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STUDY OF THE ELECTROLYTIC DEGRADATION OF ORGANIC 

POLLUTANTS IN WASTEWATER 

 

FERENC MOGYORÓDY1 

 
The electrolytic degradation of organic pollutants in pesticide wastewaters was studied in a three 

electrode system. The lab-scale experiments show complete mineralization. 
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Introduction 

Thiocarbamates are widely used as herbicides and pesticides world-wide. The 

thiocarbamate containing wastewater formed during their production as well as the 

herbicides transferred from the plantations (fields, soil) into the surface waters can be 

regarded as a serious environmental protection problem.  

 Our aim was the possible maximum decontamination of the thiocarbamate herbicides by 

electrochemical degradation. 

 

R
1
N

R
2

C

O

S R
3

NO
3

-

CO
2

SO
4

--

H
2
O

 
 

 

The aim is complete mineralization by electro-oxidation, resulting in the above 

decomposition products from the thiocarbamate molecule. Electrochemical techniques have 

often been considered to be a way of eliminating the toxic compounds contained in certain 

effluents and wastewaters [1]. It is now accepted that a simple modification of the molecular 

structure can considerably reduce the toxicity of a compound [2]. 

 Nowadays, the thiocarbamate wastewater is first treated with Cl2 gas, then it undergoes 

biological treatment, where bacteria degrade the contaminants further, and finally relatively 

clean water leaves the water cleaning system. 

We have studied the electrochemical degradation of five thiocarbamate based herbicide 

(EPTC, Butylate, Cycloate, Molinate, Vernolate) produced by Sagrochem Ltd. The results 

are illustrated for the case of EPTC (S-Ethyl-N,N-dipropyl-thiocarbamate). 
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1. Experimental 

A three electrode system was used in the laboratory experiments: the anode and the cathode 

consisted of an indifferent Pt-mesh with a large surface area; AgCl-electrode was used as 

the reference electrode. The constant potential was maintained by an EF 427 type 

potentiostate. The intermediates produced were analyzed by a Hewlett-Packard 1084B 

HPLC. The determination ot the Total Organic Carbon content (TOC) was done by a 

Heraeous Liqui TOC 2001 instrument. A Hewlett-Packard 8452A diode-array 

spectrophotometer was applied for the determination of the SO4
2- content according to 

standard procedure. 

 

Reagents 

The initial concentration of the EPTC made by Sagrochem Ltd. was 100 ppm.  The 

conducting electrolyte was 0.5 kmol.m-3 NaCl (Reanal). 

 The pH was set by HCl in the acidic or by NaOH in the basic range.  Distilled water was 

used as the solvent. 

 

2. Results and Discussion 

The total degradation of EPTC (its structure shown below) 
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and other thiocarbamates can be realized by chemical oxidation (using chlorine or 

hypochlorite as the oxidizing agent), photochemical oxidation [3] (photolysis or photo 

catalysis by TiO2). These procedures can be extended by the electrochemical oxidation the 

application of which for this problem has not been mentioned in the literature before [4]. 

Based on the oxidation with hypochlorite, we tried to form Cl2 and hypochlorite in situ 

by the electrolysis. The production of hypochlorite by electrolysis has been extensively 

studied in the literature. KELSALL et al. [5] studied the electrolysis of NaCl in aqueous 

solution. 
 

 
Figure 1   

The electrochemical stability diagram of NaCl-H2O system (KELSALL et al. [5]) 
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Depending on the pH and the potential, four stable regions can be distinguished. The 

electrode reactions taking place in this system are the following: 

 

 Anode: 2 Cl−   Cl2 + 2 e−    (2) 

 Cathode: 2 H2O + 2 e−  2 OH− + H2   (3) 

 

The reactions occurring in the solution: 

 Cl2 (aq) + H2O  HClO + Cl− + H+   (4) 

 HClO    H+ + ClO−     (5) 

 

Besides the above reactions, other side reactions can also take place. Thus, the system is 

very complex depending on the pH and the applied potential. The electrochemical 

degradation of the EPTC can be realized in this system based on the fact that in addition to 

the electrochemical oxidation, chemical reaction occurs as well.   

During the electrolysis oxidation takes place on the anode and reduction occurs on the 

cathode.  When the anode is not spatially separated from the cathode, there is possibility for 

no macroscopic change, since the products of the anodic oxidation can be reduced on the 

cathode and vice versa. Therefore, the anode has to be separated from the cathode in many 

cases [6].   

This was not necessary in our experiments, because of the simultaneous electrochemical 

and chemical reactions. The following figures represent the results of the EPTC electrolysis 

in four regions based on HPLC measurements. The initial concentration of EPTC and NaCl 

was the same in every experiment.   

 

 
Figure 2 a)   

The electrolysis of EPTC in the ClO− region (pH = 11; Pot = 1.3 V) 
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Figure 2 b)   

The electrolysis of EPTC in the Cl− region (pH = 7; Pot = 1.1 V) 

 
Figure 2 c)  

 The electrolysis of EPTC in the HClO region (pH = 4; Pot = 1.5 V) 
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Figure 2 d)  

 The electrolysis of EPTC in the Cl2   region (pH = 2; Pot = 1.45 V)  

The pH and the applied potential were varied during the electrolysis of EPTC, and as it is 

shown in Figure 1, the degradation takes place differently depending on these two 

parameters.  All four measurements were carried out up to the same time (2 hrs) and the 

EPTC was totally degraded in all cases except the Cl− region. Only the electrochemical 

oxidation of EPTC occurs in this region, other chemical reaction does not take place.  Thus, 

the EPTC does not degrade totally, and at the same time, the concentrations of the 

intermediates, from the degraded EPTC, having different retention times (Rt) show an 

increase based on the HPLC chromatograms.  The degradation is the fastest in the Cl2 

containing region, and almost as fast in the HClO region. Remarkable, the dramatic 

decrease in the concentration of the EPTC, when practically after only three minutes there 

was no detectable EPTC in the system. Although, intermediates of different retention times 

are produced as well, but they are also degraded. The degradation of EPTC is not so fast in 

the ClO− region, where concentration of the intermediate of retention time of 2.56 increases 

significantly in the beginning, but by the end of the electrolysis, this species also disappears. 
 

 
Figure 3 

The results of the TOC measurements 
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Figure 3 represents the results of the measurements of the Total Organic Carbon (TOC) 

content in the different regions. The TOC decreased with time in all four regions. During 

the electrolysis the TOC decreased to less than half of its initial value in every case except 

the Cl- containing region.  In the ClO− region the final TOC value was almost zero which is 

interesting, because the real industrial wastewater not only contains NaCl but is also 

alkaline, so it is easy to reach complete mineralization in it by electro-oxidation. 

 The results of the SO4
2− measurements are shown in Figure 4. Since initially there was 

not any SO4
2− in our system, it can only be formed from the S atom of EPTC during the 

electrolysis. The S-ethyl group can be removed most easily from the EPTC molecule, which 

after forming diethyl-disulfide (Et-S-S-Et), is finally oxidized to sulfate. Thus, the sulfate-

ion can be formed only in the oxidation of the thiocarbamate molecule in this system.   

 

 

 
Figure 4    

The results of the SO4
2− measurements 

 
Figure 5  

The Chemical Oxygen Demand (COD) and the results of degradability 
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Figure 5 shows the Chemical Oxygen Demand (COD) and results of the degradability 

measurements in the ClO− region. The COD decreases to half of its initial value within 30 

minutes as a result of electrolysis. The degradability increases to 50% relative to the low 

initial value. 

 

Conclusion 

Based on our measurements, it can be concluded that the EPTC can be decomposed by 

electrolysis. Complete mineralization of organic pollutants occurs in lab-scale experiments. 

This could be a new method for wastewater treatment in environmental protection. A 

procedure for the electrochemical degradation of thiocarbamate wastewater has been 

developed.  
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