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Abstract
Rubber industrial wastewater is obtained during washing, shredding, grinding, crumbbing, drying, and pressing bokar. The
wastewater produced can be an environmental pollutant because it contains relatively large amounts of organic matter. One
alternative to treating rubber wastewater is to use the electrocoagulation process, which is a combination of the coagulation
and electrolysis processes. This electrocoagulation process has several advantages in the form of simple equipment, short
time, produces odorless wastewater, does not require large areas of land, and can remove various contaminants in water. In
this study, rubber wastewater was treated by electrocoagulation using a batch system with variations in the contact time
used, namely 20, 40, 60, 80, and 100 minutes. This type of research is experimental research, and descriptive analysis is
carried out. Rubber wastewater is physically gray-black before treatment and chemically contains large organic matter. The
results of this study showed that the content of chemical oxygen demand (COD) and total suspended solids (TSS) before
processing had values of 691 mg/L and 317 mg/L. Optimum conditions for the elimination of COD and TSS contents were
achieved within 80 minutes with the percentage of elimination being 89% and 85%.
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1. INTRODUCTION

Natural rubber is the most important raw material for the
rubber industry. The development of the rubber industry
has had a positive impact on the country in the form of for-
eign exchange and economic population growth. In addition
to the positive effects, the development of the rubber indus-
try also pollutes the environment in the form of industrial
wastewater that does not meet the carrying capacity and
pollutant load when discharged into water bodies (Yasin,
2018).

Wastewater rubber is produced in processes of washing,
shredding, milling, shredding, drying, and bokar pressing
processes (Dewi et al., 2020). The properties of wastewater
rubber before treatment show a Chemical Oxygen Demand
(COD) value of up to 911 mg/L, and a Total Suspended
Solid (TSS) of 618 mg/L (Ariyani and Mulyono, 2015). Com-
pared with the quality standards for liquid rubber effluent
according to Minister of the Environment Regulation no. 5
of 2014 the maximum COD content in rubber wastewater
is 200 mg/L, and the maximum TSS content is 100 mg/L
(Mayasari et al., 2020). The COD and TSS values of the

material do not meet quality standards and require further
treatment before being discharged into the landfill and body
of water.

Wastewater rubber treatment in general consists of anaer-
obic, facultative, and aerobic ponds with this pond system
there are drawbacks, country, long-term residence, potential
odor, caution required, and still no contaminants produced
meet quality standards (Prawiranti et al.). Several other
rubber treatments, namely filtration, actived sludge and ad-
sorption have been used in the treatment of rubber. Among
these treatments, they still have drawbacks, namely, they
are only able to remove suspended solids and the occurrence
of blockages in the pores (Hutagalung, 2018). Therefore, a
more effective treatment is needed to reduce the pollutants
contained in rubber and can be more efficient in terms of
cost and time (Nurhayati et al., 2013).

One alternative for handling rubber processing wastew-
ater is coagulation because coagulation has two methods,
namely conventional coagulation and electrocoagulation. Be-
sides that the reduction of total suspended solids in wastew-
ater is dominated by the coagulation method (Teh et al.,
2016). Electrocoagulation is a combination of electrolysis
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and coagulation processes. This electrocoagulation method
is very simple and efficient in the wastewater treatment
(Rusdianasari et al., 2017). Some of the advantages of this
electrocoagulation method are the simple equipment used,
the short reaction time, and the odorless product. Wastewa-
ter does not require a large area (Ukiwe et al., 2014), and can
remove many types of contaminants wastewater (Wiyanto
et al., 2014).

Based on the research conducted by Fitri et al. (2020)
found that the percentage level of removal of COD and TSS
levels in the of fishery activities using the electrocoagulation
method that is equal to 82.89% and 31.90% which occurs
at a voltage of 12 volts within 60 minutes and 15 minutes
(Radityani et al., 2020). Then the research conducted by
Ni’am et al. (2017) showed that the optimum conditions for
removal of COD and TSS levels in textile wastewater were
obtained at a voltage of 12 volts within 45 minutes with a
percentage level of removal of COD and TSS levels of 76%
and TSS of 85%.

Based on the description, it can be seen that the electro-
coagulation method can reduce the levels of COD and TSS
in wastewater. The electrocoagulation method can be used
as an alternative treatment for rubber as the object of this
research. In this electrocoagulation process, aluminum elec-
trodes are used because it has good electrical conductivity,
is corrosion resistant, and has good reducing properties.

2. EXPERIMENTAL SECTION

The wastewater of rubber used in this study was collected
at the inlet of a sewage treatment plant and treated using
electrocoagulation with contact time variations of 20, 40,
60, 80, and 100 minutes. The electrocoagulation process
uses a batch system with a capacity of 500 mL, the type of
electrode used is aluminum with a size of 7 × 10 cm as many
as 2 pieces, the distance between the electrodes is 2 cm, and
the voltage used is 12 volts. The parameters studied in this
study were levels of COD and TSS.

3. RESULTS AND DISCUSSION

3.1 Characteristics of Wastewater Rubber
Characteristics of liquid rubber waste include physical, chem-
ical, and biological characteristics. In this study, the quality
of wastewater rubber can be measured physically and chem-
ically. Physical measurements can be seen from the levels of
suspended solids contained in rubber, while chemical mea-
surements can be seen from the levels of organic substances
in rubber.

The liquid rubber waste taken from the inlet of the
Wastewater Treatment process (WWTP) in this study can
be physically seen as very cloudy, smells very pungent, is
gray-black, and contains high organic compounds. The
following is a picture of rubber before it is processed (Figure
1).

Characteristics of rubber before processing using the

Figure 1. Rubber Before Processing

Table 1. The Results of the Initial Test of the COD and
TSS Parameters of Liquid Rubber Waste

Parameter Unit
Quality

Standards
Test Results

COD mg/L 200 691±7.57
TSS mg/L 100 317±37.745

electrocoagulation method must pay attention to the quality
standard criteria contained in the Regulation of the Minister
of the Environment No. 5 of 2014 concerning Wastewater
Quality Standards. The results of the initial characteristics
of rubber obtained from the results of laboratory analysis
can be seen in the Table 1.

Based on the table above, it can be seen that the values
of COD and TSS levels before processing are still not by
the established quality standards. The results of the initial
test for COD and TSS levels were respectively obtained
for COD of 691 mg/L and TSS of 317 mg/L. The quality
standard values for COD and TSS levels in the Minister
of Environment Regulation No. 5 of 2014 are 200 and 100
mg/L, respectively. The high levels of COD and TSS are
contained in rubber, so it needs to be treated first before
being discharged into water bodies.

Based on several previous studies, it was stated that the
levels of COD and TSS in rubber still exceeded the quality
standard of rubber. In a study conducted by Ariyani and
Mulyono (2015), it was stated that the characteristics of
rubber before being processed had COD levels reaching 911
mg/L and TSS 618 mg/L. Then the research conducted by
Naswir et al. (2020) also stated that the initial content of
COD and TSS in rubber before processing was COD of 1415
mg/L and TSS of 340 mg/L. This can prove that the levels
of COD and TSS in rubber have high levels and do not meet
the quality standards of rubber.
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Figure 2. Percentage of COD Removal

3.2 Analysis of Cod Removal in Rubber
COD measurement aims to see the degree of pollution con-
tained in wastewater. In the treatment of rubber using
the electrocoagulation process, the COD measurement re-
sults are obtained, and then the results from the COD level
measurements are calculated as the percentage of removal.
Based on the calculation of COD removal, a graph of the
COD removal percentage can be obtained, which is shown
in Figure 2.

Based on Figure 2, it can be seen that variations in
contact time affect the percentage of COD removal in rubber.
COD removal percentage starts from 0% to 89%. The
percentage value of COD removal at contact time (20, 40,
60, and 80 minutes) increased, while at 100 minutes it
decreased. The highest COD removal percentage occurred
at 80 minutes, which was 89%. While the lowest COD
removal percentage occurred at a contact time of 20 minutes
with a removal rate of 54%.

Table 2. Result for Chemical Oxygen Demand

Electrode Results References

Al-Al 89% This research

Al-Al 98.74%
(Fakorede and Adewumi,

2020)
Al-Al 86.82% (Wiyanto et al., 2014)

Based on Table 2, it can be seen the difference in the
results from the use of Al electrodes found on the cathode
and anode both from this study with other studies such
as fakorede research and wiyanto research which shows a
percentage decrease in COD values and produces sludge in
the form of Al(OH)3.

The increase in the percentage of COD removal in rub-
ber after processing using the electrocoagulation process
is due to a reduction process that occurs at the cathode
and oxidation that occurs at the anode. The reactions that

occur at the anode and cathode are as follows:
Reaction at the anode:
Al(s) ⇌ Al3+(aq) + 3e−

Reaction at cathode:
2H2O(l) + 2e− ⇌ H2(g) + 2OH−

(aq)

Based on the reaction that occurs at the anode and cathode
using aluminum electrodes, the results of the reaction are:
Al(s) + 3H2O(l) ⇌ Al(OH)3(s) + 3/2H2(g)

The electrocoagulation process that occurs at the anode
will result in the dissolution of aluminum metal to produce
Al3+ ions. Al3+ ions formed in the reaction at the anode
will react with OH− ions to form solid Al(OH)3, which is
insoluble in water. The solid Al(OH)3 formed in the solution
can then function as a coagulant in the electrocoagulation
process (Hanum et al., 2015). Furthermore, the coagulant
formed will make the colloidal particles in the water un-
stable. Then the unstable colloidal particles will lose their
charge, and the particles will form flocs. Meanwhile, the
reduction reaction that occurs at the cathode will produce
H2 gas, where the gas functions to lift the floc that binds the
contaminants contained in the liquid rubber waste to the
surface (Nidheesh et al., 2022). The floc formed over time
will get bigger and will settle to the bottom of the beaker
glass.

The longer the electrocoagulation process, the more co-
agulants are produced to bind contaminants, resulting in
a better decrease in COD levels in wastewater. After the
electrocoagulation process is complete, the anode is marked
by the eroding of the aluminum plate as a sign of the pro-
duction of metal ions. While at the cathode, hydroxyl ions
and hydrogen gas will be produced. The appearance of
hydrogen gas is indicated by the presence of gas bubbles
during the electrocoagulation process, resulting in foam on
the surface of the glass. In addition, the cathode is marked
by the appearance of white spots as a sign that hydrogen gas
is produced on the cathode plate (Apriyanto et al., 2018).

Based on the results of the COD measurements obtained,
at the 60, 80, and 100 minutes, they have met the quality
standards stipulated in the Regulation of the Minister of the
Environment No. 5 of 2014 concerning Wastewater Quality
Standards, where the quality standard for COD levels in
rubber is 200 mg/L.

3.3 Analysis of TSS Allowance in Liquid Rubber
Waste

TSS measurement is intended to determine the number of
solids that are not dissolved in wastewater. The results
of testing the levels of TSS in rubber before being given
electrocoagulation treatment obtained a TSS content of 317
mg/L. The amount of TSS levels obtained, so it is necessary
to treat rubber first before being discharged into water
bodies. After obtaining the TSS content from each time
variation used, the percentage of TSS removal in rubber was
calculated. The percentage of TSS allowance can be seen in
Figure 3.
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Figure 3. Percentage of TSS removal

Based on Figure 3, it can be seen that variations in
contact time can affect the percentage of TSS removal in
rubber. The percentage of TSS removal in rubber fluctuates
or fluctuates. The percentage value of TSS removal has a
range of 0% to 85%. The highest TSS removal percentage
occurred at a contact time of 80 minutes with a TSS removal
percentage of 85%. While the lowest percentage of TSS
removal occurred at a contact time of 20 minutes with a
TSS removal percentage of 52%.

Table 3. Results for Total Suspended Solid

Electrode Results References

Al-Al 85% This research

Al-Fe 73%
(Massoudinejad et al.,

2015)
Al-Al 89% (Zailani et al., 2018)

Based on Table 3, it can be seen the difference in the
results from the use of Al electrodes or with other electrodes
such as Fe found on the cathode and anode both from this
study with other studies such as Massoudinejad research
and Zailani research which shows a percentage decrease in
TSS values and produces sludge in the form of Al(OH)3 and
Fe(OH)3.

The increase in the percentage of TSS removal in rubber
occurs due to the formation of Al(OH)3. The longer contact
time used will be directly proportional to the amount of
charge that flows during the electrocoagulation process. This
causes more metal ions to stick to the electrodes, resulting
in the removal of levels. 5 of 2014 concerning Wastewater
Quality Standards, where the quality standard for TSS levels
in rubber is 100 mg/L.

4. CONCLUSIONS

From the results of research regarding the treatment of liquid
rubber waste for COD and TSS removal using the electroco-

agulation method, the conclusions that can be obtained from
the results of this study are the initial characteristics of rub-
ber before processing using the electrocoagulation method,
namely the COD content of 691 mg/L and the TSS of 317
mg/L. The highest percentages of COD and TSS removal
occurred at 80 minutes at 89% and 85%, respectively.

5. ACKNOWLEDGEMENT

On this occasion, with all humility, we would like to thank-
the, We also thank the institut teknologi sumatera and
the reviewers who have improvedour manuscripts better.
Hopefully this journal will be usefulfor the readers of this
journal.

REFERENCES

Apriyanto, A., S. Daud, and H. Edward (2018). Pengaruh
Kuat Arus Dan Waktu Kontak Pada Proses Elektrokoagu-
lasi Menggunakan Sel Al-Al Dengan Ketebalan 1 mm Un-
tuk Penyisihan TDS Dari Limbah Cair Lumpur Bor. Jur-
nal Online Mahasiswa (JOM) Bidang Teknik dan Sains,
5; 1–6 (in Indonesia)

Ariyani, S. B. and A. S. Mulyono (2015). Kemampuan
Lumpur Aktif Biakan Campuran dari Limbah Industri
Crumb Rubber untuk Mengurangi Kadar COD, BOD dan
TSS. Majalah BIAM, 11(1); 11–16 (in Indonesia)

Dewi, D. S., H. E. Prasetyo, and E. Karnadeli (2020). Pengo-
lahan Air Limbah Industri Karet Remah (Crumb Rubber)
Dengan Menggunakan Reagen Fenton. Jurnal Redoks,
5(1); 47–57 (in Indonesia)

Fakorede, E. and J. Adewumi (2020). Effectiveness of
Electro-coagulation Treatment Method on the Physio-
chemical Parameters and Heavy Metals in Rubber Latex
Wastewater. Lautech Journal of Engineering and Tech-
nology, 14(2); 1–9

Fitri, R. F., M. Said, and D. Bahrin (2020). Pengolahan Air
Terproduksi dengan Kombinasi Metode Elektrokoagulasi
Menggunakan Elektroda Besi (Fe) dan Adsorpsi Menggu-
nakan Silika dan Karbon Aktif. Sriwijaya University (in
Indonesia)

Hanum, F., R. Tambun, M. Y. Ritonga, and W. W. Kasim
(2015). Aplikasi Elektrokoagulasi dalam Pengolahan Lim-
bah Cair Pabrik Kelapa Sawit. Jurnal Teknik Kimia USU,
4(4); 13–17 (in Indonesia)

Hutagalung, F. Y. S. T. (2018). Elektrolisis Limbah Cair
Industri Pelapisan Logam dengan Menggunakan Elektroda
Aluminium untuk Menurunkan Kadar Logam Kromium
(Cr), Zink (Zn), dan Kadmium (Cd). Repositori Institusi
Universitas Sumatera Utara (in Indonesia)

Massoudinejad, M., M. Mehdipour-Rabori, and M. Hadi De-
hghani (2015). Treatment of Natural Rubber Industry
Wastewater through a Combination of Physicochemical
and Ozonation Processes. Journal of Advances in Envi-
ronmental Health Research, 3(4); 242–249

Mayasari, R., E. Purba, and M. Djana (2020). Penyisihan

© 2023 The Authors. Page 30 of 31



Munandar et. al. Indonesian Journal of Environmental Management and Sustainability, 7 (2023) 27-31

Kadar Amoniak (NH3) dalam Limbah Cair Karet dengan
Kombinasi Adsorben Bentonit dan Zeolit secara Kontinyu.
Prosiding Seminar Nasional Ilmu Teknik Dan Aplikasi
Industri Fakultas Teknik Universitas Lampung, 3; 110 (in
Indonesia)

Naswir, M., Y. Yasdi, M. A. Chaniago, and Y. G. Wibowo
(2020). Pemanfaatan Kompilasi Bentonit dan Karbon
Aktif dari Batubara untuk Menurunkan Kadar BOD dan
COD pada Limbah Cair Industri Karet. Jurnal Pre-
sipitasi: Media Komunikasi dan Pengembangan Teknik
Lingkungan, 17(2); 121–127 (in Indonesia)

Nidheesh, P., B. Behera, D. S. Babu, J. Scaria, and M. S.
Kumar (2022). Mixed Industrial Wastewater Treatment
by the Combination of Heterogeneous Electro-Fenton and
Electrocoagulation Processes. Chemosphere, 290; 133348

Ni’am, A. C., J. Caroline, and M. H. Afandi (2017). Vari-
asi Jumlah Elektroda dan Besar Tegangan dalam Menu-
runkan Kandungan COD dan TSS Limbah Cair Tekstil
dengan Metode Elektrokoagulasi. Jurnal Teknik Lingkun-
gan, 3(1); 21–26 (in Indonesia)

Nurhayati, C., B. Hamzah, and R. Pambayun (2013). Op-
timasi Pengolahan Limbah Cair Karet Remah Menggu-
nakan Mikroalga Indigen dalam Menurunkan Kadar BOD,
COD, TSS. Jurnal Dinamika Penelitian Industri, 24(1);
16–26 (in Indonesia)

Prawiranti, Y., N. Wahyuni, and A. H. Alimuddin (). Waste
Water Treatment of Crumb Rubber Industry by Photo-
catalysts Ag/ZAA-TiO2. ORBITAL: Jurnal Ilmu dan
Terapan Kimia, 1(2); 44–58

Radityani, F. A., S. Hariyadi, S. Suprihatin, D. H. Y. Yanto,

and S. H. Anita (2020). Penerapan Teknik Elektrokoag-
ulasi dalam Pengurangan Bahan Organik Air Limbah
Kegiatan Perikanan. Jurnal Ilmu Pertanian Indonesia,
25(2); 283–290 (in Indonesia)

Rusdianasari, R., A. Taqwa, J. Jaksen, and A. Syakdani
(2017). Treatment of Landfill Leachate by Electrocoag-
ulation using Aluminum Electrodes. MATEC Web of
Conferences, 101; 02010

Teh, C. Y., P. M. Budiman, K. P. Y. Shak, and T. Y. Wu
(2016). Recent Advancement of Coagulation–flocculation
and its Application in Wastewater Treatment. Industrial
& Engineering Chemistry Research, 55(16); 4363–4389

Ukiwe, L., S. Ibeneme, C. Duru, B. Okolue, G. Onyedika,
and C. Nweze (2014). Chemical and Electro-coagulation
Techniques in Coagulation-flocculation in Water and
Wastewater Treatment: A Review. Journal of Advances
in Chemistry, 9(3); 2321–807

Wiyanto, E., B. Harsono, A. Makmur, R. Pangputra,
J. Julita, and M. S. Kurniawan (2014). Penerapan Elek-
trokoagulasi dalam Proses Penjernihan Limbah Cair. Jetri:
Jurnal Ilmiah Teknik Elektro, 12(1); 19–36 (in Indonesia)

Yasin, A. (2018). Manajemen Limbah Pabrik Karet dalam
Rangka Penurunan Kadar BOD (Biological Oxygen De-
mand). Jurnal Green Growth dan Manajemen Lingkungan,
7(1); 22–34 (in Indonesia)

Zailani, L. M., N. M. Amdan, and N. Zin (2018). Re-
moval Efficiency of Electrocoagulation Treatment Using
Aluminium Electrode for Stabilized Leachate. IOP Con-
ference Series: Earth and Environmental Science, 140(1);
012049

© 2023 The Authors. Page 31 of 31


	INTRODUCTION
	EXPERIMENTAL SECTION
	RESULTS AND DISCUSSION
	Characteristics of Wastewater Rubber
	Analysis of Cod Removal in Rubber
	Analysis of TSS Allowance in Liquid Rubber Waste

	CONCLUSIONS
	ACKNOWLEDGEMENT

