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Car service station wastewater treatment using electrocoagu-
lation technology

Cut Nova Rida!, Muhammad Faizal?*, Novia Novia?, Subang Aini Nasution3, Nurhayati’

Abstract

Efforts to prevent environmental pollution due to wastewater produced by car service station can be carried out using
electrocoagulation technology. The purpose of this study was to analyze the effectiveness of electrocoagulation
technology for treating car service station wastewater. This research is an experimental study conducted in a car
workshop at PT Jaya Indah Motor Jambi City. The electrocoagulation machine used an Automatic PLC System WWTP
350 L with total dimensions of 1200 x 1200 x1700 mm, power 380Volt/20A (Stanby Steady State). Reseatrchers
compared the research data with the wastewater quality standards contained in the Ministry of Environment and
Forestry Regulation No. P.68. MENLHK/Setjen/KUM/.1/8/2016. The tesults showed that the final value of the
parameters of the treatment results using electrocoagulation had met the wastewater quality standards (TSS 19.75
mg/L; pH 6.92; BOD 8.46 mg/L; COD 25.07 mg/L; oil and fat 2.75 mg/L; and ammonia 7.12 mg/L).
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Introduction

Sewage is a major problem due to high urbanization, industrialization, population growth, migration,
and economic development.! Wastewater is a business and/or other activity that negatively impacts the
environment. Wastewater can come from households (households) or industries. Wastewater is generated
during all industrial production activities. Industrial wastewater is the residual process or residue of
industrial activities in liquid form, and its existence in a certain place is undesirable from an environmental
point of view because it has no economic value and tends to be thrown away.?™* Wastewater produced by
motor vehicle washing businesses that are not treated before being discharged into the environment has
a negative impact on the environment. Every business can dispose of waste into the environment, but it
must be treated first until it meets the established wastewater quality standards. Motor vehicle washing
liguid waste has a cloudy color and contains detergents (surfactants) and COD (Chemical Oxygen Demand)
in it. The content of surfactants and the high oil content in water can reduce water quality because
detergents and oils are difficult to decompose.>™

There are several processes for processing motor vehicle washing liquid waste, including
phytoremediation, filtration, coagulation, flocculation, and electrocoagulation several other methods.®1°
12 Coagulation is the process of adding coagulants or chemicals at a certain dose to the solution, and is a
process that depends on chemicals continuously.’>* One type of liquid waste treatment that does not use
chemicals and is more environmentally friendly is electrocoagulation. The electrocoagulation method can
reduce pollutants due to the release of natural coagulants from the electrodes owing to the electrolysis
process. This is the principle of adding coagulants using chemicals. One type of coagulation is the
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electrocoagulation method, which has many advantages including this method involves simple equipment,
short reaction times, and relatively low maintenance costs.!>8

PT Jaya Indah Motor is licensed to serve the business activities of sales, after-sales service/car service
station, and supply of Suzuki brand car parts located on JI. Hos, Cokroaminoto No. 01 Rt. 07, Selamat Village,
Danau Sipin District, Jambi City, Jambi Province. In the operational activities of the workshop, PT Jaya Indah
Motor produced wastewater from the activities of the Workshop Service of car vehicles. The waste
generated includes domestic wastewater, wastewater from machine and workshop maintenance activities
such as washing water from mechanical handwork in the sink, washing vehicles after service, and others
that cannot be directly discharged into water bodies (drainage) without further treatment. Based on these
conditions, the company's wastewater treatment activities need to be carried out to avoid damaging the
environment.

Wastewater treatment at PT Jaya Indah Motor still uses an anaerobic aerobic installation system,
which has shortcomings in terms of high wastewater parameters. A preliminary study conducted by the
researchers found that in December 2022, the results of wastewater treatment at PT Jaya Indah Motor
were the value of the TSS parameter in December 89.77 mg/L. The pH was below average in December
3.56. The BOD parameter was still below the quality standard of 7.57 mg/L (December). COD parameter
30.65 mg/L (December). Oil and grease parameter 6.97 mg/L (December). Ammoniac parameter 10.56
mg/L (December). Total coliform parameter 4200/100 L (May). These results are still in the category of
exceeding the quality standard of 3000/100 L. This study aims to analyze the effectiveness and efficiency
of a wastewater management system and determine the characteristics of wastewater produced or treated
through electrocoagulation techniques to reduce wastewater pollutant levels from car service station
activities, starting from the process of generating wastewater until the wastewater is treated. Therefore, it
is expected that the final results of wastewater treatment are in accordance with the quality standards and
applicable laws and regulations, and do not pollute the surrounding environment.

Method IPAL 350 L

This was an experimental study of car service station wastewater.
The treatment of car service station wastewater was carried out using
the electrocoagulation method. This processing technique serves to set
aside the pollution parameters of workshop wastewater. The results for
the processed water were expected to meet the wastewater quality
standards of the Ministry of Environment and Forestry Regulation with
number: P.68.MENLHK/Setjen/KUM/.I/8/2016.

The experimental method used was to test wastewater
parameters including TSS, pH, BOD, COD, oil and fat, ammonia, and total
coliforms generated from car repair shop activities. The electro-
coagulation machine used an Automatic PLC System WWTP 350 L with
total dimensions of 1200 x 1200 x1700 mm, power 380Volt/20A (Stanby
Steady State) (Figure 1). Greastrap with a capacity of 0.48 m3 serves as a
filter / filter fat, oil, oil, residual waste carried by sewerage. Storage basin
1 (2 m3) serves as a neutralization basin and water storage basin from
waste that has been filtered from the greastrap, whereas storage basin
2 (2 m?) serves as a storage basin/overflow of wastewater from storage
basin 1. Wastewater Treatment Plant (WWTP) Planning Unit with a
capacity of 2.25 m3 (0.75x1m3 / day) serves as a waste treatment tool to
obtain discharge water that complies with quality standards. The result
storage tub 1 to result storage tub 3 serves to accommodate the
wastewater resulting from the treatment of the WWTP unit. The
workflow of the 350 L WWTP consists of several work processes. Figure 1. Automatic PLC System 350 L

212 Jurnal Prima Medika Sains Vol.5 No.2



Car service station wastewater treatment using electrocoagulation technology

Wastewater from the kitchen is collected in Tub 1 (Initial Tub) for further processing in the aeration
system to minimize the presence of pollutants contained in the water in Tube 1 and dissolve oxygen levels
directly in the water. The capacity of Tub 1 was 2 m3, which functions as a collection of process wastewater
from the kitchen area. Furthermore, when a capacity of 2 m*® was fulfilled, it was channeled through a
chopstick pump to the WWTP Unit according to the existing capacity, which was 1 m? x 3 processes/day.
The water in the WWTP basin is then processed with an electrocoagulation waste treatment system to
break down or remove metal ions and particles in the water to achieve final discharge results in accordance
with quality standards. The electrocoagulation process lasted 45 min. The water particles will be in a lower
position, and the sludge particles will be in the upper position of the water surface. Sludge particles are
disposed of with a mechanical system (scrap) to the sludge storage basin, collected in a plastic container,
and disposed of in a landfill. After the sludge scraping process, the wastewater was channeled to filter tub.
Wastewater from the electrocoagulation process goes through a filtering process in filter tubes 1 and 2 and
is then channeled to the final product storage basin. Filter tubes 1 and 2 contained gravel, a sand filter, and
carbon. The water produced in the final reservoir was in accordance with the quality standards. Water was
collected from four reservoirs with a capacity of 3 m3 each. Water can also be used for purposes such as
watering plants and washing cars. The efficiency of the WWTP was calculated by subtracting the inlet and
outlet TSS and then dividing by the inlet TSS and multiplying by 100%.

Results

From the records of the average water flow at the inlet and outlet basins, generated from several
wastewater generation sources, it was found that the average wastewater discharge in May was 3.5 m3/day
(inlet) and 3.3 m3/day (outlet). In June, the average wastewater discharge at the inlet and outlet were both
3.5 m3/day. The average trend of wastewater flow entering through the inlet into the WWTP machine is
still in accordance with the design capacity of the WWTP hydraulic load of 3.5 m3/day. Estimates of water
usage and wastewater discharge refer to SNI 03 7065 2005.

Table 1. Details of water usage at PT Jaya Indah Motor Jambi City
(assuming the number of employees and visitors/consumers is 320 people/day)

Water source Water usage Capacity of water use Estimated wastewater discharge*
(m®/day) % (m®/days)
Employee and visitor toilets 0,20 80 0,16
Workshop (car wash, sink and 3,17 80 2,536
PDAM mechanical toilet)
Pantry, canteen 0,13 80 0,104
Total 35 2.8

Table 2. Test results before and after electrocoagulation

March April May Effluent Quality
Parameter Before After Before After Before After Standard*

TSS (mg/L) 42,40 19,43 60,67 10,75 87,75 19,75 30

pH 4,39 7,61 7,14 6,08 4,61 6,92 6-9

BOD (mg/L) 60,23 2,88 29,31 10,89 8,46 8,46 30

COD (mg/L) 216,85 9,42 147,50 18,09 25,07 25,07 100

Oil and grease (mg/L) 2,79 4,91 2,46 3,24 2,75 2,75 5
Ammoniac (mg/L) 8,42 2,80 0,7446 2,96 7,12 7,12 10

Total coliform (number/100 mL) 2800 2200 3500 2800 3100 2700 3000
WWTP efficiency (%) 54.17 82.28 65.24

Source: Report of Environmental Laboratory Testing Results of PT Jambi Lestari International.
*Minister of Environment and Forestry Regulation No. P.68: P.68.MENLHK/Setjen/KUM/.1/8/2016

Table 2 shows the test results before and after the wastewater treatment. The parameters measured
included TSS, pH, BOD, COD, oil and grease, ammonia, and total coliforms. The tests were conducted in
March, April, and May. After treatment, there was a decrease in the parameter values of TSS, BOD, COD,
oil and grease, and ammonia. However, the pH of the solution increased. Total coliform values changed to
normal values. All parameter values measured in May met the effluent quality standards set at 30 mg/L for
TSS, 6-9 for pH, 30 mg/L for BOD, 100 mg/L for COD, 5 mg/L for oil and grease, and 10 mg/L for ammonia.
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The wastewater treatment results showed a WWTP efficiency of 54.17% in March, 82.28% in April,
and 65.24% in May. It can be seen that the operational and maintenance program implemented by the
electrocoagulation technique was successful. The WWTP operators always carry out maintenance of
facilities and infrastructure at the WWTP, such as periodic flow measurements to monitor incoming and
outgoing discharges, draining sludge in the equalization basin periodically every 6 months, draining sludge
in the WWTP tank, cleaning the pump in the control basin, making aerobic bacteria suspensions
periodically, and draining the bioindicator pond.

Discussion

After using electrocoagulation technology, in three consecutive months, the values of TSS, pH, BOD,
COD, oil and grease, ammonia, and total coliform experienced changes that were close to
standard/standard values. However, some parameters such as BOD, COD, and oil and fat values are still far
from reaching the normal/standard threshold. The total coliform count decreased from the standard value.
These results are considered safe because they are below specified wastewater quality standards.

TSS is the amount of solids that are not dissolved in the water (suspended solids).'® TSS can give rise
to sludge sediment and anaerobic conditions in water when sewage is discharged directly into water
bodies. In addition, TSS also indicates the amount of organic matter (BOD. COD, TOC, etc.) or inorganic
matter. TSS content was strongly related to the brightness of the water. The presence of suspended solids
can inhibit the penetration of light into the water.?° TSS (Total Suspended Solid) is the amount of suspended
solids in a solution. TSS is the solid density of the liquid waste. The TSS content in motor vehicle wash
wastewater is caused by dust, heavy metal particles, oil, grease, and chemicals contained in detergents.
The decrease in the TSS value in wastewater was due to the particles contained in the negatively charged
wastewater.! The ions produced by the electrode stabilized the particles contained in the wastewater. The
anode will produce Al3+ ions, which will bind OH and form the AI(OH)3 compound, and will bind
contaminants, while the cathode will produce hydrogen gas, which will lift the floc to the surface, and the
floc that has been formed for a long time will increase and settle to the bottom of the electrocoagulation
tub.?! The principle of the work process of reducing the TSS value in the electrocoagulation process is the
growth of the floc mass so that the specific gravity of the floc becomes large and causes the flocs to settle.?
The effect of the electrocoagulation method on the TSS parameter is because the particles contained in
wastewater are generally negatively charged. The positive and negative ions produced by the electrode
destabilize the particles contained in the waste.

The increase in pH in the electrocoagulation method is due to the reduction reaction occurring at the
cathode of the aluminum electrode, where the reduction reaction creates H+ ions and OH- ions that will
form water. Voltage really affects the way the pH increases in electrocoagulation, where if the voltage is
increased until an increasing number of H + and OH-ions are created at the cathode electrode, then if it
continues to be a lot of water is created until the initial pH is acidic, it is also the opposite if the initial pH is
basic, then the reduction reaction takes place at the cathode that produces water until the pH is neutral.?*~
2 The results obtained are the same as those of previous research by Fadhila et al.?, which states that pH
can be neutralized by the electrocoagulation method, where the initial pH of 0.56 can be neutralised to 4.1
at a voltage of 12 Volts. The increase in pH in the electrocoagulation method is due to the reduction
reaction occurring at the cathode of the aluminum electrode, where the reduction reaction creates H +
ions and OH- ions that form water.

Biochemical Oxygen Demand (BOD) is the amount of dissolved oxygen required by microorganisms
to oxidize carbonaceous material (organic matter). If there is sufficient oxygen, biological decay of organic
matter in a serobic way can occur until all organic matter is degraded. BOD is used as a marker of
contamination in water bodies.?” A large BOD value (beyond the quality basis) indicates that the water has
been contaminated. The decrease in BOD value is caused by positive charges that will absorb negative ions,
and negative and positive charges will meet so that there will be a force of attraction between the two ions,
resulting in a strong bond and the formation of a coagulant that will form a floc that can reduce organic
compounds in wastewater.?®?° The results of research conducted by Amri et al.®® state that the
electrocoagulation method is effective in reducing BOD parameters with an initial BOD of 513 mg / |
obtaining 71.53% BOD removal at a voltage of 12 Volts. It is explained if the voltage affects the metal
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ionization method at the anode electrode as a determinant of the reaction rate as well as in the
electrocoagulation method to reduce BOD parameters, where at the anode electrode the oxidation of
aluminum metal takes place as a result, creating Al3 + ions that act as coagulants. The greater the voltage
added to the electrocoagulation method, the greater the pollutants that will be bound into flocs that will
settle. As a result, the wastewater becomes clearer than before, so that the organic compounds left in the
wastewater become more easily degraded by microorganisms.

The COD value was measured to determine the organic matter content of the wastewater. The COD
requirement is the total oxygen required to chemically oxidize organic matter. The reduction in organic
matter as a result of COD oxidation indirectly indicates the amount of organic matter contained in the water
body. High COD levels indicate the amount of pollutants in the waste. COD indicates the amount of oxygen
required to oxidize organic matter by chemical means, whether it is biodegradable or non-biodegrada-
ble.332 The COD number is always greater than the BOD because COD represents the total amount of
organic matter in the water. The ideal BOD or COD ratio for untreated domestic wastewater is 0.3 to 0.8. If
the ratio is below 0.3, it means that the wastewater has a toxic part or microorganism acclimatization is
needed to stabilize the sewage water before treatment.?® The results of experiments by Ni'am et al.3*
obtained the results of research on the electrocoagulation method can reduce the COD and TSS content of
Textile Liquid Waste obtained the percentage of COD removal of 76% occurred with a voltage of 12 Volts.
The decrease in COD was due to the floc created by the bonding of organic compound ions with positive
coagulant ions. Molecules in wastewater are created into flocs, and colloidal particles in the waste are
binding particles or other compounds contained in the waste; for example, colloidal Al (OH) 3 is positively
charged because its surface binds H + ions. Positively charged coagulants absorb negative ions in impurities,
such as organic compound compounds, and create flocs that help reduce COD. The decrease in COD value
in wastewater is due to the destabilization of organic materials caused by the coagulant and the electric
field in the solution during the electrocoagulation process.®® Furthermore, the bonds between organic
material molecules are broken, causing the molecules to be adsorbed by the coagulant floc and settle at
the bottom of the electrocoagulation basin.

Based on their physical properties, oils and fats are compounds that are insoluble in water but can
dissolve in solvents with weak polarity or in nonpolar solvents. Oil has a smaller weight than water; as a
result, it creates a thin layer on the surface of the water. This situation can reduce the oxygen concentration
in water because the fixation of acidic substances is freely retained. Oil and grease must be separated from
wastewater before they reach the treatment section because they can disrupt the biological treatment
method and block the pipes or filters used.3® It can be observed that the oil and grease contents continue
to decrease when the voltage in the method used is greater. Similarly, the aroma of water (odor) decreases
from very pungent to less pungent levels. In this case, odor detection was attempted by smelling the
changes in odor without using a measuring instrument. The decrease in aroma (odor) in water occurs as an
effect of the decreasing oil and grease content in water.?’

Ammonia is a nitrogen compound that converts into NH4 + ions at low pH. Ammonia originates from
domestic wastewater and fish feeds. Ammonia also originates from denitrification during wastewater
decomposition by microbes under anaerobic conditions.333° Nitrogen is an important component in protein
synthesis, and nitrogen concentration data are needed to evaluate the possibility of wastewater treatment
by biological processes. If nitrogen is insufficient, nitrogen addition is required to treat wastewater.
However, to control algal growth in water bodies, nitrogen removal from the treatment effluent is required
before discharge.®®*! Water quality with microbiological parameters can be used to determine the
presence of bacteria, viruses, and parasites. The bacteria used as indicators were coliform bacteria.
Coliform bacteria are non-sporic organisms that are motile or non-motile, rod-shaped, and able to ferment
lactose to produce acid and gas at a temperature of 37 °C in a 48-hour incubation time.*”** The
management and maintenance of WWTP greatly affect their ability to reduce total coliform content. The
high total coliform in the effluent can be caused by the deposition of fecal sludge in the outlet basin that is
never drained.**
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Conclusion

The results showed that the values of TSS, pH, BOD, COD, oil and fat, ammonia, and total coliforms
experienced changes that were close to standard values after treatment using electrocoagulation
techniques. However, some items such as BOD, COD, and oil and fat values are still far from reaching the
normal/standard threshold. However, the total coliform count decreased from the standard value. These
results are considered safe because they are below the specified wastewater quality standards. Full support
from management is needed for the provision of special funds/budget for wastewater management,
support for the needs of waste management personnel, such as periodic health checks for waste
management officers, support for the repair and procurement of infrastructure, and regular monitoring.
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