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Abstract— Solid waste generation is increasing worldwide due to the rampant population and economic growth of its inhabitants. Sanitary
landfilling is the most common method and approaches that are used for managing municipal solid wastes (MSWs). Although landfilling is
applied as a cheap and effective solution for countries with available space, this application does contain serious environmental risks due to
the generation of landfill leachate (LL). The operation of landfill can cause environmental problems due to waste decomposition in the form
of leachate production. Leakage of leachate to the environment can damage the water bodies. Leachate is wastewater decomposition of
organic waste that can contaminate soil and groundwater if it is not handle properly. Contamination by leachate can be prevented by reducing
leachate level before the wastewater reaches the ground. One of the methods used is electrocoagulation. Electrocoagulation is an
electrochemical water treatment method where in anode occurred the release of active coagulant as metallic ion, while in cathode occurred
the electrolysis reaction in a form of the release of hydrogen gas. This study is objected to investigate the effectiveness of electrocoagulation
in removing Biochemical Oxygen Demand (BODs) and Chemical Oxygen Demand (COD).

Keywords— Electrocoagulation, Landfill, Leachate, Solid waste, Water contamination, \Waste decomposition, Wastewater treatment

1 INTRODUCTION

Solid waste management is a widely important issue in all
communities worldwide. When contemplated within the

scope of the waste hierarchy, the final solid waste disposal
method is landfill [10]. Landfill is an engineered method for
solid waste disposal and important to conserve the environ-
ment. Physical, chemical and biological processes occur in the
landfill depending on time, and they result in the generation of
gases such as methane, carbon dioxide, etc., and waste water or
landfill leachate [4] [5].

Leachate has a complex structure and high pollutant load,
and its treatment is relatively hard to supply the discharge
standards [4]. Leachate becomes ahead of wastewaters as being
the most difficult to treat as it is a wastewater with a complex
and widely variable content generated within a landfill [7]. LL
contains large numbers of organic or inorganic pollutants such
as BOD, COD, ammonia and heavy metals in unreasonable con-
centrations. Therefore, many pre-treatment and combined
treatment methods have been proven to treat leachate such as
biological, chemical, physical, wetland and advanced oxidation
processes [10]. In addition to the classical treatment methods
mentioned above, in recent years, electrochemical methods
(electrocoagulation, electro-Fenton, electro-dialysis, etc.) have
been used as a pre-treatment stage in the LL treatment process.
One of the electrochemical methods is electrocoagulation (EC),
and in this process, flotation and precipitation occurs simulta-
neously [7].

The EC process has many advantages, such as a simple
equipment requirement, ease of operation, a larger floc struc-
ture, a fast and separable sludge structure, a lower treatment
volume requirement and less excessive use of chemicals. In the
EC process, sacrificial electrodes such as aluminium, iron, zinc,
etc. are used to produces the release of active coagulant precur-
sors into the solution [1]. In an EC process, an electrical current
is enacted through a metal electrode; the anode material under-
goes oxidation, while the cathode will be subjected to reduction
or reductive deposition of elemental metals. Both AI** and Fe3*
react with OH~ to form Al (OH) 3 (s) or Fe (OH): (s) according
to complex precipitation kinetics. The mechanism of EC is ex-
ceptionally dependent on the chemistry of the aqueous me-
dium, especially its conductivity. The mechanism of generating
ions by EC can be clarified with the examples of iron and alu-
minium, which were used as the anode and cathode in this
study [2] [10].

In recent years, electrochemical treatment having charac-
teristics like relatively more economic and higher treatment ef-
ficiency has been a promising method [8] [11] [14]. EC is one of
the modest and efficient electrochemical methods for the puri-
fication of many types of water and wastewaters [7]. In this
technique, which is characterized by its simple equipment, easy
operation, and declined amount of sludge, the coagulant is gen-
erated by electrolytic oxidation of an appropriate anode mate-
rial that leads, at an appropriate pH, to the insoluble metal hy-
droxide which is able to remove a large variety of pollutants.
EC has also been functioned to treat the landfill leachate by
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some researchers. There is no doubt that high COD and toxic
matter in the landfill leachate are of the most significant prob-
lems in leachate management. In particular, it is well known
that the landfill leachate can reach very high COD levels [10].
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2 MEeTHoDS AND METHODOLOGY

2.1 Study Area

Kerala is grappling with a crisis of plenty: plenty of solid
waste. The districts like Thiruvananthapuram, Kochi, Kozhi-
kode, Thrissur and Kottayam have seen rapid urbanization and
population growth leads to production of more solid waste
than they can deal. When a city generates an overload of solid
waste, the only alternative available to the authorities is to make
landfills which is located in the outskirts of the city.

Ry

A Fig.1 Waste stack in Njeliyanparambli landfill

Calicut City Corporation has a total area of 2345 sq.km and
has a total population of 30, 86,293. With the increase in the pop-
ulation and the rising demand for food and other essentials,
there has been a growth in the amount of waste being generated
by the households. The City Corporation has a waste treatment
plant at Njeliyanparambu in Cheruvannur-Nallalam area
spread in 7 hectares which are 6 km from Kozhikode.

Kozhikode now generates 300 tonnes of wastes generated
by households in the form of organic, plastic covers and papers,
recyclable plastics, glasses and lights, e-waste, sanitary nap-
kins, dresses and other wastes. Figure 1 shows the stack of
waste in the Njeliyanparambu landfill. The biodegradable
wastes collected by the Corporation sanitary workers and
Kudumbashree members are transported to Njeliyanparambu
dumping yard every day. The collected wastes are dumped in
an open surface for drying, and after that, these are converted
into manure through a single window system. One of the major
defects of the plant is that it does not have a leachate treatment
unit and drier for drying. So the collected wastes are openly
dumped for more days for drying which permeates stink [6] [9]
[10].

Fig. 2 Stagnat leachate in the ond surface in Njel— .
yanparambu landfill

The people living near the plant argue of health issues
like allergy, infection, other diseases etc. Cancer, skin problems
and lung ailments are widespread in the area [10]. Around 175
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wells and other water sources have over the years become un-
necessary due to water contamination and deterioration of wa-
ter quality. Figure 2 shows the moisture or water content that
stagnant at the ground surface. Untreated effluents from this
plant pollutes the Chaliyar River, which is the district's main
drinking water source.

2.2 Sample Collection

In the experimental study, leachate samples were collected
from Njeliyanparambu Landfill, which is located in Kozhikode
city, Kerala. Leachate is defined as any contaminated liquid that
is produced from water percolating through a solid waste dis-
posal site, accumulating contaminants, and moving into sub-
surface areas. A second source of leachate arises from high
moisture content of certain disposed wastes, it can be a toxic
liquid, a chemical or any liquid material otherwise incompati-

ble for use.
b
y A4 - 1,

Fig. 3 Leachate sample for the experimental study

The leachate sample is strongly odoured brown coloured
cloudy liquid. The odour is acidic and offensive. The samples
were collected in pre-sterilized bottles and transported to the
laboratory and stored at 4°C in order to maintain the leachate
characteristics unchanged.

2.3 Experimental Setup

A 0.25L borosil glass reactor was used for the investiga-
tion. Batch tests were conducted using 0.25L of leachate sample
having different dilutions for each experimental set. LL was
taken from Njeliyan Parambu site located on Kozhikode Cor-
poration of Kerala.

The electrochemical cell consisted of a submerged anode
and cathode, both of the same material and different materials
(i-e., either aluminium or iron) in the form of flat sheets, in the
0.25L borosil glass reactor. Electrocoagulation cell consisted of
a DC power supply and submerged anode and cathode [7] [10]
[15]. The electrode dimensions were 2.5 cm wide by 10 cm deep,
resulting in a dipping area of 25 cm?. In the study, a digital dc
power supply was utilized to power the EC operation. Both an-
ode and cathode were placed parallel and vertical to each other
with an inter electrode distance of 1 cm and it positioned into
the reactor in a monopolar configuration. In order to maintain
an unchanged composition and prevent the association of the
flocs in the solution, the stirrer was turned on and set at 200
rpm. All electrodes were rinsed with dilute HCI before every
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experiment conducted. Every experiment was accomplished at
the room temperature.

© 0 99

1. DC power supply
2. Electrolytic cell
3. Electrode pair

4. Magnetic stirrer

Fig. 4 Experimental Setup
The experimental set-up used in the present study is pre-
sented in Fig. 1.

2.4 Experimental Procedure

The procedure started with electrocoagulation cell cleaned
with distilled water and dried. The experiments were carried
out in a batch mode.For each experiment, a leachate sample of
0.25 L was collected in the electrochemical cell with aluminum
electrodes and iron electrodes dipped into the sample.The dip-
ping area of the electrode is 25 cm?2. Applied current densities
have been shown in Table 1. In each current density applied,
contact times of 6, 12, 18, 24, 30, 36, 42, 48, 54 and 60 minutes
were used. Therefore, the method were tested for metal type,
COD removal and sludge formation. The pH, conductivity,
TDS and turbidity of the solution after each 6 minutes was
taken using pH meter, conductivity or TDS meter and turbidity
meter. The electrodes (anode and cathode) were clamped at
electrode stand.

Fig. 5 Laboratory Electrocoagulation setup

All connections in the circuit were completed by wire con-
nection to terminal positive and negative to DC power supply.

95
The colour of electrolyte solution was observed before and after
the process occurred.After the experiment, the treated sample
was then kept undisturbed for 20 min in order to allow the floc
to settle.

TABLE 1
THE VARIATION OF ELECTRICAL PARAMETERS AP-
PLIED DURING THE RUNS
Voltage  Current Power consumption(kW-
V) density  h/kgCODremoved)
(A/m?)

Runl 10 242 0.3255

Run2 15 376 0.08457

Run3 30 750 0.02450

After settling the sample of supernatant was collected to
perform the analysis of pH, hardness, acidity, TDS, conductiv-
ity, turbidity BODs, COD and most probable number (MPN).

3 REesuLTs AND DISCUSSIONS

In this section, results obtained during the study are given
and discussed.Leachate treatment performance was detrmined
by electrocoagulation process. The EC process was influenced
by operating parameters sucha as current density and reaction
time on removal of BOD and COD.

3.1 Characterization of leachate

The quality and quantity of leachate is highly variable and
is directly related to fluctuations of rainfall amount, composi-
tion or characteristics of the waste, age, and landfill operational
patterns [5].To this aim sampling was performed and various
parameters such as pH, BOD5, COD, TSS etc. were used to as-
sess characteristics o landfill leachate which are presented in
Table 2.

TABLE 2
THE PROPERTIES OF LEACHATE FROM NJELIYAN PA-

RAMBU LANDFILL
Analysis Value
pH 4.29
Colour Dark brown
Odour Medium
Temparature, °C 31.75
Conductivity <2000
Turbidity 397
TSS 748
TDS 15900
TN 1356
COD 28220
BOD 9877
DO <1.0mg/1
BOD/COD 0.35
MPN 1100 per 100 ml

Njeliyanparambu Landfill has been operating since 2000’s
and is classified as a mature landfill. The raw leachate was char-
acterized as temperature of around 31.75°C, TSS of 748 mg/L,
pH of 4.29, BOD of 9877 mg/L, COD of 28220 mg/L, TN of 1356
mg/L and BOD/COD ratio of 0.35 resemble an intermediate
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landfill. This deviation is due to the mixing of young leachate
and old leachate since the solid waste dumping system in the
Njeliyanparambu. Landfill does not follow a cell system as a
result the produced leachate is with an intermediate character.
The leachate of Njeliyanparambu landfill tends to be acidic.So
the conventional biological methods are ineffective to the treat-
ment of leachate because of it has high conductivity and turbid-
ity.According to literatures to treat a wastewater with men-
tioned characteristic, electrocoagulation method is an effective
method.

It can be seen from the analysis that the parameters need to
improve in order to meet the disposal standards of leachate in-
clude COD, TSS, and TN.

3.2 Effect of current density to processing time for pH

The experiment work used ranges current density of
242 A/m?, 376 A/m? and 750 A/m?2. These ranges will give the
data about how current density will affect the electrocoagula-
tion efficiency in the removal of pollutants that contain in the
leachate samples.
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Fig. 6 The effecet of pH in different current densities
(@) 750 A/m? (b) 376 A/m? (c) 242 A/m?

The pH is continuously observed during the study. As
shown in Fig. 6, the results showed that, depending on the ac-
tivities of the anode and cathode, pH gradually increased due
to dominant activities of the cathode.

From Fig. 6, when current density was 750 A/m? pH
changed from 4.37 to 5.58 with Al-electrode and from 4.76 to
7.12 with Fe electrode. When current density was 376 A/m?, pH
changed from 4.82 to 5.64 with Al-electrode and from 5.1 to 8.76
with Fe-electrode.When current density was 242 A/m?, there is
an slight decrease in pH in both Al and Fe electrode in a range
of 6 to 5. By using electrodes of different materials also shows a
slight increase in pH in all different current densities.

The increase in pH is a desired a result for the treatment of
leachate.Fe electrodes showed a better efficiency than Al elec-
trodes did.

3.3 Effect of current density to processing time for
BODs

I =50D5

Al-Fe(10V)
Al-Fe(15V)
Al-Fe(30V)

Fe-Al (10V)

Fe-Al (15V)

Fe-Al (30V)
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Fe-Fe(30V)

ALAI(10V)
AAI(15V)
AL-AI(30V)

Raw leachate

Experimental samples with different electrode materials and current density
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0 5000
BODS (mg/l)

Fig. 7 Effect of current density to processing time for BODs

Result of BOD5 analysis determined the quality of water
bodies, amount of oxygen necessary by microorganisms to de-
compose organic matter comprised in water in the aerobic state.
BOD:s high value played an important role in inferring the abil-

IJSER © 2022
http://www_ijser.org



International Journal of Scientific & Engineering Research Volume 13, Issue 5, May-2022

ISSN 2229-5518
ity of the water bodies in supporting the better evolution of al-
gae and aquatic organisms. The greater the number of the bac-
terial population, the higher the level of the water pollution
would be [15].

In Fig. 7, the results of electrocoagulation of leachate to the
value of BOD:s is decreased. The best result of BODs impairment
was at 42 min and current density of 750 A/m?with a value of
BOD5 987 mg/L by using Fe electrode. At this process time,
there was significant change in the value of BODs from 9877
mg/L to 987 mg/L, that is of about 90% BOD:s is removed. The
higher the density of current and the greater the time, the elec-
trode process would be more saturated that caused the electro-
coagulation process reached its lowest point and increased in
the value of BODs.

3.4 Effect of current density to processing time for

coD

COD was the quantity or amount of oxidant that re-
sponded with the sample under certain conditions. The quan-
tity of oxidant was proportional to the oxygen. Organic and in-
organic compounds in the sample were oxidized dependent but
organic compounds were more dominant [15]. COD was often
used for assessing the quantity of pollutants in the water. In Fig.
8, the best result of leachate waste by method of electrocoagu-
lation in decreasing the value of COD was at 60 min with a cur-
rent density of 750 A/m? . COD value decreased drastically
from 28220 mg/L to 2820 mg/L. Basically, the reduction in
COD values in electrocoagulation occured by destabilization.
Maximum COD removal is seen in Fe electrode at 750 A/m?2
that is about more than 90% of COD is removed by EC pro-
cess.By Al electrode about 86 %of COD is removed at 750 A/m?
current density.

Raw leachate
1750 A/m”
376 Aim?
242 Alm*

ample treated by different electrade materials and curren density

“Raw leachate 26220

0 20000
COD (mgl)

Fig. 8 Effect of current density to processing time for COD

3.5 Operational conditions of EC process
351 pH

The pH is continuously observed during the study.De-
tailed explanation of pH is discussed in section 3.2.
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3.5.2 Temperature and conductivity

The temperature in the reactor tends to high during the
study as a result of reactions takes place. This raise in tempera-
ture as a result of electrolytic reactions depending contact time,
electrode type and applied electrical power. In addition, de-
pending on contact time and applied electrical power, electrical
conductivity also changes [7]. When current density was 750
A/m?2, temperature changed from 31.75 to 33.5 -C with Al-elec-
trode and from 31.75 to 33.3 °C with Fe-electrode. The temper-
ature tends to increase as a result of electrolytic reactions.
But in this experiment the value of electrical conductivity re-
mains high (that is greater than 2000) before and after the elec-
trocoagulation process. According to the experimental results,
increasing electrical power has supplied an unremarkable de-
crease in the conductivity [7].

3.5.3 Electrode type

Fe and Al electrodes were compared under similar oper-
ational conditions. Fe electrodes showed a higher treatment ef-
ficiency than Al ones on the basis of turbidity and colour re-
moval. The rates of COD removals for Fe and Al electrodes ob-
tained were 90% and 86.25% in 42 min contact time, respec-
tively. Fe electrodes transfer higher numbers of Fe ions into so-
lution and they produce a higher amount of sludge [7]. Due to
the fact that the costs of both types of electrodes are almost
same, it will be a good choice for higher treatment efficiencies
to select Al electrodes.

(b)
Fig. 9 Leachate sample (a) before and (b) after electrocoagula-
tion by using Al electrode

APPROX. VOL

(b)
Fig. 10 Leachate sample (a) before and (b) after electrocoagula-
tion by using Fe electrode

According to a study performed on diluted leachate (%10)
by Ilnan et al.[7], COD removal efficiencies with Al-electrode
and Fe-electrode were obtained 52% and 42%, respectively (pH:
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6.2, current density: 200 A/m?, and contact time: 30 min). Al-
electrode has a higher treatment efficiency than Fe one for NHs-
N removal. The removals of NH3-N were determined to be al-
most 11% and 14% in 30 min contact time for Fe and Al elec-
trodes, respectively.Fig. 9 and Fig. 10 represents the vatiation in
leachate sample before and after the performance of electro-
coagulation by Al electrode and Fe electrode respectively.

3.5.4 Dilution

The EC process by using raw leachate is stucked or
stopped due to high electroconductivity and turbidity of the
leachate sample and high production of sludge. So the sample
samples are diluted to perform electrocoagulation. Adilution
can be used to lower the concentration of the analyte being
tested so that it is below the acceptable limits. Here 5% and 10%
dilution is selected for the experimental procedure of electo-
coagulation process.

3.5.5 Current density

For the experimental purposel(O, 15and 30 V potentials
were applied. The treatment efficiency appeared to be slightly
increasing with increasing current density. Here current den-
sity was changed from 242 to 750 A/m?2. When current density
was increased, the efficiency of COD removal was also in-
creased in contact time.

4 CONCLUSION

The effectiveness of electrocoagulation were investigated in this
study. Optimum conditions and the effectiveness of electro-
coagulation for each parameter are in the current density 750
A/m? with 60 minutes of time process by Fe electrode. The elec-
trocoagulation method is effectively reduced the value of BODs
90%; COD 91%; and for the increased of pH from 5.1 to 8.76 by
Al electrode respectively. Electrocoagulation method are suc-
cesfully decreased levels of pollutants in accordance with envi-
ronmental standard.
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