
Solution Ozonation process (OZ) Electroxidación (EO) Ultrasound (US)

[TMX]: 5 ppm Air-ozone Flow: 40 L/h [Na2SO4]: 2,5 g/L P: 188 W

[ICP]: 5 ppm [O3]: 10 mg/L I: 2 A f: 578 kHz

[ACP]: 5 ppm Reactor Volume: 0,8 L Pulse-stop regime: 1:1

[TCP]: 5 ppm

Solution Volume: 1,250 L

The installation consists of a glass cylindrical column 

(ozonation reactor) equipped with a low-pressure mercury 

vapour lamp, a multifrequency ultrasonic generator and an 

electro-chemical reactor consists of a single compartment 

consisting of two circular electrodes. Boron-doped diamond 

(BDD), for anode, and stainless steel (AISI 304) for cathode.  

❖ Two sequential processes: Ranking classified

from lesser to greater global efficacy:
                 OZ-US < EO-US < US-UV < EO-UV < OZ-UV < OZ-EO 
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1. Introduction

Neonicotinoids are a type of pesticides used in the last two decades to control a variety of pests. This 

group of them has reached an enormous economic value and represents one of the most important in the 

current market of plant protection products, displacing dangerous substances such as carbamate and 

organophosphate even pyrethroids. Recent studies have confirmed the presence of these pesticides in 

aquatic ecosystems. This is because they have long average lives in soil and water, where they are 

resistant to hydrolysis at neutral or acidic pH and in anaerobic conditions. Research has shown that 

imidacloprid and thiamethoxam decreases bee population causing a great environmental impact [1]. As 

result, the European Commission included these pollutants in Directive 2008/105 / EC for its control [2]. 

In addition, imidacloprid, thiamethoxam and clothianidin are banned in the European Union. The 

objective of this work was to use different advanced oxidation processes in the degradation of four very 

common neonicotinoids: thiamethoxam (TMX), imidacloprid (ICP), acetamiprid (ACP) and thiacloprid 

(TCP), as well as study the synergy produced by the combination of different processes.  The advanced 

oxidation processes for the removal of selected neonicotinoids were: ozonation (OZ), electro-chemical 

oxidation (EO), ultrasound oxidation (US) and ultraviolet radiation (UV). 

2. Experimental

 

 

 

 

 

 

3. Results and Discussion

❖ Single processes:

 

❖ Three and four sequential processes::

EO-US-UV < OZ-US-UV <OZ-EO-US < OZ-EO-UV = OZ-EO-US-UV

4. References.
Figure 2. Neonicotinoid mineralization

Table 2. Pseudo-first-order kinetic rate constants attained at 30 min. 

Table 1. Operating conditions used in experiments 
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OZ 2,11 0,69 0,26 0,51 0,89 0,00

EO 0,94 0,69 0,37 0,56 0,64 0,64

US 0,09 0,17 0,14 0,21 0,15 0,15

UV 3,33 1,12 0,20 0,71 1,34 0,00

Figure 1. Normalized ICP concentration with time. 
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