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The effect of pretreatment on anaerobic activity of olive mill
wastewater using batch and continuous systems
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Abstract

This study was focused on several physico-chemical and biological treatment methods that may affect the reduction of the organic load in
olive mill wastewater (OMW). In this study, removal of 95% of the phenolic compounds present in OMW was achieved using sand filtration
and subsequent treatment with powdered activated carbon in a batch system. This pretreatment for OMW was found to enhance the anaerobic
activity of the sludge in the batch system significantly. The efficiency of organic load removal achieved by the anaerobic treatment of untreated
OMW in batch reactors with tap water dilution factors below 1:10, reached approximately 65% chemical oxygen demand (COD) removal.
However, in the up-flow sludge anaerobic blanket (UASB) reactor, COD removal efficiency of 80–85% was reached at a hydraulic retention
time (HRT) of 5 days with an influent COD concentration of 40 g l−1 and organic loading rate(OLR) = 8 g−1 COD l−1 per day.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Olive mill wastewater (OMW) generated by the olive
oil extraction process is the main waste product of this
industry. Approximately 1.8 × 106 t of olive oil are pro-
duced annually worldwide where the majority of it is pro-
duced in the Mediterranean basin[1]. The average amount
of olive mill wastewater produced during the milling pro-
cess is 1.2–1.8 m3 t−1 of olives. OMW resulting from the
production process surpasses 30 million m3 per year[2] in
the Mediterranean region. Treatment of OMW is becoming
a serious environmental problem, due to its high organic
chemical oxygen demand (COD) concentration, and because
of its resistance to biodegradation due to its high content of
phenolic compounds[3].

Due to the current lack of appropriate alternative tech-
nologies to treat OMW, much of the OMW in the Mediter-
ranean area is discharged directly into sewer systems and
water streams or concentrated in cesspools despite the fact
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that such disposal methods are prohibited in many Mediter-
ranean countries. Similarly, OMW is often concentrated in
ponds and left to dry throughout the summer season[4,5].
OMW, which contains high concentrations of organic ma-
terials, such as polyphenols, tannins, and lipids, negatively
impacts the regional environment due to its toxicity to mi-
croorganisms in domestic wastewater treatment plants, its
strong and unpleasant odor after anaerobic digestion, and
also due to its potential threat to surface and groundwater.

OMW is comprised of water (83%), organic compounds
(15%), and inorganic chemicals (about 2%). The color of
the waste produced ranges from black to dark-red reflect-
ing the presence of phenolic compounds. OMW is acidic
and contains high concentrations of total suspended solids
(TSS), total dissolved solids (TDS), and phenols. The OMW
is characterized by high levels of COD and biochemical
oxygen demand (BOD), in addition to having very high
concentrations of fat, oil, and grease (FOG)[6]. Maximum
BOD and COD concentrations in OMW reach 100,000
and 220,000 mg l−1, respectively. This is one of the highest
organic loads of known concentrated effluents, which is
100–150 times higher than that of domestic wastewater.

Several methods have been proposed for treating OMW,
such as evaporation ponds, thermal treatment, physico-
chemical and biological treatments. Also, reuse of the OMW
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by distribution in agricultural soils as an organic fertilizer
was studied[7]. In the last decade, most of the research con-
ducted on OMW treatment has been focused on the use and
development of anaerobic methods and bioreactors that can
remove efficiently the high organic load[5,8–11]as well as
reduce the toxicity of microorganisms-inhibiting materials
present in OMW[7]. It has been reported that anaerobic
bacteria decompose organic materials in a three-stage pro-
cess[4,12,13]. In the first stage, anaerobic bacteria degrade
complex organic materials into simpler compounds; namely,
polysaccharides and polyphenols are converted to their
monomers (monosaccharides and phenols, respectively).
During the second stage, acetogenic bacteria convert the
phenols and the monosaccharide into organic acids, such as
acetic, lactic and formic acids and alcohol. Finally, in the
third stage, methanogenic bacteria, which are characterized
by their sensitivity to pH, convert the organic acids into
biogas (a mixture of 60–80% methane and other gases,
mainly carbon dioxide).

This study focuses on several physico-chemical and bi-
ological treatment methods that may affect the reduction
of organic load of OMW. The physico-chemical methods
were examined for the removal of microorganisms-inhibiting
compounds (phenolic compounds).

2. Materials and methods

2.1. Characterization of OMW

OMW for this study was obtained from the continuous
centrifuge of an olive mill in Sakhnin, Israel, located in
the Galilee region in the north of the country. Samples
were collected and refrigerated at 4◦C. Polyphenols, COD,
BOD, TSS, VSS, pH, and alkalinity were determined ac-
cording to the APHA (1995).Table 1 shows the typical
characteristic parameters of OMW from the region. Anaer-
obic sludge was obtained from the Haifa Wastewater Plant,
Israel.

2.2. Physico-chemical treatment

Physical removal of COD present in OMW and its effect
on biological treatment were investigated using three dif-
ferent systems: sand filtration, subsequent treatment with

Table 1
Characterization of olive mill wastewater

Parameter Value

COD (mg l−1) 148000± 13300
BOD (mg l−1) 67000± 6640
TSS (mg l−1) 14500± 1230
VSS (mg l−1) 11000± 1120
pH 5.2 ± 0.08
Phenols (mg l−1) 2210± 128

Fig. 1. Scheme of the different physico-chemical treatment processes.

activated carbon and filtration through GFA paper (Fig. 1).
A multi-layered sand filter 60 cm high with an internal diam-
eter of 8 cm utilized natural sand and gravel materials. The
filter consisted of three layers: gravel (grain size 3–5 mm),
coarse sand (grain size 1–2 mm) and fine grain sand (grain
size 0.5–1 mm). The OMW was filtered first through coarse
sand, followed by fine sand, again by coarse sand and finally
by gravel. After sand filtration, the OMW was treated by
powder activated carbon (PAC)—10 g of activated carbon
added to 1 l of OMW solution. Finally, the OMW, pretreated
by sand filtration and activated carbon, was subjected to
biological treatment for a period of 30 days by anaerobic
batch reactors (1 l each) inoculated with anaerobic sludge
(10 ml) from the Haifa Wastewater Plant. These two reactors
were compared with the GFA filtered OMW. This inves-
tigation was conducted under the conditions of pH 7 and
35◦C.

2.3. Up-flow anaerobic sludge blanket (UASB) reactor
system

A 25 l (active volume) UASB reactor 110 cm high with
an internal diameter of 20 cm was constructed of Plexiglas
(Fig. 2). The UASB was inoculated with 18 l of sludge in-
oculum of VSS of 26,240 mg l−1. The UASB reactor was
operated for 6 months at 35± 2 ◦C and pH 7. The reactor
was initially fed with diluted OMW (about 2000 mg l−1)
and the influent COD concentration was increased gradually
(20–30% by reducing the dilution factor with tap water)
while the hydraulic retention time (HRT) was kept constant
(5 days). The organic loading rate (OLR) was increased
according to the COD removal (increasing of 20–30%
of the concentration when the removal efficiency reached
60–70%). The OMW was fed into the reactor using a peri-
staltic pump. Sodium bicarbonate (NaHCO3) and sodium
hydroxide (NaOH) solutions were used for pH adjustment
to 7 and urea was added as a source of N.
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Fig. 2. A schematic drawing for the UASB reactor system.

2.4. Anaerobic batch experiments

The batch experiments were conducted with 1 l Erlen-
meyer bottles as anaerobic reactors. Inoculums samples of
150 ml of 26,100 mg l−1 VSS each were added to 850 ml
of OMW diluted with tap water. The reactors were incu-
bated at 35◦C and an initial pH value of 7. The dilution
of OMW for five separate initial concentrations were 1219,
25,102, 34,425, 52,100 and 63,300 mg l−1 as COD total
in the above-mentioned batch reactors. Samples for COD
analysis were taken weekly during the experimentation
period.

3. Results and discussion

Experiments showed that treatment of OMW with acti-
vated carbon increased the BOD5/COD ratio from 0.6 to
0.88 in the filtrate resulting from the anaerobic treatment
of OMW. Additionally, the concentration of phenols was
reduced from 2210 to 285 mg l−1 after sand filtration and to
108 mg l−1 through the additional step of adsorption on ac-
tivated carbon. Although the removal efficiency of COD by
the three different filtration systems were similar (62–67%)
as can be seen inTable 2, the additional treatment with
activated carbon removes significantly more phenolic com-
pounds and possibly other toxic pollutants that we believe
have toxic effects on the biomass activity. The removal of
the phenolic compound and possibly other toxic materials

Table 2
Effect of physico-chemical treatment type on COD removal

Treatment type CODin
(mg l−1)

CODout

(mg l−1)
COD
removal (%)

GFA paper filtration 148000 56000 62
Sand filtration 148000 52000 65
Sand filtration

+ adsorption by
activated carbon

148000 47000 67

Table 3
Effect of physico-chemical treatment type on anaerobic digestion effi-
ciency

Treatment type COD removal after
incubation of 30 days with
initial COD = 35 g l−1 (%)

Without any pretreatment 40
GFA paper filtration 45
Sand filtration 58
Sand filtration

+ adsorption by
activated carbon

68

that inhibit the growth of microorganisms using sand fil-
tration and PAC contributes significantly on increasing the
efficiency of anaerobic digestion as can be seen inTable 3.
The removal of COD by anaerobic digestion (batch reactor)
was increased after sand filtration for the raw OMW from
45 to 58%, and to 68% after treating the filtrated OMW with
10 g l−1 of PAC. The increase in COD removal efficiency
by about 10% more than the filtrated OMW and 20% more
than the raw OMW (diluted) indicate that activated carbon
contributes significantly to the removal of polyphenols and
therefore led to enhancement of the biological activity.
Subsequently, the biogas production increased when the
OMW was pretreated with activated carbon in this system.
The biogas production can be attributed to enhancement
of the anaerobic activity. These results are in good agree-
ment with the results obtained by Al-Malah et al.[14]. It
has been reported that filtration of OMW removed more
than 55% of the polyphenols while treatment with activated
clay removed about 81% of the polyphenols present in
OMW.

Biological treatment was conducted using both labora-
tory scale anaerobic batch reactors and a bench scale UASB
reactor. Results demonstrated the benefits of anaerobic
treatment of wastewater, specifically a high tolerance for the
steep organic load and inhibiting materials present in OMW.
Fig. 3 shows the COD removal kinetic as a function of
different initial concentrations in batch anaerobic systems.
As can be seen in this figure, removal of organic matter
has not been observed for initial concentrations of 50,000
and 63,000 mg l−1 COD. On the other hand, 40% COD
removal was performed with initial concentrations below
35,000 mg l−1 COD. Removal of 65% of COD was achieved
by the anaerobic treatment of OMW in batch system with
tap water dilution factors below 1:10 (reactor 1) where the
initial COD concentration was about 12,000 mg l−1.

Anaerobic digestion of OMW using a 25 l Plexiglas UASB
reactor inoculated with sludge from the Haifa Wastewater
Plant was evaluated. At pH 7 and 35◦C, an initial concen-
tration of 2000 mg l−1 COD was fed with the mean flow
rate of 3–4 ml min−1. The concentration of the influent in-
creased when the COD removal efficiency reached 60–70%
in order to determine the maximum possible organic loading
rate as well as the maximum influent COD concentration
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Fig. 3. Kinetics of COD (mg l−1) removal vs. initial concentration in the batch systems at 35◦C and pH 7: (�) reactor 1; (�) reactor 2; (�) reactor 3;
(�) reactor 4; (�) reactor 5.

while maintaining satisfactory COD removal. Unlike the
batch systems, the UASB removes more than 80% of the
COD of the influent OMW with a tap water dilution fac-
tor below 1:5, and gas production of 300 l gas kg−1 COD
removed.

Fig. 4 shows the UASB efficiency as COD removal per-
centage as well as the organic loading rate during the per-
formance period of the UASB system. As can be seen from
this figure, COD removal efficiency of 80–90% was reached
even at organic loading rate of 7–8 g COD l−1 per day, which
is equivalent to COD concentration of about 40 g l−1.

The higher tolerance of biomass to high organic loading
in the UASB than the batch reactor could be attributed
to the fact that the laminar flow reactor was performed in
sequences of the three anaerobic activity steps reducing
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Fig. 4. COD removal (%) and organic loading rate (g COD l−1 per day) in the UASB reactor system. Experimental conditions: temperature, 35◦C; pH
7. (�) COD removal (%); (�) OLR.

the negative effect of each step onto the next one. This
could be an advantage of using UASB reactor to reach
better removal efficiency of organic matter without any
further expensive pretreatment or with minimum pretreat-
ment. This interpretation should be addressed with future
study by developing an analytical method for sampling
from different heights in the reactor and analysis of the
samples for different metabolites of the organic compounds
that could represent the three steps of anaerobic activity of
OMW.

Fig. 5 illustrates the production of biogas kg−1 COD re-
moved as the OMW initial COD concentration increased.
The average production of 200–300 l biogas kg−1 COD re-
moved was in accordance with the COD removal. This fig-
ure shows that the decreased dilution (inlet concentration of
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Fig. 5. Biogas production (l kg−1 COD removed) as a function of COD concentration in the inlet. Experimental conditions: seeFig. 4.

more than 30,000 mg l−1) caused a decrease in production
rate of biogas.

4. Conclusions

The efficiency of anaerobic digestion was increased when
preceded by a pretreatment step (physico-chemical treat-
ment). The results showed that treatment of OMW with ac-
tivated carbon, subsequently, after sand filtration resulted in
an increase in COD removal of more than 20%. This result
indicates that a strong adsorbent, such as activated carbon,
could efficiently remove a significant portion of the toxic
compounds, such as phenols, present in OMW. The results
from the biological treatment experiments show that anaer-
obic systems have a high potential to tolerate the steep or-
ganic load and the toxic compounds present in OMW. This
study also shows that the UASB reactor removed more than
80% of the inlet COD concentration of over 40,000 mg l−1,
and produces about 300 l biogas kg−1 COD removed. Un-
like UASB bioreactor, a maximum removal of about 40%
could be reached using a batch bioreactor with initial COD
concentration of 35,000 mg l−1 while COD concentration
higher than 40,000 mg l−1 could not be treated by an anaer-
obic batch reactor.
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