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In this work, the occurrence of the untreated and treated olive mill wastewaters (OMW) amendment on 
the soil organic matter recycling and on its microbial biomass evolution were investigated. Compared to 
the control, soils amended with untreated and treated OMW showed high levels of organic and mineral 
matters. Soil amended with untreated OMW presents low levels of total and inorganic nitrogen (0.38 ± 
0.03 and 0.08 ± 0.02 mg g-1 dry soil). Treated OMW had a little content of pollutants (COD = 4 g l-1± 0.4; 
phenolic compounds = 0.6 g l-1± 0.04) and organic matter brought by these residues was rapidly 
mineralized in the soil. The number of heterotrophic bacteria was increased (from 54 ± 5 .105 CFU g-1 dry 
soil in control soil to 123 ± 11. 105 CFU g-1 dry soil) in response of the OMW amendment, mainly 
following C/N ratio correction. The amendment of the soil with untreated OMW improved the soil carbon 
content (2.18 times higher) while the specific respiration remained very low. However, the amendment 
with treated OMW positively affects the soil specific respiration that increases from 6.1 in control soil to 
9.75 in soil amended with treated OMW. This phenomenon was accompanied by an enhancement (from 
12 ± 2 .104 CFU g-1 dry soil in control soil to 83 ± 5. 104 CFU g-1 dry soil in soil amended with OMW) of 
nitrifiers number , urease and ammonium oxidases activities.  
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INTRODUCTION 
 
Olive oil industries are of fundamental economic importance 
for many Mediterranean countries that account for approxi-
mately 95% of the worldwide olive oil production (Dhouib 
et al., 2006a). Olive mill wastewaters (OMW) are the 
liquid by-product generated during olive oil production 
(Kapellakis et al., 2006). They are characterized by the 
following chemical properties: a very high content of 
organic matter (COD between 60 and 185 g l-1; BOD5 
between 14 and 75 g l-1), a low pH, and high polyphenols, 

potassium and phosphorus contents (Rinaldi et al., 2003). 
Extremely high organic load and the toxic nature of olive 
mill wastewaters (OMW) prevent their direct discharge 
into domestic wastewaters treatment systems. To solve 
the problems associated with these wastewaters, different 
disposal methods have been proposed (Sayadi and 
Ellouz, 1995; Paredes et al., 2000; Casa et al., 2003; 
Dhouib et al., 2006b). However, the most frequently used 
method nowadays is the direct application to agricultural 
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Table 1. Physico-chemical characteristics of untreated and treated olive mill wastewaters. 
 

Characteristics Untreated OMW Treated OMW 

pH (25°C) 5.1 ± 0.2 8.2 ± 0.2 
Electrical conductivity (25°C) (dS m-1) 8.9 ± 0.1 14.1 ± 0.1 
Chemical oxygen demand (g l-1) 72 ± 2.8 4 ± 0.4 
Biochemical oxygen demand (g l-1) 13 ± 0.9 1.8 ± 0.14 
COD/BOD5 5.53 ± 0.72 2.2 ± 0.32 
Salinity (g l-1) 6.75 ± 0.66 12.1 ± 1.1 
Water content (g l-1) 948 ± 17.2 984 ± 19.5 
Total solids (g l-1) 52 ± 2.98 15.9 ± 0.7 
Ash (g l-1) 8 ± 0.43 10.15 ± 0.5 
Volatile solids (g l-1) 44 ± 1.85 4.8 ± 0.22 
Total organic carbon (g l-1) 25.52 ± 1.18 3.2 ± 0.12 
Total nitrogen Kjeldahl (g l-1) 0.6 ± 0.06 0.21 ± 0.03 
Carbon/Nitrogen 43 ± 1.8 15 ± 0.65 
P (mg l-1) 36 ± 3.6 15 ± 1.1 
Na (g l-1) 0.94 ± 0.09 0.86 ± 0.08 
Cl (g l-1) 1.6 ± 0.15 1.3 ± 0.11 
K (g l-1) 8.8 ± 0.8 5.34 ± 0.6 
Ca (g l-1) 1.2 ± 0.11 3.2 ± 0.2 
Fe (mg l-1) 32 ± 2.9 38.3 ± 3.3 
Mg (mg l-1) 187 ± 18.8 281 ± 27.1 
Ortho-diphenols (g l-1) 9.2 ± 1.8 0.6 ± 0.04 
Toxicity by LUMIStox (% IB) 99 ± 9 30 ± 2.9 

 
 
 

soils as organic fertilizers (Fiestas and Borja, 1992; Nieto 
and Garrido, 1994; Mekki et al., 2006b; Mekki et al., 2007a). 
OMW physico-chemical composition and characteristics 
are well documented (Fiorentino et al., 2003; Allouche et 
al., 2004; Obied et al., 2005). Little is known, however, of 
the impact of OMW on the chemical, biochemical and 
biological properties of soil (Aggelis et al., 2003; Mekki et 
al., 2007b). Indeed, the effect of OMW addition on soil 
organic matter cycles is one of topics that need to be 

addressed from an agricultural point of view. 
The present work was aimed at evaluating the occur-

rence of untreated and treated OMW amendment on the 
soil organic matter recycling and then on its microbial 
biomass evolution. The main goal is to know how much 
the OMW treatment application and its incubation in soil 
can remove its toxicity and their effects on the soil matter 
recycling. 
 
 
MATERIALS AND METHODS 

 
Untreated OMW origin 
 
Untreated olive mill wastewater was taken from a three-phase 
discontinuous extraction factory located in Sfax, Tunisia. 
 
 
Treatment of untreated OMW 
 
The treated OMW was obtained with an integrated process based  

on aerobic fungal pre-treatment using Phanerochaete chrysosporium 
DSMZ 6909 followed by a decantation step then anaerobic digestion 
(Sayadi and Ellouz, 1995). The characteristics of the treated and 
untreated OMW are given in Table 1. 
 
 
Physico-chemical analyses 
 
The pH and the electrical conductivity were determined according 
to Sierra et al. (2001) standard method. Organic matter (OM) was 
determined by combustion of the samples in a furnace at 550°C for 
4 h. Total organic carbon was determined by dry combustion (TOC 
Analyser multi N/C 1000). Total nitrogen was determined by 
Kjeldahl method (1883). Chemical oxygen demand (COD) was 
determined according to Knechtel method (1978). Five-day bio-
chemical oxygen demand (BOD5) was determined by the mano-
metric method with a respirometer (BSB-Controller Model 620 T 
WTW) and phenolic compounds (ortho-diphenols) were quantified 
by means of Folin-Ciocalteu colorimetric method using caffeic acid 
as standard (Box, 1983). The absorbance was determined at l = 
765 nm. 
 
 
Study sites and sampling 
 
The soil of the study area was described in a previous study (Mekki 
et al., 2006 a). The field was divided in 5 plots. S1 and S2 were 
amended with 100 m3 ha-1 of untreated OMW. The amendment is 
achieved without (S1) or after (S2) correction of the C/N/P ratio to 
100/10/1. S3 and S4 were amended with 400 m3 ha-1 of treated 
OMW. The amendment is achieved without (S3) or after (S4) 
correction of the C/N/P ratio to 100/10/1. The fifth plot, plot Sc, was 
not amended and served as a control. 

Amendment was realized in February 2006. Soil samples (S1, S2,  
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Figure 1. Soil organic matter evolution as a function of amended 
OMW and time. 
 
 
 
S3, S4 and Sc) were collected monthly (during 6 months) from 
different parts of each plot from 0 to 20 cm deep, using a soil auger. 
All soil samples, taken from each plot were then mixed, air-dried, 
sieved with a mesh size of 450 µm and stored at 4°C prior to use. 
Water content was immediately determined before air-drying the 
sample.  
 
 
Physico-chemical soils analyses 
 
pH and electrical conductivity were determined according to Sierra  
et al. (2001) standard method. Organic matter was determined after 
furnacing samples at 550°C for 4 h. Total nitrogen was determined 
by the Kjeldahl method (1883). Inorganic nitrogen was determined 
by the Kandeler method (1995). Organic nitrogen is determined by 
difference between total and inorganic nitrogen.  
 
 
Biological soil analyses 
 
10 g of each soil sample was suspended in an erlenmeyer flask 
containing 90 ml of a sterile solution (0.2% of sodium poly-
phosphate (NaPO3)n in distilled water, pH 7.0). The flask was 
shaken at 200 rpm for 2 h. Serial 10-fold dilutions of the samples in 
a 0.85% NaCl solution were plated in triplicate on PCA at 30°C for 
total bacterial counts. Nitrifiers and denitrifiers microorganisms were 
enumerated by the most probable number (MPN) procedure 
(Trolldenier, 1995). The soil biological activity was achieved by 
measuring respirometric evolution in the aerobic condition 
(Öhlinger, 1995). Urease and ammonium oxidases activities were 
determined according to Kandeler et al. (1999).  
 
 
Statistical analysis 
 
For physico-chemical analyses, three replications were used for 
each parameter. For biological soils analyses, each soil sample was 
analysed in duplicate and the dilution series were plated in triplicate 
for each medium. Data were analysed using the ANOVA procedure. 
Variance and standard deviation were determined using Genstat 5 
(second edition for windows). 

 
 
 
 
RESULTS AND DISCUSSION 
 
Treated and untreated OMW characteristics 
 
The physico-chemical characteristics of untreated and 

treated OMW are summarized in Table 1. The high pollutant 
load of untreated OMW and its acidity could be observed. 
However, treated OMW was a slightly alkaline effluent, 
rich in inorganic loads such as potassium, calcium, mag-
nesium and iron. Its content of phenolic compounds was 
lower than 1 g l-1, reflecting a significant reduction of its 
toxicity from 99%IB before treatment to only 30%IB after 
treatment application (Table 1). 
 
 
OMW impact on the physico-chemical soil parameters 
 
Untreated and treated OMW effects on some soil physico-
chemical parameters such as pH, electrical conductivity 
(EC), organic matter (OM), soil nitrogen and soil C/N ratio 
have been studied. Results showed that several chemical 
and biochemical properties of the investigated soil changed 
in response to the application of OMW. The addition of 
treated or untreated OMW with or without C/N ratio correc-
tion didn’t show a significant effect on the initial soil pH. 
Indeed in spite of the initial untreated OMW acidity, the 
follow-up of this parameter during 6 months showed a 
weak reduction of the soil pH (0.2 units). Then, the acidity 
of the untreated OMW was compensated by the soil car-
bonate alkalinity as was shown by Sierra et al. (2001), 
whereas the addition of treated OMW caused a weak 
increase. Indeed, the alkalinity of this waste was not 
buffered by the soil components. 

In the same way, the count of OMW induced an increase 
of the soil electric conductivity. This increase is proportional 
to the added OMW quantity. The increase of the soil Sali-
nity could result from the main ionic species, sodium 
chloride and sulphate, coming from the treated or 
untreated OMW (Zanjari and Nejmeddine, 2001). 

The studied soil is initially poor in organic matter. OMW 
addition improves the soil organic and mineral matters 
amounts. The organic matter supplement brought by 400 
m3 ha-1 of treated OMW is comparable to the one brought 
by 100 m3 ha-1 of untreated OMW (Figure 1). The follow-
up of the biodegradation kinetics of this organic matter 
brought by OMW shows that for the same quantity of 
added organic matter, soil receiving the treated OMW 
(S3) presents a potential of biodegradation 3 times higher 
than the one of soil receiving the untreated OMW (S1). 
The correction of the C/N ratio accelerates this 
biodegradation for soil irrigated with untreated OMW (S2) 
and show a low effect in the case of soil receiving the 
treated OMW (S4) (Figure 1). 

The increase of organic and mineral nutrient contents 
may have a beneficial effect on the soil fertility. Never-
theless, the difficulty of untreated OMW organic matter 
biodegradation can be explained by its richness in 
phenolic compounds which are toxic for the soil biological 
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Figure 2. Soil total nitrogen evolution as a function of amended 
OMW and time. 
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Figure 3. Soil organic nitrogen evolution as a function of amended 
OMW and time. 
 
 
 
activity (Cox et al., 1998). 

The OMW nitrogen content remained negligible com-
pared to the other elements as the carbon and the 
potassium (Table 1). Control soil (SC) is initially poor in 
nitrogen. Soil irrigated with the treated OMW presents 
more important total nitrogen content in that of soil 
receiving untreated OMW (Figure 2). The weak reduction 
of the total nitrogen or even its constancy during the time 
can be explained by the retraining of the different soil 
nitrogen shapes. 

The organic nitrogen brought by the untreated OMW 
presents a slow mineralization. Indeed the affluence in 
suspended matters of untreated OMW enhances the 
immobilization of soil nitrogen. However, the organic 
nitrogen brought by the treated OMW turns quickly into 
inorganic nitrogen, what explains the important reduction 
of the content in organic nitrogen of soil irrigated with 
treated OMW (Figures 3 and 4). 

The slow mineralization of the untreated OMW organic 
nitrogen is due to the composition of this material that faci-
litates its adsorption to soil particles since the untreated 

 
 
 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 1 2 3 4 5 6

Sc S1 S2 S3 S4

M
in

er
al

 n
it

ro
g

en
 (

m
g

 .
 g

-1
 d

ry
 s

o
il

)

Time (months)
 

 
Figure 4. Soil inorganic nitrogen evolution as a function of 
amended OMW and time. 
 
 
 
OMW is very rich in suspended matters. Negative effects 
of raw OMW on soil properties have also been recorded, 
including the immobilization of available nitrogen (Kissi et 
al., 2001).  
 
 
OMW impacts on the biological soil parameters  
 
OMW effects on the soil aerobic heterotrophic bacteria, 
nitrifiers and denitrifiers microorganisms and on the soil 
enzymatic and respirometric activities have been studied.  

The aerobic heterotrophic bacteria counted on the studied 
soil are relatively weak (105 to 106 CFU g-1of dry soil). 
Results showed an initial increase in total number of 
heterotrophic bacteria after the OMW amendment, mainly 
following C/N ratio correction. In line with this finding, 
Paredes et al. (1987) reported also an increase in the 
total viable counts in the soil polluted with OMW (Table 
2). 

The control soil was very poor in organic matter and 
particularly in nitrogen, so the number of nitrifiers micro-
organisms is very weak. The OMW addition increases in 
a meaningful manner their number. This increase is more 
remarkable in the case of soil receiving treated OMW 
(Figure 5). However, from the 4th month after OMW addi-
tion, a reduction of these microorganisms number in all 
tested samples was observed. This decrease could be 
explained by the reduction of the soil organic nitrogen 
content. As it is the case for the nitrifiers, the OMW 
addition improves the presence of denitrifiers whose 
number increases correlatively with the OMW quantity 
(data not shown). 

Indeed, nitrifiers and denitrifiers microorganisms play a 
critical role in the natural nitrogen cycle (Oved et al., 
2001; Mendum and Hirsch, 2002). This microflora could 
be affected by a variety of chemical conditions including 
aromatic compounds and salts. The number of nitrifiers 
shifted from the CFU g-1 number ranging from 11.2 to 
12.4 x 104 in the control soil to CFU g-1 number ranging 
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Table 2. Aerobic heterotrophic bacteria count in the different plots and time (CFU 105 g-1). 
 

Time (month) March April May Jun Jul August 

Sc 54±5 49±5 52±5 49±5 50±5 51±5 
S1 75±7 78±7 72±7 70±6 63±6 64±6 
S2 88±8 103±9 98±8 93±9 96±9 94±8 
S3 117±10 114±10 108±10 106±1 105±10 98±9 
S4 123±11 126±11 117±11 109±10 111±10 107±1 
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Figure 5. Nitrifiers numbers evolution as a function of amended OMW and time. 

 
 
 
 
from 13 to 61 104 in the soil amended with treated OMW. 
Additionally, the decomposition of OMW by soil microbes 
could have induced oxygen depletion in the surface soil, 
thereby inhibiting aerobic microbial activity (Kowalchuk et 
al., 2000; Schloter et al., 2003; Gianfreda et al., 2006). 
Besides, the OMW addition improves the presence of 
denitrifiers whose number increases correlatively with the 
OMW quantity. Indeed, these microorganisms appear more 
resistant to the poisonous compounds that the nitrifying 
bacteria. 

The need to measure the activities of a large number of 
enzymes has been emphasized to provide information on 
soil microbial activity (Sukul, 2006). Urease and ammonium 
oxidases constitute the two major enzymes of nitrogen 
metabolism. Urease plays a key role in the nitrogen cycle; 
it contributes to the transformation of the organic nitrogen 
in ammoniacal assimilated nitrogen (N-NH4). Ammonium 

oxydases assures the transformation of the product of the 
ammonification in assimilated nitrogen by plants (N-NO3) 
(Tscherko et al., 2003). Soils urease and ammonium oxi-
dases activities are stimulated distinctly in soils irrigated 
with treated OMW, whereas the untreated OMW addition 
inhibits these two enzymatic activities (Table 3).  

In this context, Deni and Penninckx (1999) reported that 
addition of hydrocarbon to an uncontaminated soil stimu-
lated immobilization of nitrogen and reduced nitrification 
and soil urease activity. 

The soil respirometric activity constitutes an important 
parameter to understand its biologic activity (Javorekova 
et al., 2001). A respirometric test was achieved on soils 
during 49 days. The specific respiration rate expressed 
as the ratio of C-CO2/Ctot for the different soil samples is 
shown in Figure 6. The amendment of the soil with untreated 
OMW increased the carbon content while the specific
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Table 3. Urease and ammonium oxidases activities detected in soils 6 months after OMW application.  
 

Enzymatic activities  Urease (µg NH4 g
-1 2 h-1)  Ammonium oxidases (µg NO2 g

-1 24 h-1) 

Sc                 30±2.8 0.22±0.02 
S1                   18±2 0.17±0.01 

               S2                  29±2.5 0.21±0.02 
S3                   84±7 0.69±0.06 

               S4                  98±8.2 0.89±0.07 
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Figure 6. Specific respiration C-CO2/Ctot, cumulative C-CO2, and total carbon Ctot of the soil 
samples studied. 

 
 
 
respiration remained very low. Indeed, Rinaldi et al. 
(2003) reported that the affluence of the untreated OMW 
organic matter in toxic phenolic compounds makes 
difficult its biodegradation in the nature. However, the 
amendment of the soil with treated OMW positively 
affects its specific respiration. The initial correction of the 
C/N ratio enhances the specific respiration rate (Figure 
6). 
 
 
Conclusion 
 

Olive mill wastewaters constitute a serious environmental 
problem. Our results seem to confirm that the impact of 
OMW on soil properties was the result of opposite effects, 
depending on the relative amounts of beneficial and toxic 
organic and inorganic compounds present. 

Soil organic matter recycling is assured by its auto-
chthonous microflora. A contaminated soil constitutes an 

environment limiting for the microbial normal develop-
ment, and therefore an unbalance of the soil matter 
cycles. OMW treatment before their application on soil is 
therefore necessary to limit negative impact on the soil 
biological activity.  

Treated olive mill wastewaters with white-rot fungi 
followed by anaerobic digestion contains again relatively 
high amounts of dissolved and suspended organic matter 
in a large volume of water and are potential candidates 
for use as liquid organic amendment especially for soils  
and crops. The use of these waters for soil amendment 
improves its organic pool, bring assimilated nitrogen and 
stimulate the organic matter mineralization. 
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