
200

INTRODUCTION

Restaurants are one of the kinds of business 
that is growing rapidly in Bali province of Indo-
nesia. The growth of restaurant business without 
respect to the environment may potentially have 
a negative impact on environmental sustainability 
due to a wastewater that is produced as a by-prod-
uct. The restaurant wastewater has a characteris-
tic high content of organic pollutant, which is in-
dicated with the extremely high COD value, TSS 
and fat, oil and grease (FOG). The main factor 
contributing to the high content of organic pol-
lutants from restaurant wastewater comes from 
food preparation materials such as meat, fat, oils, 
fats and also the use of cleaning agents such as 
disinfectants, cleaners, and soaps. The high con-
centrations of soluble organics pollutant in the 
wastewater have a negative impact to the envi-
ronment due to the unpleasant odors generated. 
The organic compound in a restaurant should be 
properly reduced to acceptable levels through the 

application of the suitable technology before be-
ing discharged into the environment.

Numerous studies have been conducted to re-
move the organic pollutants from the restaurant 
wastewater, such as the chemical methods us-
ing advanced oxidation process[Krzeminska et 
al. 2015], electrocoagulation [Chen at al. 2000]; 
physical methods through ultrafiltration and 
nanofiltration membranes [Zulaikha et al. 2014]; 
as well as the biological method with a combined 
activated sludge-contact aeration system [Chen 
and Lo. 2006]. Most of the available technologies 
cannot be applied in industry, especially small 
industries, due to high operational cost and the 
requirement of a qualified staff for the operation. 
On the other hand, the technology for treatment 
restaurant wastewater has to be simple, inexpen-
sive and operated easily because the profit mar-
gins of most restaurants are quite small.

The electrochemical oxidation is a simple, 
low cost technology but has a high efficiency 
for the treatment wastewater. This technology is 
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ABSTRACT
The removal of organic matter from the restaurant wastewater was investigated using the electrochemical oxida-
tion method with multi carbon electrodes in a parallel construction. The degradation process was monitored by the 
measurement of COD concentration as a function of electrolysis time. The effect of operating parameter condi-
tions on COD removal were investigated including initial pH, distance between electrodes, and the applied voltage 
difference. The results showed that the treatment of restaurant wastewater containing 2 g/L chloride ion using the 
electrochemical oxidation technique at the operation conditions characterized by: pH 5, distance between electrode 
of 10 cm and applied voltage of 12 V, enabled to obtained COD removal of 92.84% within 90 min electrolysis 
time. It is can be concluded that the indirect electrochemical oxidation method with multi carbon electrodes can be 
used effectively as an alternative technology for reducing COD and may be potentially applied for removal organic 
pollutants from wastewater at the industrial scale.
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Figure 1. Performance of electrochemical oxidation reactor set up.

relatively new and considered a green technology 
because it does not add any external chemicals. 
The electro-oxidation process of pollutants can 
be formed in two ways: direct oxidation and in-
direct oxidation. In the direct electro-oxidation, 
pollutants are oxidized after adsorption on the 
anode surface without the involvement of others 
substance [Can 2014]

On the other hand, the indirect electro-oxi-
dation comprises two steps: in the first step, the 
electrolytes are oxidized at the anode to generate 
the strong oxidizing agents such as hipochlorous 
acid, chlorine, hydrogen peroxide. In the second 
step, these oxidants oxidize the pollutants and 
convert them into the simpler compounds like 
carbon dioxide and water [Rajeshwar et al. 1997]. 
This technology has been tested at laboratory 
scale and proven to successfully remove pollut-
ants from paper mill effluent [Zayas et al. 2011], 
landfill leachate [Rada et al. 2013], oil refinery 
wastewater [Candido et al. 2013], petrochemi-
cal effluents [Huitle et al. 2014], pharmaceutical 
wastewater [Coria et al. 2014], textile wastewater 
[Subramaniam et al. 2016, Najafpoor et al. 2017] 
and domestic wastewater [Akarsu et al. 2017].

The aim of the present study is to assess 
the capability of indirect electrochemical oxi-
dation with multi carbon electrodes in the deg-
radation of restaurant wastewater. The operat-
ing parameters involving the initial pH, applied 
potential, and the distance between electrodes 
also were investigated. 

MATERIALS AND METHODS

Sample collection 

The restaurant wastewater under study was 
taken from a Chinese food restaurant in the Bule-
leng district of Bali, Indonesia. The samples were 

collected in plastic tanks; COD and initial pH 
before treatment were analyzed based on APHA 
standard methods 5220C for COD analysis and 
APHA standard methods 4500H for pH measure-
ment. The measurement of Initial pH and COD 
value for restaurant wastewater samples were ob-
tained for 6.75 units and 1440 mg/L.

The indirect electrochemical oxidation 
reactor set up

The indirect electrochemical oxidation reac-
tor was made for an acrylic sheet with dimension 
of 60×30×25 cm. Reactor of electrochemical oxi-
dation set up for wastewater treatment was pre-
sented in Figure 1. 

Degradation experiment of restaurant waste-
water was done in an electrochemical oxidation 
cell reactor with a volume of 2.50 L. The multi 
carbon (5 anodes and 5 cathodes) with the diam-
eter of 1 cm and length of 10 cm was used as the 
electrode. Multi carbon electrodes were arranged 
in a parallel system and connected to DC power 
supply. A stirrer was employed in the reactor to 
ensure homogeneity of the restaurant wastewa-
ter. The investigated operating parameters that 
influence the COD removal efficiency include 
initial pH, the distance between electrodes, 
and applied voltage. 

RESULT AND DISCUSSION

The effect of pH

The performance of electrochemical oxidation 
is pH dependent. In the electro-oxidation process, 
chloride ion is used as the supporting electrolyte 
for generating active chlorines (Cl2, HOCl and 
ClO-) of different ratio influenced by the pH. The 
effect of initial pH on COD removal efficiency of 
the restaurant wastewater was investigated at dif-
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ferent pH range from 3 to 10 with the use HCl and 
NaOH concentrated to adjust the pH. In the entire 
experiment, the electrolysis was performed at the 
voltage of 12 V with wastewater sample contain-
ing 2 g/L chloride ion. The percent COD removal 
in each experiment was monitored as a function 
of electrolysis duration. The effect of initial pH on 
COD removal is presented in Figure 2.

As can be observed from Figure 3, the pH is 
an important factor influencing the percent COD 
removal. The removal efficiency of COD has in-
creased up to the pH of 5 due to the generation 
of hypochlorous acid at anode which would be 
higher at acidic condition. The electrolysis of 
chloride ion at anode surface generating the ac-
tive chlorines (Cl2, HOCl, ClO-) which are strong 
oxidizing agents with standard reduction poten-
tial (Eored) value were 1.36 V, 1.49 V and 0.89 V 
vs SHE, respectively. On the basis of the standard 
reduction potential value, the increasing oxidant 
activity was as followsŁ HOCl > Cl2 > ClO-. The 
proportion of active chlorines generation is pH 
dependent. The electrolysis of chloride ions at 
low pH (pH < 3.3) predominantlz produced chlo-

rine gas, at the pH range of 3.3 < pH < 7.5. The ac-
tive chlorines were present as hypochlorous acid 
whereas hypochlorite ion was mainly present at 
pH > 7.5 [Azeroual at al. 2017]. In this work, the 
obtained COD removal efficiency from restaurant 
wastewater was 92% at pH of 5. The optimum 
pH found in this research was slight different 
from the one obtained by Babu et al. 2012 who 
reported that the indirect electro-oxidation for 
COD removal from real polluted water reached 
68% at pH of 4.5, with the applied voltage of 
16 V, NaCl concentration of 0.5 g/L within 120 
electrolysis time. However, this finding contrasts 
with Rajkumar et al. 2004, who reported that the 
COD removal efficiency by electrochemical oxi-
dation treatment was not significantly influenced 
by the pH at the range of 3–9. They found that 
the treatment at the initial pH of 3–10 within 40 
min changed to pH at range of 7.8–8.3 and then 
remained constant at pH of 8.3. A decrease in 
pH during the electrochemical oxidation process 
was also observed in our study. The change in pH 
from the initial pH during electrolysis time was 
presented in Figure 3.

Figure 2. Percent of COD removal efficiency as a function of electrolysis duration at the difference 
of the initial pH

Figure 3. Changing in pH during the indirect electrochemical oxidation of restaurant wastewater 
(initial pH 3–10)
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In Figure 3 a change in pH during the electro-
oxidation process can be observed; the treatment 
at range of initial pH 3–10 changed to 4.25–9.56 
after 90 min of electrolysis. Increasing the pH in 
each treatment at the initial pH of 3–8 may be 
caused by the hydroxide ion, which is generated 
at the cathode during the electro-oxidation pro-
cess, whereas the treatment at the initial pH of 
9 and 10 results in a slight decrease due to ion 
hydrogen which is generated at the anode. 

Effect of the distance between electrodes

In order to investigate the effect of the distance 
between electrodes on COD removal, the experi-
ment was conducted at varying inter electrode dis-
tance. The effect of distance between electrodes 
on COD removal was illustrated in Figure 4. 

Figure 4 clearly shows that COD removal 
from the restaurant wastewater by means of elec-
trochemical oxidation treatment was influenced 

by the distance between electrodes. At the elec-
trolysis time range of 10 to 60 min, the COD re-
moval efficiency increased with the decreasing 
distance between the cathode and anode, while 
COD removal efficiency was not change sig-
nificantly at 60 to 90 min of electrolysis time. 
This result is in line with Naje et al. 2015, who 
found that the removal of COD from the tex-
tile wastewater was increases with decreasing 
inter-electrode distance. 

Effect of potential difference 

Electrochemical oxidation was conducted us-
ing different applied voltage to examine the effect 
of voltage on COD removal from the restaurant 
wastewater. The variations of COD removal as a 
function of electrolysis duration at voltage 9, 12 
and 15 V are presented in Figure 5. 

Figure 5 shows that for each potential differ-
ence, the COD removal efficiency significantly 

Figure 5. Percent COD removal efficiency as function of electrolysis duration at differet applied voltage.

Figure 4. Percent COD removal efficiency as function of electrolysis duration at difference distance 
between electrodes.
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increases along with growing electrolysis time. 
This is due to the production of oxidants (active 
chlorines) in the solution, where the increasing 
production of active chlorines such as hypochlo-
rous acid is proportional to the applied voltage. 
For the applied voltage of 9, 12 and 15 V, the 
maximum obtained COD removal efficiency af-
ter 90 min of electrolysis reached 84.75, 92.84 
and 96.83%, respectively. However, the electro-
oxidation process at a voltage of 15 V with inters 
electrodes distance of 10 cm causes the abrasion 
of the carbon electrode. Therefore, the optimum 
of applied voltage is considered to be 12 Volt.

CONCLUSION 

Electrochemical oxidation with multi carbon 
electrodes was found to be effective in removing 
the COD from the restaurant wastewater. The deg-
radation process was carried out in electrochemi-
cal oxidation reactor with ten carbon electrodes 
arranged in a parallel system. The results revealed 
that 92.84% COD removal from 2.5 L restaurant 
wastewater was obtained at the optimum param-
eters of initial pH equal to 5, the distance between 
electrodes of 10 cm, and applied voltage of 12 
volt within 90 min electrolysis time and 2.0 g ad-
dition of chloride ion per liter of wastewater.
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