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  The Mediterranean countries are the largest producers of olive oil, 
an industry that produces an environmentally problematic 
effluent, olive mill wastewater (OMW). OMW is a complex effluent 
characterized, among other parameters, by the presence of 
phenolic compounds with low biodegradability. Due to the 
difficult degradation of these compounds, several studies have 
been developed targeting the degradation of phenolic synthetic 
solutions. In the present study, the abatement of five phenolic 
compounds (Trans-cinnamic acid, 3,4-Dihydroxybenzoic, 4-
Hydroxybenzoic, 3,4,5-Trimethoxybenzoic, and 3,4-
Dimethoxybenzoic) was evaluated using ozonation in comparison 
with ozone activated persulfate (O3-PS) and peroxymonosulfate 
(O3-PMS). The processes proved to be quite efficient in the 
degradation of Trans-cinnamic acid. The PS load studied did not 
demonstrate any contribution to the degradation of phenolic acids 
compared to ozone alone. 

Introduction 
The growing demand for quality water is forcing 
society to change the paradigm and look for the 
reuse of treated wastewater whenever possible. 
Industrial activity consumes and produces large 
quantities of water, the disposal of which in public 
sewage treatment plants and/or bodies of water 
continues to be a global problem [1]. The 
management of olive mill wastewater (OMW) in the 
Mediterranean countries continues to be a 
challenge. These wastewaters are quite complex, 
due to the presence of organic compounds that are 
difficult to biodegrade, such as phenolic 
compounds. However, other parameters such as 
dark color, acidic pH, and high organic matter levels 
also contribute to its complexity [2]. Thus, in recent 
years, researchers have studied the applicability of 
advanced oxidation processes (AOPs) for treating 
this effluent. Due to its complexity, in the first phase, 
the new treatment technologies are studied using 
synthetic solutions with known phenolic 
compounds, to grasp insight about the degradation 
mechanism and kinetics [3]. Fenton’s process, 
ozonation, and recently, sulfate radical-based AOPs 
(SR-AOPs) have been applied in the treatment of 
real and synthetic OMW. These processes are 
based on the generation of very reactive free 
radicals with a high capacity to degrade organic 
compounds. The ozonation demonstrated to be an 
efficient technology capable of breaking aromatic 
bonds of phenolic compounds that generally impair 
the efficiency of traditional biological processes. The 
breaking of aromatic bonds forms low molecular 
weight molecules potentially more amenable to 

biotreatment. The SR-AOPs (persulfate and 
peroxymonosulfate) when activated can produce  
•OH and SO4

•− radicals for organic matter removal. 
In recent studies, ozone (O3) demonstrated that it is 
an interesting activator of persulfate (PS) and 
peroxymonosulfate (PMS) for the degradation of 
different contaminants [4].  
Therefore, this work aims to evaluate the 
degradation of five phenolic acids (Trans-cinnamic 
acid, 3,4-Dihydroxybenzoic, 4-hydroxybenzoic, 
3,4,5-Trimethoxybenzoic, and 3,4-
Dimethoxybenzoic) in synthetic OMW comparing 
ozonation,  PS (O3-PS) and PMS (O3-PMS)  
activated by ozone.  
 
Material and Methods 
The solution of synthetic OMW is constituted of five 
phenolic compounds:  Trans-cinnamic acid (TCA), 
3,4-Dihydroxybenzoic (3,4-DHB), 4-
Hydroxybenzoic (4-HB), 3,4,5-Trimethoxybenzoic 
(3,4,5-TMB), and 3,4-Dimethoxybenzoic (3,4-DMB). 
These compounds are dissolved in ultrapure water 
with a concentration of 100 mgL-1 each (about 800 
mgO2L-1 of chemical oxygen demand-COD). The 
reactions were carried out in a 2 L gas/liquid stirred 
reactor. An ozone generator (802N, BMT) was used, 
producing ozone from a stream of pure oxygen. The 
inlet gas flow was set at 0.2 Lmin-1 and the ozone 
inlet and outlet concentrations were monitored 
using two gas analyzers (BMT 963 and 964). The 
samples were analyzed utilizing high-performance 
liquid chromatography (HPLC) (Waters 2695) for 
determining the concentration of phenolic 
compounds and respectively removal. Dosages of 
5mM of PS and PMS were used in the experiments. 
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The COD was analyzed using the Standard Method 
5220D  [5].  
 

Results and Discussion 
Figure 1 shows the removal efficiencies of the five 
phenolic compounds during treatment with 
ozonation (Fig. 1a), O3-PS (Fig.1b), and O3-PMS (Fig. 
1c). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Ozonation has been demonstrated to be quite 
efficient in the degradation of the five phenolic 
acids, although it has demonstrated greater 
efficiency in the degradation of TCA. While PS is not 
activated by O3 (Fig 1b), the same has not been true 
for PMS. Figure 1c shows that PMS allowed 
complete degradation of TCA after 2h while 
reducing the amount of ozone required (TOD). 
Removals of 76, 45, 41 and 59% were obtained for 
3,4-DHB, 4-HB, 3,4- DMB and 3,4,5-TMB 
respectively by the O3-PMS system. Removals of 20 
and 24% of COD were obtained in the ozonation 
process and O3-PMS, respectively. 
  

  
 
Conclusion  
Ozonation, O3-PS and O3-PMS proved to be very efficient in the degradation of the five phenolic acids under 
study. These phenolic compounds are commonly found in real OMW, being one of the main contributors to 
the toxicity of this effluent. The studied processes demonstrated greater efficiency in the degradation of TCA. 
However, PS was not able to be activated by ozone since no differences between ozonation and O3-PS were 
detected. O3-PMS system was able to improve degradation while reducing the amount of ozone required for 
TCA total removal.  
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Figure 1.  Degradation of five phenolic compounds by a) O3 
b) O3-PS and c) O3-PMS during 2h. 


