
INTERNATIONAL CONFERENCE ON INTEGRATED MANAGEMENT OF THE ENVIRONMENT - ICIME 2014

Valorization of treated olive mill wastewater
in fertigation practice

Salma Mseddi1 & Leila Chaari1 & Chokri Belaid1
& Ikram Chakchouk1

& Monem Kallel1

Received: 17 December 2014 /Accepted: 9 March 2015 /Published online: 22 March 2015
# Springer-Verlag Berlin Heidelberg 2015

Abstract Olive mill wastewater (OMW) brings about a major
environmental problem in Tunisia as well as in the other Med-
iterranean countries. Its strong organic load and its toxicity
due to the presence of complex phenolic compounds have dire
effects when applied to soil. To overcome this difficulty, the
OMW pretreatment was investigated in the present work
using the Fenton oxidation reaction with zero-valent iron.
Then, this pretreated wastewater was valorized in fertigation
practice. The effects of the addition of different concentrations
of both treated and raw OMW on soil and cropping system
were investigated. The treatment by Fenton oxidation with
zero-valent iron could reduce 50 % of COD and decrease
53 % of phenolic compounds. OMW application had a tem-
porary effect on the soil pH and EC. The results showed that
the evolution of soil pH and EC was related to the organic
matter of the soil which depends on the spread concentrations
of raw or treated OMW. After 15-day incubation period, the
soil pH and EC tended to stabilize and return to the control
level. Moreover, this stabilization is faster in treated OMW
than that in raw OMW especially for concentrations as high

as 3 and 4 %. Plants cultivated with treated OMW showed an
increase in their germination. The results pointed an improve-
ment in the stem length of plants which is almost similar to
that of the control for both pea and tomato, especially for high
concentrations of 3 and 4 %.

Keywords Olive mill wastewater . Phenolic compounds .

Toxicity . Fenton oxidation . Zero-valent iron .

Fertigation practice

Introduction

Olive cultivation practice is widespread throughout the Med-
iterranean region which produces 97 % of the world’s olive
oil (Kapellakis et al. 2006; Tsagaraki et al. 2007). According
to recent statistics of the International Olive Oil Council
(November 2011), Tunisia is the world’s fourth largest pro-
ducer with 5.9 % of world production. Despite the economic
benefits of the olive oil production, producing countries are
facing an acute environmental problem regarding the season-
al generation of huge quantities of effluents: olive mill
wastewater (OMW). The annual production of OMW, in
the Mediterranean area, reached 30 million m3 and 700,
000 m3 in Tunisia alone (Dhouib et al. 2006). This effluent
is characterized by high polluting activity related to its low
pH, high content of mineral salts, and high organic load
(COD between 40 and 210 g/L). Crognale et al. (2006)
and Ouzounidou et al. (2010) recorded large amounts of
organic molecules constituted by long-chain fatty acids,
lipids, sugars, proteins, and pectins increasing their organic
load (El Hassani et al. 2009a). Furthermore, OMW contains
significant concentrations of polymeric phenolic compounds
(between 0.5 and 24 g/L) that display a lignin-like structure
constituting the most recalcitrant fraction of this effluent
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(Tsioulpas et al. 2002). They are gradually oxidized and/or
polymerized making OMW highly toxic and phytotoxic
(Chatzisymeon et al. 2009; Celano et al. 2008). According
to Quaratino et al. (2007) and Hachicha et al. (2009), phe-
nolic compounds generate antimicrobial and phytotoxic
effects on seed germination, bacteria, and different species
of soil. This is in agreement with studies of Chen et al.
(2010) where they show that synergisms between some phe-
nolic compounds could be also responsible for their high
toxicity. However, nowadays and especially in the Mediter-
ranean countries, the OMW principal destinies are spreading
to agricultural soils and storage in evaporation ponds (El
Hassani et al. 2009b) where it was used as a readily avail-
able and inexpensive option (Oved et al. 2001). Recent stud-
ies have found that the addition of unprocessed OMW
causes significant shifts in the structure and function of mi-
crobial communities, which in turn influences the soil fertil-
ity (Sierra et al. 2001; Mekki et al. 2006, 2007).

Hence, the management of this pollutant wastewater is
of major importance nowadays to find an eco-friendly so-
lution. Various treatment methods have been investigated to
search the best potential solutions. Successful degradation
of organic compounds, reduction of COD, and/or decolor-
ization of OMW have been obtained by physicochemical
methods (e.g., ozonation, coagulation, ultrafiltration, elec-
trochemical oxidation, adsorption) and biological treatments
(aerobic or anaerobic digestion, fungal/enzymatic treat-
ments) and composting process as reviewed by
Mantzavinos and Kalogerakis (2005), Roig et al. (2006),
McNamara et al. (2008), Lafi et al. (2009), Abid and
Sayadi (2006), Justino et al. (2009), (2010), and Aytar
et al. (2013). Advanced oxidation processes (AOPs) should
be regarded as a viable alternative with different efficien-
cies in the phenol degradation (Canizares et al. 2007). The-
se processes employ powerful oxidant agents (e.g., ozone,
hydrogen peroxide, and Fenton reagent) as well as the for-
mation of very reactive oxidizing free radicals (OH·), which
can remove the OMW partial or total organic load. Among
AOPs, Fenton process is the most cost effective and easiest
to apply for the high reduction of COD (Lee and Shoda
2008). The reagent components, a mixture of ferrous ion
and hydrogen peroxide, are environmentally benign since
they generate hydroxyl radicals (OH·) (Kallel et al. 2009).
Studies of Aytar et al. (2013) and Justino et al. (2010)
demonstrated that photo-Fenton oxidation was an attractive
solution with significant reduction of phenolic compounds
and OMW decolorization. Furthermore, as reported by
Kallel et al. (2009), the application of advanced Fenton
processes with iron (0) (zero-valent Fe/H2O2) could be con-
sidered as an effective alternative solution for the OMW
treatment in optimized experimental conditions. On the oth-
er hand, OMW valorization as an amendment in agricul-
ture, either in raw form or after various treatments, the

recuperation of their organic components for use in agricul-
ture and industry, are the most commonly proposed prac-
tices for their disposal (Capasso et al. 2002; Ouzounidou
et al. 2008). Several studies focusing on OMW valorization
found that the use of OMW as a fertilizer, with controlled
application rates, enhances the herbicidal activity (Kotsou
et al. 2004) and has beneficial effects for both crops and
hosting soils (Altieri and Esposito 2010). Indeed, the
OMWs participate actively in land humification because
of their lignocellulosic composition and high levels of poly-
phenols (Sanchez-Monedero et al. 2008). Nevertheless,
OMW direct spreading on agricultural land is limited by
constraints imposed by its composition such as the follow-
ing: oil and grease, high salinity and phenolic compounds
with a phytotoxic effect, particularly due to monomeric
polyphenols (Greco et al. 2006), and antimicrobial proper-
ties that modify the equilibrium of useful soil microorgan-
isms (Barbera et al. 2013).

An integrated approach was proposed in this study, using
an OMW treatment by Fenton oxidation with zero-valent iron
prior to its valorization in fertigation practice. Thus, the aim of
our work was to investigate the effects of the treated OMW
application on seed germination, plant growth and soil
properties.

Material and methods

OMW characterization

The fresh OMW was collected from a three-phase olive-oil
factory located in Sfax (Tunisia) during the olive harvesting
season and stored at 4 °C prior to use in the laboratory
experiments.

The pH and electrical conductivity (EC) were measured
using a pH-meter and conductivity meter, respectively. The
dry weight was determined by weighing the sample before
and after drying overnight at 105 °C. The organic matter con-
tent was determined after combustion of the samples in a
furnace at 550 °C for 4 h. Chemical oxygen demand was
determined according to the (Knechtel 1978) standard meth-
od. Biochemical oxygen demand was measured using the res-
pirometric method. Phenolic compounds were quantified by
the Folin–Ciocalteau method (Box 1983) using gallic acid as
standard. The absorbance was determined at 760 nm. Identi-
fication of these aromatic compounds was carried out by GC/
MS after silylation of OMWorganic phase. Total nitrogen was
determined by the Kjeldahl method. Total phosphorus was
measured calorimetrically. Ca, Mg, Na, K were determined
by atomic absorption (Fisher Scientific ice 3000). Oily frac-
tion was determined according to the standardized method
(JIS K 0102.24.2) after the sample acidification; then, it was
extracted by adding hexane.
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Experimental procedure

Experiments were carried out in a Floclab jar-test (Prolabo)
equipped with six beakers (500-ml capacity). A volume of
hydrogen peroxide (H2O2) was introduced in the reactor,
followed by 500 ml of OMW sample with natural pH without
any dilution. Then, iron metal in a spiral form was introduced.
It was obtained from a metal turner and had a relatively wide
surface area in order to facilitate the corrosion on the iron
metal sheet surface (Kallel et al. 2009). After the introduction
of iron spires, a continuous stirring at 200 rpm was applied.
This process was performed at room temperature (25 °C).

Soil characterization

Sandy soil was selected in our study because such a type of
soil is among the most common in the Mediterranean region,
and it provides weak protection against organic molecules
(Bustamante et al. 2010). The particle size distribution was
determined using the GSA program (Grain Size Analyses:
Yaïch 1994). It was composed of sand (65 %), silt (28, 6 %),
and clay (6%). pH and ECwere determined, respectively, on a
mixture of soil/water (1:2.5 (Pauwels et al. 1992) and 1:5
(Peireira et al. 2009)). The soil organic matter was analyzed
by Walkley–Black method (Walkley 1947). The physico-
chemical characteristics showed an alkaline soil with pH of
8.5, a low electrical conductivity (EC=124 μS/cm), and an
important organic matter content of 1 %. The soil was air-
dried and sieved (2 mm in diameter) before use.

Phytotoxicity test

Phytotoxicity was measured using Zucconi test (Zucconi et al.
1981) by measuring seed germination. Ten seeds from each
type of plant, tomato (Lycopersicon esculentum) and pea
(Pisum sativum), were placed on filter paper in glass Petri
dishes with dimensions of 110 mm×20 mm. Ten milliliters
of OMW samples were then uniformly added to each dish.
The dish was capped and kept in a dark incubator at 25 °C
temperature for 5 days. Ten milliliters of tap water were used
for the controls, instead of OMW. All samples, including the
control, were run in triplicate. All seeds were kept in tap water
for approximately 12 h prior to the initiation of the experi-
ments to accelerate seed growth.

A germination index (GI) was calculated by counting the
grown seeds and determining the average sum of seeds’ root
elongation in a sample as related to the control. The results
were finally expressed as a percentage.

Fertigation practice

Sixteen seeds of two plant species (pea and tomato) were
cultivated in agricultural soil-filled pots (1 kg each). Different

concentrations of raw and treated OMWwere applied on seed
stage. This culture is performed under the same operating
conditions with regular watering plants with rainwater. In fact,
all the pots were placed in a greenhouse designed as a growth
chamber programmed for a 12-h photoperiod with photosyn-
thetic photon flux density of 300 μmol m−2 s−1; temperature,
24±1/18±1 °C day/night; and relative humidity, 60/70±3 %.

The concentrations used are expressed as follows: 0.5 %
(50 m3/ha), 1 % (100 m3/ha), 2 % (200 m3/ha), 3 % (300 m3/
ha), and 4 % (400 m3/ha). The OMW irrigation effect on these
plants was carried out by monitoring their growth during a 20-
day period followed by measuring the stem length. The mon-
itoring of the soil properties was also run in parallel during
1 month.

Results and discussion

OMW characteristics

Table 1 summarizes the OMW physicochemical properties.
This effluent has an acidic pH 4.33. In this case, the oily
fraction, appearing to be highest, reached 1.12 g/L. The
OMW polluting character is expressed by its high concentra-
tion of organic load characterized with a COD, 64 g/L, an
important concentration of phenolic compounds reaching
5 g/L and a high salinity expressed with conductivity equal
to 16 mS/cm. The mineral composition shows a high concen-
tration in potassium and sodium with 2.4 and 1.4 g/L,
respectively.

Table 1 Physicochemical characteristics of fresh OMW sample

Parameters Mean value

pH 4.33

Conductivity (mS/cm) 15.56

Suspended solid content (g L−1) 12.8

Total solid content (g L−1) 70.25

Oily fraction (g L−1) 1.12

COD (g L−1) 64

BOD5 (g L−1) 35

Total phenol (g L−1) 5

Total Kjeldahl nitrogen (g L−1) 0.154

Total phosphorus (g L−1) 0.10

Sodium (g L−1) 1.4

Potassium (g L−1) 2.4

Magnesium (g L−1) 0.32

Calcium (g L−1) 0.38
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Efficiency of Fenton oxidation treatment with zero-valent
iron

The study of Kallel et al. (2009) shows that the application of
advanced Fenton processes with iron (0) could be considered
as an effective alternative solution for the OMW treatment.
Based on this previous study, the optimal experimental condi-
tions chosen in our study are as follows: 10 % as a concentra-
tion of H2O2 and 16 g /L of metallic iron spiral form with a
natural pH and without any dilution.

Experiments show a high performance of Fenton oxidation
with zero-valent iron. The results demonstrate that after only
6 h of reaction time, the OMW was well decolorized corre-
sponding to the degradation of phenolic compounds. More-
over, a significant removal of organic load was recorded with
the decrease of the rate of COD and phenolic compounds.
Figure 1 shows a decrease of COD which reached 50 % after
only 6 h of reaction time. In the same level, Fig. 2 indicates an
important removal of phenolic compounds of about 53 %. As
can be observed in Fig. 3, the obtained chromatograms reveal
the high disappearance of phenolic monomer peaks identified
in the raw OMW (Fig. 3a).

The performance of Fenton oxidation treatment is summa-
rized in Table 2 with the physicochemical characteristics of
treated OMW. Themineral composition of this treated effluent
shows important concentrations of HCO3− and K+ which are
important fertilizers to the soil.

Phytotoxicity test

The determination of germination index for both raw and
treated OMW approves the OMW phytotoxic properties.
The results show no germination regarding peas and tomatoes
irrigated with raw OMW. As for treated OMW, pea seeds
show aweak germination of about 10%.Nevertheless, tomato
seeds do not germinate. This could be due to the acidity of
OMWas well as the persistence of some toxic compounds in
the treated OMW.

Impacts of olive mill wastewater application on soil
and plant growth

Evolution of soil pH

The evolution of soil pH was explored due to the important
variations of this parameter on the soil organic matter and the
biological activity. The OMW low pH (4.33) tended to reduce
soil pH immediately after the applications of both raw and
treated OMW (Fig. 4a, b). This reduction was proportional to
the increase of OMW concentrations. Moreover, the soil pH
continued to decrease for 15 days of incubation (Fig. 4a, b).
This decrease in pH may be due to the acidifying effect of
biochemical ammonium conversion (Gargouri et al. 2014). In
fact, ammonium oxidation produces nitric acid or nitrate
(Camberato 2001). Nevertheless, this change in pH was tem-
porary because 30 days after having applied the OMW, the pH
tended to return to the same level as that of control, particularly
in the case of raw OMW (Fig. 4a) whose pH reached 8.4 after
applying the concentration of 0.5 % compared to the same
concentration of treated OMW whose pH reached 8.2
(Fig. 4b). These findings are in agreement with those reported
by Bustamante et al. (2007) and Haddadin et al. (2009). All
these studies concluded that the increase in pH was due to the
organic matter, especially mineralization of organic acids and
ammonium production.

Evolution of soil EC

The evolution of soil electrical conductivity (EC) reveals the
process of mineralization of organic matter. The results show
that EC increased proportionally with the OMW doses imme-
diately after their incorporation into the soil (Fig. 5a, b). Dur-
ing the first 15 days, the EC increased from 0.12 dS m−1 to
0.61 dSm−1 and from 0.23 to 0.89 dSm−1 for 0.5 and 4% raw
OMW, respectively (Fig. 5a). The same trend of EC evolution
was shown in soils incubated with treated OMW. In fact, dur-
ing the first 15 days, the EC increased from 0.14 to 0.4 dS m−1
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and from 0.26 to 0.63 dS m−1 for 0.5 and 4 % OMW, respec-
tively (Fig. 5b). Throughout this 15-day incubation period, the
increase of EC suggests a biological activity inducing miner-
alization of the organic matter. Also, it can be explained by the
OMW high mineral content. An EC increase after the addition
of OMW was reported by Piñeiro et al. (2008). However, the
results show that after 15 days of incubation, EC decreases
and tends to stabilize and returns to the control value. More-
over, this stabilization is faster in treated OMW (Fig. 5b) than

that in raw OMW (Fig. 5a) especially for concentrations as
high as 3 and 4 % (Fig. 5b). It should be known that the
stabilization of EC values after 2 weeks of incubation was also
reported by Piotrowska et al. (2006).

Evolution of the soil organic matter

Soils irrigated with raw and treated OMW show an enrich-
ment of organic matter (Fig. 6a, b). Indeed, at the initiation of

Fig. 3 GC/MS chromatograms
of raw (a) and treated (b) OMW
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the experiment, the content of organic matter was greater in
these soils than that in the control; it reached around 1.3 % for
the greatest dose (4 %) (Fig. 6a, b). Organic matter content
generally decreased up to the fourth week of incubation
(Gargouri et al. 2014) reaching minimal values as those in
control. The decrease in the amount of organic matter ob-
served after a month of incubation could be explained by the
digestion of this matter by soil microorganisms activated by

Table 2 Physicochemical characteristics of treated OMW sample

Parameters Mean value

pH 4

Suspended solid content (g L−1) 6.4

Total solid content (g L−1) 34.43

Oily fraction (g L−1) 0.69

COD (g L−1) 32

Total phenol (g L−1) 2.37

Total Kjeldahl nitrogen (g L−1) 0.149

Total phosphorus (g L−1) 0.07

Fe2+ (g L−1) 0.04

K+ (g L−1) 2.3

HCO3
− (g L−1) 3.6

Fig. 4 Evolution of the soil pH after application of different
concentrations of raw (a) and treated (b) OMW

Fig. 5 Evolution of the soil EC after application of different
concentrations of raw (a) and treated (b) OMW

Fig. 6 Evolution of the soil organic matter after application of different
concentrations of raw (a) and treated (b) OMW
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OMWaddition. In fact, the OMW is composed of sugars and
proteins that are easily biodegradable (Kotsou et al. 2004).
The results show that the decrease of organic matter reached
20 and 30 % for raw and treated OMW, respectively.

Evolution of the plant growth

Germinability tests on stem length allowed the showing of the
evolution of the pea and tomato germination (Fig. 7). The
irrigation by raw OMWenhanced the germination of pea with
low length of stem which reached a maximum of 1.5 cm for
the great dose (4 %) (Fig. 7a). Nevertheless, raw OMW sup-
pressed seed germination of tomato (Fig. 7c) which is more
sensitive to OMW than the pea. Thus, this reflects the raw
OMW phytotoxicity which is attributed to phenols and fatty
acids.

However, irrigation with treated OMW showed the best
plant growth when compared to that with raw OMW
(Fig. 7b, d). The seed germination proves the reduction of
the treated OMW toxicity by the Fenton oxidation, thus the
performance of this treatment. The results show that the ger-
mination of the stem is almost similar to that of the control for
both pea (Fig. 7b) and tomato (Fig. 7d), especially for high
concentrations of 3 and 4 %. These findings could be

explained by the strongly buffering soil capacity which coun-
terbalances the negative effect of the OMWacidity.

Conclusion

OMWeffluent is one of the most polluted industrial wastewater
throughout the Mediterranean area. The high organic load and
the significant concentrations of phenolic compounds are im-
portant parameters regarding the characterization and the tox-
icity of OMW. In this study, several authors proposed an inte-
grated approach using an OMW treatment by Fenton oxidation
with zero-valent iron followed by its valorization in fertigation
practice with increasing doses (0.5, 1, 2, 3, and 4%) of raw and
treated OMW. Outstanding results were observed.

The treatment by Fenton oxidation with zero-valent iron
shows great performance by the removal of 50 % of COD
after only 6 h of reaction time. In the same level, a significant
removal of phenolic compounds was recorded with the de-
crease of 53 %. The obtained chromatograms reveal the high
disappearance of phenolic monomers peaks identified in the
raw OMW.

OMW application had a temporary effect on the soil pH
and EC. The evolution of these parameters was related to the

Fig. 7 Stem length for peas (a, b) and tomatoes (c, d) as affected by different concentrations of OMW (a, c raw OMW) (b, d treated OMW)
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organic matter of the soil which depends on the OMW con-
centrations applied on soil. After 15-day incubation period,
the soil pH and EC tended to stabilize, especially in treated
OMW for concentrations as high as 3 and 4 %. For seed
germination, the measure of the germination index showed
that raw OMW inhibited totally the seed germination. As for
treated OMW, only pea seeds show a weak germination due to
the acidity of OMW. Nevertheless, in fertigation practice, un-
der some operating greenhouse conditions, the results showed
an improvement in the stem length for both pea and tomato
irrigated with treated OMW. Moreover, the germination of
plants is comparable to that of the control even in the case of
high concentrations of 3 and 4 %. These findings proved the
strongly buffering soil capacity which counterbalances the
negative effect of the OMWacidity. Then, it allows the oppor-
tunity for the best performance for the plant growth.
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