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Ab str ac t 

Olive oil production is a traditional agricultural industry in Mediterranean countries and Portugal is one 
of the ten major producers. This industry generates an effluent, olive mill wastewater (OMW), which 
does not undergo any treatment and, usually, is stored in evaporation lagoons or spread on the land. 
Disposal of olive oil mill wastewaters is a serious environmental problem due to its high organic 
loading, presence of polyphenols and tannins, high content in suspended solids and acidity, which 
contributes to its ecotoxicity. In this work it was intended to study the biodegradation of OMW by 
microrganisms naturally present in these wastewaters. Thus, an aerobic biological treatment system: 
a packed-bed batch reactor was applied to a OMW from a mill on northern of Portugal, exploring its 
autochthon microbial population as inoculum. The biodegradation ability of OMW by microrganisms 
naturally present in these wastewaters was assessed, by following the evolution of the process and 
monitoring several of its physico-chemical parameters. Furthermore, an ecotoxicological evaluation, 
using chronic toxicity tests (Pseudomonas putida growth inhibition test and Vibrio fisheri growth 
inhibition test), was performed to follow the detoxification capacity of the system as well as its 
potential to be used in the treatment of this type of agroindustrial effluent. 

Introduction 

Olive oil production is a traditional agricultural industry in Mediterranean countries and 
Portugal is one of the ten major producers. This industry generates an effluent, olive mill 
wastewater (OMW), which does not undergo any treatment and, usually, is stored in evaporation 
lagoons or spread on the land.  

Disposal of olive oil mill wastewaters is a serious environmental problem due to its high 
organic loading, presence of polyphenols and tannins, high content in suspended solids and acidity, 
which contributes to its ecotoxicity.  

In this work it was intended to study the biodegradation of OMW by microrganisms 
naturally present in these wastewaters. Thus, an aerobic biological treatment system: a packed-
bed batch reactor was applied to a OMW from a mill on northern of Portugal, exploring its 
autochthon microbial population as inoculum. The biodegradation ability of OMW by 
microrganisms naturally present in these wastewaters was assessed, by following the evolution 



of the process and monitoring several of its physico-chemical parameters. Furthermore, an 
ecotoxicological evaluation, using chronic toxicity tests (Pseudomonas putida growth inhibition 
test and Vibrio fisheri growth inhibition test), was performed to follow the detoxification capacity 
of the system as well as its potential to be used in the treatment of this type of agroindustrial 
effluent. 

Materials and Methods  

Effluent sampling and characterization - Sampling of olive mill wastewaters was carried out 
from a lagoon of a Portuguese mill farm (Alfândega da Fé, Trás-os-Montes, Portugal). The 
characterization of OMW, untreated and treated samples, generally was conducted according to 
the physico-chemical methods described in Standard Methods for the Examination of Water and 
Wastewater (APHA, 1998). 

Biological Packed-Bed Batch Reactor - A 60 litter’s vessel was filled with a packaging of 
plastic material consisting of a cubic geometry (Biological Carrier Media from Rauschert). The 
non-inoculated reactor was filled with OMW and the effluent was re-circulated daily for 
homogeneity. The vessel was kept closed and at the average room temperature (≈ 23ºC). 

Microbial Characterization - The OMW microbial population was characterised at the 
beginning of the assay and during the treatment process (0 days, 60 days and 140 days). Microbial 
colonies were counted as colony forming units (CFU/ ml sample) in a complete medium (total 
bacteria and fungi) using the spread plate method. The phenol-degrading microorganisms were 
screening in mineral agar medium with selective phenolic substrates. 

Ecotoxicological Evaluation - The ecotoxicological evaluation of OMW samples, collected 
during the treatment process (0 days, 60 days and 140 days), was carried out using two 
miniaturized chronic bacterial toxicity tests: The Pseudomonas putida growth inhibition test (ISO 
10712, 1995) and the Vibrio fisheri growth inhibition test (DIN 38412-L37, 1999). 

Results and Discussion  

The biodegradation ability of OMW by the microrganisms naturally present in these 
wastewaters was assessed monitoring several physico-chemical parameters (pH, COD, TSS, 
phenol content, total phosphorus and nitrates) during a biological treatment process carried out in 
a packed-bed batch reactor. The system studied in this work led to a reasonable removal of COD, 
TSS and phenol content from OMW. There was a removal of 80% COD, 71% TSS and 61% phenol 
content in 140 days.  

The results of the microbial characterization are presented in Table 1. These results 
demonstrated that this active microbial community present is able to grow under the established 
conditions. The high number of colonies observed in caffeic and siryngic plates (108 - 109) during 
the later stage of the treatment (T140 d) demonstrated a significant polyphenols degrading 



potential by the microbial population. This high number of active degraders present at the end of 
the treatment highlights for their potential to extent the treatment process, enhancing the 
efficiency of process.  

Table 1.  Microbial characterization (CFU/ml) of OMW samples collected during the biological treatment process                              
(0, 60 and 140 days of treatment). 

 

M icr oorg an isms (CFU /ml ) 
O M W 

Samp le s  
H e te rotr op h i c 

b acte ria  Ye a st/M old s  
Caffe ic  a c id   

d e g ra d in g  co lon ie s  
Siryn g ic ac id    

d e g rad in g  co lon ie s  

T0 d 1.6x108 2.5x108 3.9x106 4.0x106 

T60 d 2.8x109 2.6x108 4.8x106 1.2x106 

T140 d >1.0x1011 2.0x106 9.2x108 1.5x109 

 

The ecotoxicity results (Table 2) showed a significant decrease in the chronic toxicity of the 
treated OMW to both bacteria, V. fischeri (62.8%) and P. putida (64.3%), after 140 d of treatment, 
however the OMW sample-T140 d is still toxic to be discharged directly in the environment (IC50-6h 
= 23.8% for V. fischeri and IC50-16h = 32.4% for P. putida). 

Previous works already shown that V. fischeri in a bioluminescent bioassay was the most 
sensitive microorganism in testing OMW acute toxicity (Paixão et al., 1999), but this study using V. 
fischeri in a growth inhibition assay for the determination of the OMW chronic toxicity, also 
demonstrated its higher sensitivity. V. fischeri presented lower values of IC50s than P. putida for 
OMW samples.  

Table 2. Ecotoxicity results, IC50-16h (%) and IC50-6h (%), obtained in P. putida and V. fisheri   growth inhibition tests, 
respectively, for OMW samples collected during the treatment process  (0 days, 60 days and 140 days). 

P. p u t id a  G r owth  In h . te st  V. f ish e ri Gr o wth  In h . Te st  
O M W  Samp le s  IC50-16h (%) CI (95%) IC50-6h (%) CI (95%) 

T0 d 11.57 10.60-14.85 8.91 5.16-10.98 

 T60 d  13.48 12.06-15.07 8.67 7.96-9.17 

 T140 d  32.43 28.07-39.23 23.98 16.38-32.88 

                  Inh. – Inhibition, IC50 – Median Inhibitory Concentration, CI – Confidence Interval 

 

Conclusion 

The system studied in this work led to a reasonable removal of COD, TSS and phenol content from 
OMW. There was a removal of 80% COD, 71% TSS and 61% phenol content in 140 d.  

The presence of the autochthon microbial population was detected in the olive oil wastewater 



samples since the beginning but the treatment induced a great increase in the active microbial 
community, with a significant increase of polyphenol degrader population (108-109 CFU/ml), 
permitting that an effective degradation and mineralization of the complex organic matter took 
place.   

Together with the COD, TSS and phenol removal, a significant decrease (> 60%) in the chronic 
toxicity of the treated OMW, after 140 d of treatment, was also observed to both bacteria tested 
(P. putida and V. fischeri), highlighting the detoxification potential of the system studied. 

So, the high reduction of the organic loading and its associated toxicity make this simple and 
inexpensive biological aerobic reactor system, based on the stimulation of the OMW’autochthon 
microbial population potential, a promising technique to be used as an aerobic pretreatment stage 
to feed a complementary enhanced anaerobic digestion system of OMW, after detoxification, on 
an integrated aerobic-anaerobic system. 
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