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Abstract: Bioremediation is a process in which microorganisms metabolize contaminants either through oxidative or
reductive processes. As such, it uses relatively low-cost and simple techniques, which generally have high public
acceptance and can often be carried out on site. Under favorable conditions, microorganisms can completely oxidize
organic contaminants and convert them into non-toxic by-products such as carbon dioxide and water or organic acids
and methane. The implementation of bioremediation technology for olive oil mills wastes (OMW) disposal areas
although could be suitable for Mediterranean countries, where the disposal of OMW in open evaporation ponds or
directly on soil is a current and common practice, has not been developed as an alternative soil remediation technology
so far.

1. Introduction
Bioremediation is a process in which microorganisms metabolize contaminants either through
oxidative or reductive processes. As such, it uses relatively low-cost and simple techniques, which
generally have high public acceptance and can often be carried out on site. Under favorable
conditions, microorganisms can completely oxidize organic contaminants and convert them into
non-toxic by-products such as carbon dioxide and water or organic acids and methane. The
implementation of bioremediation technology for olive mill wastewater(OMWW) disposal
areasalthough could be suitable for Mediterranean countries, where the disposal of OMWW in
open evaporation ponds or directly on soil is a current and common practice, has not been
developed as an alternative soil remediation technology so far. In the framework of the LIFE
project “Strategies to improve and protect soil quality from the disposal of Olive Oil Mills Wastes
in the Mediterranean area-PROSODOL” the application of bioremediation technology and its
results at a degraded OMW disposal area was foreseen. In order to develop the most suitable
bioremediation methodology for soil quality improvement, a series of lab experiments were
conducted and the optimum treatment, as regards oxygen, nutrients and water supply was
determined and applied in a pilot area in Crete which is used for surface disposal of OMWW for
more than 15 years.
2. Materials and Methods
2.1 Description of the pilot OMW disposal area
The pilot area is located in the Municipality of Rethymnon, Crete; North latitude is 35º17′while the
East longitude is 24º21′. The region has subtropical/Mediterranean climate and is characterized by
mild winters and dry-hot summers. Soils in the area under study are clayey or silty clayey, slightly
or moderately alkaline and rich in carbonates [1]. The selected disposal area (1 ha) with almost 5%
slope, includes two evaporation ponds, which were constructed by using native soil and simple
engineering, while no impermeable membranes or other protective media were used to protect soil.
The two ponds have dimensions 32m×4.20m×1.70m and of 30m×44m×1.75m, respectively.

2.2 Lab tests and analyses-Feasibility studies
Some of the physicochemical properties of soil samples (control and polluted) are shown in Table 1.
Four potential treatments for the degraded soil plus one without bioremediation treatment (natural
attenuation) were evaluated (Table 2). Plastic containers with 250g of soil were prepared and the
four treatments were applied in triplicate to the soil samples. Prior to the microcosm spiking with
the OMWW, the microcosms were incubated at 20ºC and with moisture controlled at 50% of water
holding capacity (WHC) of soil (Figs. 1a and b). After this period, the microcosms were spiked by
adding 500 m3/ha OMWW (Fig. 1c and 1d). Soil samples from the different microcosms were
collected for the different analysis programmed, at 15 days before the OMW contamination (T0)
and 3 days after then (T1). Soil samples were collected also at the following time periods: i) T2
after 15 days of T1; ii) T3 after one month of OMWW addition and iii) T4 after two month of
OMWW addition. The parameters that were measured in the collected soil samples were
polyphenol concentration by mean of Folin-Ciocalteu’s method [2]; pH, electrical conductivity
(EC), enzyme activities (urease and dehydrogenase activity), phytotoxicity (germination seed
experiment) and ecotoxicity measured by luminescent bacteria.
Table 1. Some of the physicochemical soil properties (control and polluted soil samples)
Parameter
Texture
CaCO3, %
Organic matter, (%)
pH

Control
CL
27
4.3
7.7

Sample
CL
24
6.4
7.7

EC, mS/cm

0.67

1.89

Polyphenols, mg/kg

57

117

Total N, mg/g
Exchnageable K, cmol/kg

2.3
0.6

4.4
7.8

Parameter
Exchnageable Ca, cmol/kg
Exchnageable Mg, cmol/kg
Available P, mg/kg
Available B, mg/kg
Available Fe, mg/kg
Available Cu, mg/kg
Available Mn, mg/kg
Available Zn, mg/kg

120

120

100

100

100

80

80

80

60

60

Luminiscence (% of
control)

120

Initial sampling

40

20

20

60

3 days after OMW
addition

40

0%

50%
Dose of extract

100%

Sample
44
4.0
113
0.6

12

106

2.6

4.6

5.0
0.79

28
1.7

Final Sampling

40
20
0

0

0

Control
46
2.9
16
0.2

0%

20%
40%
Dose of extract

60%

0%

20%
40%
60%
Dosis of extract

Fig. 2. TA treatment: Relationship between bacteria luminescence (% of light output of the control)
and dilution level of the original extract obtained from the polluted soil at T0, T1 and T5 sampling
times.
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