherif KM, Alkherraz AM, Madri
AH, Eldali A, Yaghi MM. Kinetic,
isotherm, and thermodynamic modeling
of methylene blue adsorption by hibiscus
plant waste-derived biosorbents. J Chem
Health Risks. 2024;14(4):727-40.

[27] Benaddi R, Osmane A, Zidan K, El Harfi
K, Ouazzani N. A review on processes for
olive mill wastewater treatment. Ecol Eng
Environ Technol. 2023;24(7):196-207.

[28] Al Bsoul A, Hailat M, Abdelhay A,
Tawalbeh M, Jum’h I, Bani-Melhem K.

154



M. Elbagermi et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

Treatment of olive mill effluent by ad-
sorption on titanium oxide nanoparticles.
Sci Total Environ. 2019;688:1327-34.

[29] Elsherif KM, Alkherraz AM, Edwards
H, Mutawia BYA. Congo red dye ad-
sorption on dry green pea husk: Effects
of process parameters and modeling ap-
proaches. Environ Health Eng Manag J.
2024;11(3):273-84.

[30] Li H, Nie L, Yao S. Adsorption isotherms
and sites distribution of caffeic acid-
imprinted polymer monolith from frontal
analysis. Chromatographia. 2004;60:425-
31.

[31] Elsherif KM, Sulaiman MA, Mlitan A.
Chemical composition and phytochemi-
cal screening of Juniperus phoenicea L.:
Evaluation of antioxidant activity, min-
erals, and bioactive compounds. J Turk
Chem Soc Sect A Chem. 2023;11(2):709-
22.

[32] Achak M, Hafidi A, Mandi L, Ouaz-
zani N. Removal of phenolic compounds
from olive mill wastewater by adsorp-
tion onto wheat bran. Desalination Water
Treat. 2013;1-11.

[33] Alkherraz AM, Elsherif KM, Blayblo
NA. Safranin adsorption onto Aca-
cia plant-derived activated carbon:
Isotherms, thermodynamics, and kinetic
studies. Chem Int. 2023;9(4):134-45.

[34] Galiatsatou P, Metaxas M, Arapoglou
D, Kasselouri-Rigopoulou V. Treatment
of olive mill wastewater with activated
carbons from agricultural by-products.
Waste Manag. 2002;22(7):803-12.

[35] Al-Essa K. Activation of Jordanian ben-
tonite by hydrochloric acid and its po-
tential for olive mill wastewater en-
hanced treatment. J Chem. 2018;2018; ID
8385692, 10 pages.

[36] Aladham RAF. Removal of polyphe-
nols from olive mill wastewater using
activated olive stones [master’s thesis].

Nablus: An-Najah National University;
2012.

[37] Víctor Ortega MD. Application of
ion exchange technology to olive mill
wastewater treatment [doctoral disserta-
tion]. Granada: University of Granada,
Department of Chemical Engineering;
2015.

[38] Aktas ES, Imre S, Ersoy L. Characteri-
zation and lime treatment of olive mill
wastewater. Water Res. 2001;35(9):2336-
40.

[39] Ait-Hmane A, Mandi L, Ouazzani N, Ait
Hammou H, Hejjaj A, Alahiane S, Ass-
abbane A. Combined treatment of olive
mill wastewater by multi-soil-layering
ecotechnology and adsorption on acti-
vated carbon/lime. Desalination Water
Treat. 2021;233:253-60.

[40] Aly AA, Hasan YNY, Al-Farraj AS. Olive
mill wastewater treatment using a simple
zeolite-based low-cost method. J Environ
Manage. 2014;145:341-8.

[41] Mekki A, Dhouib A, Sayadi S. Effects of
olive mill wastewater application on soil
properties and plants growth. Int J Recycl
Org Waste Agricult. 2013;2(1):15.

[42] Hanafi F, Assobhei O, Mountadar M.
Detoxification and discoloration of Mo-
roccan olive mill wastewater by electro-
coagulation. J Hazard Mater. 2010;174(1-
3):807–12.

[43] Fiestas Ros de Ursinos JA, Borja
Padilla R. Use and treatment of olive
mill wastewater: current situation and
prospects in Spain. Grasas Y Aceites.
1992;43(2):101–6.

[44] Jahangiri M, Rahimpour A, Nemati S, Al-
imohammady M. Recovery of polyphe-
nols from olive mill wastewater by
nanofiltration. Cellulose Chem Technol.
2016;50(9-10):961-6.

155



M. Elbagermi et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

[45] Aharonov-Nadborny R, Tsechansky L,
Raviv M, Graber ER. Mechanisms gov-
erning the leaching of soil metals as a re-
sult of disposal of olive mill wastewater
on agricultural soils. Sci Total Environ.
2018;630:1115–23.

[46] Ben Sassi A, Boularbah A, Jaouad A,
Walker G, Boussaid A. A comparison of
olive oil mill wastewaters (OMW) from
three different processes inMorocco. Pro-
cess Biochem. 2006;41(1):74–8.

[47] Dermeche S, Nadour M, Larroche C,
Moulti-Mati F, Michaud P. Olive mill
wastes: Biochemical characterizations
and valorization strategies. J Process
Biochem. 2013;48:1532–52.

[48] Mandi L, Achak M, Hafidi A, Ouazzani
N. Low cost bio-sorbent for the removal
of phenolic compounds from olive mill
wastewater. Options Méditerranéennes.
2009;88:179-86.

[49] Frascari D, Molina Bacca AE, Warde-
naar T, Oertlé E, Pinelli D. Continu-
ous flow adsorption of phenolic com-
pounds from olive mill wastewater with
resin XAD16N: Life cycle assessment,
cost–benefit analysis and process opti-
mization. J Chem Technol Biotechnol.
2019;94(6):1968-81.

[50] Alba J. Nuevas tecnologías para la obten-
ción del aceite de oliva. Fruticultura Pro-
fesional (Suplemento). 1994;62:85–95.

[51] Passarinho P. Olive mill wastewater
detoxification [Ph.D. thesis]. Lisbon: In-
stituto Superior Técnico, Universidade
Técnica de Lisboa; 2002.

[52] Bouknana D, Hammouti B, Salghi R,
Jodeh S, ZarroukA,Warad I, et al. Physic-
ochemical Characterization of Olive Oil
Mill Wastewaters in the Eastern Re-
gion of Morocco. J Mater Environ Sci.
2014;5(4):1039-58.

[53] Khoufi S, Aloui F, Sayadi S. Treat-
ment of olive oil mill wastewater by
combined process electro-Fenton reac-
tion and anaerobic digestion. Water Res.
2006;40(10):2007–16.

[54] Solak M, Kiliç M, Hüseyin Y, Sencan
A. Removal of suspended solids and tur-
bidity from marble processing wastew-
aters by electrocoagulation: compari-
son of electrode materials and electrode
connection systems. J Hazard Mater.
2009;172(1):345–52.

[55] Khattabi Rifi S, Souabi S, El Fels L,
Driouich A, Madinzi A, Nassri I, Hafidi
M. Moringa oleifera organic coagulant
to eliminate pollution in olive oil mill
wastewater. Environ Nanotechnol Monit
Manag. 2023;20:100871.

[56] Al-helo RM, Al-Bakri IM, Al-Sabbagh
MM. Phenols extraction from olive mill
wastewater using different solvents and
studying the antioxidant activity of the
extractants. Damascus Univ J Basic Sci.
2013;29(2):307-27.

[57] Eroğlu E, Eroğlu İ, Gündüz U, Yü-
cel M. Effect of clay pretreatment on
photofermentative hydrogen production
from olive mill wastewater. Bioresour
Technol. 2008;99(15):6799-808.

[58] Rocha KO, Brandão F, Mendes C, Car-
valho MGVS, Mazierski P, Zaleska-
Medynska A, Gomes J, Martins RC,
Domingues E. Olive mill waste bio-based
catalyst application in advanced oxidation
processes for wastewater treatment. Catal
Today. 2024;432:114618.

[59] Khdair AI, Abu-Rumman G, Khdair
SI. Pollution estimation from olive
mills wastewater in Jordan. Heliyon.
2019;5(8): e02386

[60] Elkacmi R, Kamil N, Bennajah M, Kitane
S. Extraction of Oleic Acid from Moroc-
can Olive Mill Wastewater. Biomed Res
Int. 2016;2016, ID 1397852, 9 pages.

156



M. Elbagermi et al. | Science & Technology Asia | Vol.30 No.1 January - March 2025

[61] Esmail A, Abed H, Firdaous M, Chah-
boun N, Mennane Z, Berny EH, Ouhs-
sineM. Étude physico-chimique et micro-
biologique des margines de trois régions
du Maroc (Ouazzane, Fès Boulman et
Béni Mellal) [Physico-chemical and mi-
crobiological study of oil mill wastewa-
ter (OMW) from three different regions
of Morocco (Ouazzane, Fes Boulman
and Béni Mellal)]. J Mater Environ Sci.
2014;5(1):121-126.

[62] Abu-Dalo M, Abdelnabi J, Al-
Rawashdeh NAF, Albiss B, Al Bawab
A. Coupling coagulation-flocculation
to volcanic tuff-magnetite nanoparticles
adsorption for olive mill wastewater
treatment. Environ Nanotechnol Monit
Manage. 2022;17:100626.

[63] Alkherraz AM, Elsherif KM, Blayblo
NA. Safranin adsorption onto Aca-
sia plant derived activated carbon:
Isotherms, thermodynamics and kinetic
studies. Chem Int. 2023;9(4):134-145.

[64] World Health Organization. Guide
to the quality of drinking wa-
ter. WHO Technical Report Se-
ries No. 517. 173. Retrieved from
https://iris.who.int/bitstream/handle/
10665/41032/WHO_TRS_517.pdf

[65] Enaime, G, Dababat, S, Wichern, M,
Lübken, M. Olive mill wastes: from
wastes to resources. Environ. Sci. Pollut.
Res. 2024;31(14):20853–20880.

[66] Azzaz A, Jeguirim M, Kinigopoulou V,
Doulgeris C, Goddard ML, Jellali S,
Ghimbeu CM. Olive mill wastewater:
from a pollutant to green fuels, agricul-
tural and water source and bio-fertilizer–
hydrothermal carbonization. Sci Total En-
viron. 2020;733:139314.

[67] Salvati A, Sciubba, F, Diomaiuti, A,
Leone, GP, Pizzichini, D., Bellincampi,
D, Pontiggia, D. (2024). Olive mill
wastewater as a source of defense-
promoting by-products against microbial
pathogens. Plant Stress. 2024;14:100623.

157


	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion

