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Abstract 
The possibility of water contamination by pharmaceuticals has greatly increased due to the increased and widespread manufacture 
together with extensive use of these compounds. Humans and ecosystems undergo significant risk upon chronic exposure to these 
pharmaceuticals and cumulative build-up of these contaminants in the various environmental compartments. Moreover, conventional water 
treatment methods often cannot degrade these pharmaceuticals. Among different alternative treatment methods, electrochemical 
degradation (ED), which depends on the generated ions in aquatic medium, has already proved to be a promising and interesting 
technique for effective oxidation of various organic pollutants. However, choice of electrode material largely contributes to the effectiveness 
of ED. Consequently costly electrodes had been chosen in most studies significantly decreasing the affordability of the ED process for 
waste water treatment application. Accordingly the objective of the present work is to evaluate low cost material as electrodes in ED 
process for degrading pharmaceutical compounds. Iron, aluminum and conductive carbon are the low cost electrode materials examined in 
the study. Methylene blue (MB) is chosen as a model pharmaceutical. The effect of electrode materials with varying pollutant concentration, 
current density and concentration of conductivity modifier are thoroughly examined using common salt and alum as conductivity modifier to 
find out the optimum condition for decolorization of MB. The results showed that 95 percent decolorization of 100 mg/l MB can be achieved 
at 10 minutes in ED process with conductive carbon electrode using 5g/l common salt as conductivity modifier. The electrodes are 
characterized by gravimetric and microscopic analysis. Negligible loss of electrodes mass but change in surface composition of electrodes 
has been observed for ED process associated with significant mineralization of pharmaceuticals. The novelty is that the present work 
demonstrates an alternative decolorization (and mineralization) option using low cost electrode materials which can significantly enhance 
the affordability and acceptability of the ED process for degrading pharmaceutical pollutants.  

Index Terms— degradation, electrochemical, electrodes, low cost materials, methylene blue, pharmaceutical, pollutants, water.  
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1 INTRODUCTION                                                                     
HE contamination of water by pharmaceuticals has great-
ly increased due to widespread manufacture and exten-
sive use of pharmaceutical compounds. In addition, con-

ventional water treatment methods often cannot degrade the 
pharmaceutical compounds. The importunate exposure to the 
pharmaceuticals and growing accumulation in the various 
environmental compartments pose momentous threat to hu-
mans and ecosystems [1-7]. Different treatment techniques, 
such as flocculation combined with flotation, ion exchange, 
membrane filtration, adsorption and coagulation have been 
evaluated in earlier studies for degradation of pharmaceuticals 
[8-10]. However, these treatment techniques either have opera-
tional problem or are expensive [11-14]. Among alternative 
treatment options, electrochemical degradation (ED), holds 
great potential for degradation of various organic pollutants, 
including pharmaceuticals [15-17]. But, the choice of electrode 
material has significant influence on the effectiveness of ED.  
 
The costly electrode materials had been largely investigated in 
various studies for ED of organic pollutants which significant-
ly decrease the affordability of the ED process for waste water 
treatment application [18-27]. Accordingly the objective of the 

present work is to evaluate low cost material as electrodes in 
ED process for degrading pharmaceutical compounds. Iron, 
aluminum and conductive carbon are the low cost electrode 
materials examined in the study. Methylene blue (MB), 3,7-
bis(Dimethylamino)-phenazathionium chloride trihydrate, is 
chosen as a model pharmaceutical and the effect of electrode 
materials with varying pollutant concentration, current densi-
ty and concentration of conductivity modifier are thoroughly 
investigated using common salt as electrolyte (conductivity 
modifier) to find out the optimum condition for decolorization 
of MB.  

2 MATERIALS AND METHODS 
The electrode materials, iron (sheet with 0.5 mm thickness) and alu-
minum (sheet with 0.25 mm thickness) are procured from local mar-
ket (commercial grade). A carbon prepared in house with low resis-
tivity (of 2.5 ± 0.35 ohms/cm) is evaluated as electrode materials. 
Electrodes are fabricated in-house (institute workshop). The ED ex-
perimental setup consists of a regulated DC Power supply (A) con-
nected with the electrodes (B) with an insulating copper wire (C). 
The electrodes (B) were then dipped into one electrolytic cell (D), 
filled by the experimental liquid (E). The experimental solution was 
continuously stirrer with the help of a magnetic stirring bar (F) and a 
magnetic stirrer (G). A regulated DC Power supply (LQ6324, Aplab, 
Thane, India) capable of varying the current from 0-2 ampere (A) 
was used for applying potential across electrodes. A 200 ml open 
cylindrical vessel with electrodes with effective cross sectional area 
of 4000 mm2 (0.004 m2) is chosen for the experiment, such that the 
current density was kept at 250, 375 and 500 A/m2. The separation 
distance between electrodes was maintained at 20 mm. The electro-
lyte or conductivity modifier, namely common salt, was examined at 
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molar concentration of 2.5 g/l, 5 g/l , 7.5 g/l. The concentration of 
MB (pollutant) was varied from 100 mg/l to 500 mg/l. All experi-
ments are conducted under ambient condition under stirring at rate 
200 rpm using magnetic stirrer (5MLH, Remi, Mumbai, India). The 
experimental parameters were  examined in  one  factor  at  a  time 
approach. The iron, aluminum and carbon electrodes before and after 
ED was characterized using a field emission scanning electron mi-
croscope (SEM) (Quanta 200, FEI Company, Hillsboro, OR) and 
energy dispersive spectroscopy (EDS) with GENESIS material char-
acterization software (EDAX Inc., Mahwah, NJ) to analyze the stoi-
chiometric composition of the electrodes. The decolorization of MB 
was monitored at 664 nm (λmax) in UV/Vis Spectrophotometer 
(Lamda35, Perkin Elmer, India) with Winlab software (Perkin Elmer, 
India) and mineralization is studied using total organic carbon (TOC) 
analyzer (TOC-LPH, Shimadzu Asia Pacific, Singapore). The con-
centrations were computed through in-house calibration from respec-
tive instrumental measurements. The computed decolorization kinet-
ics was used to compute the apparent rate constants for oxidation of 
MB are monitored. All chemicals used in the study are of research 
grade and obtained from Merck, India. The water used in the study is 
of ultra-pure grade (>18Mohm resistivity) generated in house (Op-
tion Q, Elga, India). 

3 RESULTS AND DISCUSSION 
3.1 Kinetic study 
The decolorization profile of MB for a pollutant concentration is 
presented in Figure 1a. A constant decrease of absorbance at λmax 
was observed in electrochemical degradation (ED) of MB. The de-
colorization data of MB well fitted the first order kinetics (Fig. 1b). 
The ED of MB at different concentration level followed the same 
rate order. Mineralization study was conducted to confirm the degra-
dation of MB associated with the decolorization. The mineralization 
study confirmed the degradation of MB during decolorization. The 
extent of mineralization well correlated with decolorization level 
observed at different parameter settings. Highest mineralization was 
recorded for 200 mg/l MB in 10 min time at 500 A/m2 current densi-
ty with carbon electrodes. 

3.2 Effect of current density 
The current density for ED was varied by changing the ap-
plied current across electrode. The effect of  current density for 
ED was studied for 100 mg/l MB with 5 g/l common salt  us-
ing carbon electrode.  The current density was varied from 250 
A/m2 to 500 A/m2. Increase in current density increases the 
availability of electron at the electrode surface. The electrons 
mediate the decolorization of MB. Accordingly, the decolori-
zation of MB was observed to increase linearly with the in-
crease of current density (Figure 2a). 

3.3 Effect of MB concentration 
The effect of MB concentration on ED was studied at 500 A/m2 cur-
rent density with 5 g/l common salt for MB concentration varying 
from 100 mg/l to 500 mg/l. The decolorization of MB increases with 
increase in MB concentration from 100 mg/l to 200 mg/l, however 
on further increase in MB concentration decolorization decreases 
(Figure 2b). Increase in MB concentration initially increases the uti-
lization of electrons but at higher concentrations available electrons 
at a specific current density limit the decolorization of the MB.  

 

 

Figure 1. (a) Decolorization profile of MB and (b) rate kinetics of 
decolorization of MB using carbon electrodes with 5 g/l common salt 
at 500 A/m2 current density for 100mg/l MB concentration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The effect of - (a) current density at 100 mg/l MB and     
(b) MB concentration at 500 A/m2 on  decolorization percent with 5 
g/l common salt  using carbon electrode. 
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3.4 Effect of electrolyte concentration 
The decolorization of 100 mg/l MB was studied at 500A/m2 current 
density with common salt as electrolyte at  three different concentra-
tions varying from 2.5g/l to 5g/l to investigate the effect of electro-
lyte concentration on decolorization and apparent rate. The optimum 
electrolyte level for ED was identified at 5 g/l concentration (Figure 
3a). Increase in electrolyte concentration beyond 5 g/l hinder the 
decolorization of MB. At higher concentration of common salt (elec-
trolyte), the abundant chloride ions compete with MB for electrons at 
electrode which impede the decolorization of MB.  

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
Figure 3. The effect of - (a) electrolyte concentration and (b) elec-
trode material on decolorization of  100 mg/l MB at 500 A/m2       

current density. 

3.5 Comparison of electrodes 
The ED studies were performed with electrodes constructed of dif-
ferent electrode materials at 500A/m2 current density with 100 mg/l 
MB using 5 g/l common salt as electrolyte. Among the three elec-
trode materials, namely, iron, aluminum and carbon, that were evalu-
ated, carbon recorded a maximum of 95% decolorization within 10 
minutes time, followed by iron and later by aluminum (Figure 3b). 
The mass loss of carbon and aluminum electrodes was comparatively 
lower than iron and a maximum of 2% mass loss was recorded for 
iron electrode (Table 1). Blank experiment (without current) were 
conducted to determine the absorption based loss of MB. For all the 
three electrodes the absorption based loss of MB was negligible, 
maximum being around 4% for carbon. 

3.6 Characterization of electrodes 
The electrodes (iron, aluminum and carbon) before and after electro-
chemical degradation was characterized by EDS to determine the 
stoichiometric composition. The EDS spectrum showed that before 
electrochemical treatment the electrodes were primarily constituted 
of the respective element, namely, iron, aluminum and carbon. How-
ever stoichiometric fraction of oxygen at the electrode surface in-
creased after treatment (Table 1). The increment in weight percent of 
oxygen at electrode surface is about 20% for iron, 8% for aluminum, 
and 14% for carbon. The presence of oxygen as constituent at elec-
trode surface confirmed the formation of metal oxo-ions for iron and 
aluminum and oxidative degradation mechanism of MB  in the ED 
process [28 -30]. The decrease in weight percent of constituent ele-
ment was lowest for aluminum (7%) and highest for iron (18%). The 
weight proportion of constituent element (carbon) was reduced 
around 15% for carbon electrode after ED process.  
 

TABLE 1: The effect of electrochemical degradation on electrode for 
different electrode material 

Electrode 
materials 

ED 
parameter 

Anode Anode composition 
Mass loss 

after  
treatment 

Before  
treatment 

After  
treatment 

Iron (Fe) 500 A/m2, 
60 min  

     2 % Fe 78.6% 
 O 15.2% 

Fe 60.1% 
O 34.7% 

Aluminum 
(Al) 

500 A/m2, 
60 min 

< 1% Al 75.5% 
 O 19.4% 

Al 67.8% 
 O 27.1% 

Carbon (C) 500 A/m2, 
60 min 

< 1% C 86.1% 
O 8.0% 

C 71.3% 
O 21.6% 

 
 
TABLE 2: Comparative study of electrochemical degradation with 

the literature. 

Electrode 
materials 

Parameter Decoloriza-
tion 

Reference 

Platinum on 
activated 
carbon 

0.1A, 20 min,  
0.1 mM NaCl,  
pH 3-5 

97.6% Li et al, 2013 

Platinum 0.6V, 90 min, 
0.5M KCl,   
pH 2 

72% Hasnat et al, 2014 

Zinc,  
Copper, 
Platinum 

40 mA/cm2,  
0.2M NaCl, 

Zinc 56% 
Copper 43% 
Platinum 50% 

Rao and Venkata-
rangaiah, 2014 

Iron 500 A/m2,  
10 min,  
5 g/L NaCl 

92.5% Present  
study 

Carbon 500 A/m2,  
10 min,  
5 g/L NaCl 

95% Present  
study 
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3 CONCLUSIONS 
The effects of different operating variables, namely, current density, 
electrolyte concentration and pollutant concentration on decoloriza-
tion of a model pharmaceutical compound, MB, were evaluated in 
the study in one-factor-at-a-time approach. The decolorization of MB 
was correlated with mineralization to confirm the degradation of the 
model pollutant at each factor level setting. Increased current density 
linearly effected increased the decolorization of MB. The maximum 
decolorization of MB was recorded at optimum level of electrolyte 
(common salt) concentration of 5 g/l and pollutant (MB) concentra-
tion of 200 mg/l. Among three low cost electrode materials evaluated 
in this study, carbon was observed to have highest decolorization and 
mineralization percent. 99% decolorization was recorded  in the ED 
process for 200  mg/l MB concentration at 500A/m2 current density 
with 5 g/l common salt electrolyte in 10 minutes using carbon elec-
trode. The extent decolorization of MB reported in this study is well 
comparable with that reported in the literature for expensive plati-
num electrode. Thus the present study demonstrated an alternative 
treatment option for recalcitrant and hazardous pollutants, such as, 
for pharmaceuticals contaminants, using low cost electrode materials 
in ED process. The application of low cost materials as electrode can 
significantly enhance the affordability and acceptability of the ED 
process as alternative treatment for various contaminants including 
pharmaceuticals. 
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