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Coagulation-flocculation is applied for various wastewater such
as sewage, industrial, and leachate, which has the proven ability
to remove pollutants through a solid-liquid separation process.
Coagulant is a material added during coagulation with chemical
coagulants used conventionally. However, using natural
coagulants to replace chemical coagulants is widely studied. This
book highlights the application of natural tapioca starch
coagulant for the coagulation-flocculation of stabilised leachate.
This book’s content is also regarded as an alternative solution for
leachate treatment for landfill management. This book first
presented information on landfills and leachate, followed by
starch as a natural coagulant from a previous study. It compiles
the research study and highlights the application of natural
coagulants made from starch tapioca flour and tapioca peel in
the form of single, dual and composite coagulants. Finally, it
helps academics, researchers, and students better understand the
application of natural starch-root coagulant for treating landfill
leachate.
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PREFACE

Coagulation-flocculation is applied for various wastewater such
as sewage, industrial, and leachate, which has the proven ability
to remove pollutants through a solid-liquid separation process.
Coagulant is a material added during coagulation with chemical
coagulants used conventionally. However, using natural coagulants
to replace chemical coagulants is widely studied. This book
highlights the application of natural tapioca starch coagulant for the
coagulation-flocculation of stabilised leachate. This book’s content
is also regarded as an alternative solution for leachate treatment
for landfill management. This book first presented information on
landfills and leachate, followed by starch as a natural coagulant
from a previous study. It compiles the research study and highlights
the application of natural coagulants made from starch tapioca
flour and tapioca peel in the form of single, dual and composite
coagulants. Finally, it helps academics, researchers, and students
better understand the application of natural starch-root coagulant
for treating landfill leachate.

Nur Shaylinda Mohd Zin
Siti Nor Aishah Mohd Salleh
Hamidi Abdul Aziz
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CHAPTER ONE

Landfill

1.1 INTRODUCTION

Due to the rapid urbanisation taking place, it is anticipated that the
globalrateofgarbage productionwillincrease by 72%, risingfrom 2.0
billiontonnesin2016to 3.50billiontonnesin2050. The United States
currently stands as the largest producer of municipal solid waste
(MSW), generating 0.63 million tonnes per day, followed by China
with 0.52 million tonnes per day (Zaini et al., 2022). An incrementing
number of landfills in Malaysia is expected in order to cater to the
growth of the population and economic activities that contributed
to generations of solid waste (Radhi, 2020). Most of the solid waste
generated was disposed into landfills around Malaysia since this
waste disposal method is economical and simple (Mohd-Salleh,
2021 & SWCorp, 2019). However, this preferred method generates
leachate that is highly polluted and causes 57% of Malaysia’s local
authorities to face a leachate management problem in their locality
(Muhammad-Hanafi, 2015). Furthermore, removal of the pollutant
from leachateiis crucial and highly compulsory (Teng et al.,2021), as
stated in the Environmental Quality Act 1974 (Control of pollution
from Solid Waste Transfers Station and Landfill) Regulation 2009.
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CHAPTER TWO

Natural Coagulant

2.1 INTRODUCTION

The particular impurities in highly polluted wastewater are almost
impossible to be removed without the addition of coagulating
agents. According to Saharudin and Nithyanandam (2014), a
coagulant is known as the chemical material added to water and
wastewater to withdraw forces, causing the colloidal particles to
suspend by stabilising them. Colloidal or suspended particles are
negative loads that require destabilisation to flocculate as stability
causes them to float. The repellence between the colloidal particles
is reduced after the addition of a coagulant, which results in small
floccules. Continuous gentle stirring allows the individual colloids
and floccules to grow and are further clustered together, settled
down at the bottom and separated from the water suspension itself
(Saharudin & Nithyanandam, 2014; Saravanan et al., 2017; Zainol
et al., 2011; Cheng et al., 2021). The understandable mechanisms
of the process have made coagulation an uncomplicated method
for water purification since the 19th century (Choy et al., 2014;
Jiang, 2001). There have been many debates among researchers
previously regarding the mechanisms of coagulation as they
determined the best conditions for the process.
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CHAPTER THREE

Tapioca Flour Coagulant

3.1 INTRODUCTION

Source of tapioca starch can be produced from its raw material or
processed flour. Tapioca flour has high starch purity and is easy
to obtain as it is available on the market further. High molecular
weight, high polymer, less sludge, no residual metal and unchanged
pH have made tapioca starch suitable to be used as coagulant (Haq
et al., 2019; Alazaiza et al., 2022). Starch flour-based coagulant was
not as good as a chemical coagulant when applied to leachate
(Kamaludin, 2005). However, starch can be used as an aid for
chemical coagulants that are able to improve the coagulation
performance and able to increase the removal rate of a certain
pollutantin leachate.

3.2 TAPIOCA FLOUR (TF) AS SINGLE COAGULANT

A series of laboratory tests of tapioca flour (TF) as a single
coagulant was conducted to determine the optimum condition
for rapid mixing speed, rapid mixing duration, slow mixing speed,
slow mixing duration, settling time, pH and dose. TF was applied on
partially stabilised leachate, and the performance was evaluated

39
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CHAPTER FOUR

Tapioca Peel Starch as
Coagulant

4.1 INTRODUCTION

In this chapter, a natural coagulant made from agro-waste of
tapioca peel was developed, and its performance was tested by
applying it to the polluted leachate. The tapioca peel starch (TPS)
was extracted from the white flesh of the peel itself. After several
processes, the next step was to sundry the solution and ground the
dried tapioca peel until it became a fine powder. The effectiveness
of TPS as a natural coagulant was also studied as a coagulant aid
and composite coagulant to polyaluminium chloride (PAC).

4.2 TAPIOCA PEEL STARCH AS SINGLE
COAGULANT

An optimisation study was done by considering the concentration of
the solution, the coagulant dosage, and the pH of leachate. TPS was
applied on stabilised leachate, and the performance was evaluated
based on the percentage removal of COD, ammonia, turbidity,
colour, and suspended solids. Series of jar tests were used to

51
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CHAPTER FIVE

Comparison of Tapioca Flour
and Tapioca Peel Starch

5.1 INTRODUCTION

Tapioca flour and tapioca peel are originated from tapioca root.
Natural coagulants made from flour and peel can be used as a single
coagulant, coagulantaid, or composite coagulant. The performance
of both components as coagulants was evaluated in this topic to
determine the effectiveness of each coagulant in treating leachate
and complying with the leachate effluent discharge standard.

5.2 EFFECTIVENESS COMPARISON OF TAPIOCA
FLOURAND TAPIOCA PEEL STARCH AS SINGLE
COAGULANT

Based onTable 5.1, tapioca flour (TF) used a higher dose and slightly
higher pH to have the optimum removal of ammonia, suspended
solids, and colour as a single coagulant. Meanwhile, tapioca peel
starch (TPS) managed to obtain high removal of COD, suspended
solids, and colour with a lower dose and due to the alteration of
leachate pH to pH 3. In terms of removal, it could be concluded that
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CHAPTER SIX

Conclusion and
Recommendation

6.1 CONCLUSIONS

Tapioca flour (TF) has the ability to remove pollutants from
leachate. However, TF as a single coagulant produced the lowest
pollutant removal. While as coagulant aid in dual coagulant as well
as a composite coagulant, integration of TF produced good removal
of pollutant from leachate. However, integration of TF must be
within the suitable amount as it will affect the removal mechanism
as well as the efficiency of the coagulation-flocculation process
of leachate. Meanwhile, tapioca peel starch (TPS) shows its better
ability as a coagulant aid and composite coagulant compared to a
single coagulant. TPS has the potential to be developed as a natural
coagulant with extensive depth research needed to commercialise
it. Overall, this study concluded a distinctive conclusion that natural
coagulants isolated from commercial flour and agro-waste could
also enhance the treatment of highly polluted wastewater like
leachate, which most other scholars did not prefer for a treatment.

71

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 71 @ 29/1/2024 4:32:04 PM



Bibliography

Abbas, A. A, Jingsong, G., Ping, L. Z., Pan, Y. Y., & Al-Rekabi, W.S.
(2009). Review on Landfill Leachate Treatments. American
Journal of Applied Sciences, 6(4), 672-684.

Abujazar, M. S. S., Karaagag, S. U., Abu Amr, S. S, Alazaiza, M. Y. D.,
Fatihah, S., & Bashir, M. J. K. (2022). Recent advancementsin
plant-based natural coagulant application in the water and
wastewater coagulation-flocculation process: challenges
and future perspectives.

Adetunji, A. R., Isadare, D. A., Akinluwade, K. J., & Adewoye, O. O.
(2015). Waste to-Wealth Applications of Cassava - A Review
Study of Industrial and Agricultural Applications. Advances
in Research, 4(4), 212-229. http://doi.org/ 10.9734/
AIR/2015/15417

Ahmad, I., Abdullah, N., Chelliapan, S., Yuzir, A., Koji, I., Al-Dailami,
A., & Arumugham, T. (2020). Effectiveness of Anaerobic
Technologies in the Treatment of Landfill Leachate.
Strategies of Sustainable Solid Waste Management Dec, 10.

Alazaiza,M.Y.D.,Albahnasawi,A.,Ali,G.A. M., Bashir, M. J. K., Nassani,
D. E., Al Maskari, T., & Abujazar, M. (2022). Application of
Natural Coagulants for Pharmaceutical Removal from
Water and Wastewater: A Review. Water 2022: Wastewater
Treatment, 14(140), 63-78.

Al-Hamadani, Y. A. J., Yusoff, M. S., Umar, M., Bashir, M. J. K., &Adlan,
M. N. (2011). Application of psyllium husk as coagulant and
coagulant aid in semi-aerobic landfill leachate treatment.
Journal of Hazardous Materials, 190(1-3), 582-587. http://
doi.org/10.1016/j.jhazmat.2011.03.087

Alias, S. (2004). Olahan larut resapan semi aerobic menggunakan
pelbagai jenis bahan penggumpal dan kanji sebagai

73

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 73 @ 29/1/2024 4:32:04 PM



bahan bantu penggumpal: Kajian kes di tapak pelupusan
Pulau Burung, Master Thesis, School of Civil Engineering,
Universiti Sains Malaysia, Malaysia.

Al-Sameraiy, M. (2012). A Novel Water Pretreatment Approach for
Turbidity Removal Using Date Seeds and Pollen Sheath.
Journal of Water Resource and Protection, 04(02), 79-92.
http://doi.org/10.4236/jwarp.2012.42010

Altaher, H., Khalil T, & Abubeah, R. (2016). An Agricultural Waste as a
Novel Coagulant Aid To Treat High Turbid Water Containing
Humic Acids. Global NEST Journal, 18(2):279-290

Amokrane, A., Comel, C., & Veron, J. (1997). Landfill leachates
pretreatment by  coagulation-flocculation.  Water
Research, 31(11), 2775-2782.

Ang, W. L., Mohammad, A. W., Benamor, A., & Hilal, N. (2016).
Chitosan as natural coagulant in hybrid coagulation-
nanofiltration membrane process for water treatment.
Journal of Environmental Chemical Engineering, 4(4),
4857-4862. http://doi.org/10.1016/].jece.2016.03.029

Aripin, A. M. (2013). Cassava Peels for Alternative Fibre in Pulp
and Paper Industry: Chemical Properties and Morphology
Characterization. International Journal of Integrated, 5(1),
30-33.

APHA (2017) Standard Methods for The Examination of Water and
Waste Water. American Public Health Association.

Asharuddin, S. M., Othman, N., Shaylinda, N., Zin, M., Tajarudin, H.
A., Din, M. F.,, & Kumar, V. (2018). Performance Assessment
of Cassava Peel Starch and Alum as Dual Coagulant for
Turbidity Removal in Dam Water Performance Assessment
of Cassava Peel Starch and Alum as Dual Coagulant for
Turbidity Removal in Dam Water, (December)

International Journal of Integrated Engineering, 10(4), http://doi.
org/10.30880/ijie.2018.10.04.029

74

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 74 @ 29/1/2024 4:32:04 PM



Asharuddin, S. M., Othman, N., Shaylinda, M. Z. N., & Tajarudin, H.
A. (2017). A Chemical and Morphological Study of Cassava
Peel: A Potential Waste as Coagulant Aid. MATEC Web of
Conferences, 103(April), 06012. http://doi.org/10.1051/
matecconf/201710306012

Awang, N. A., & Aziz, H. A. (2012). Hibiscus rosa-sinensis leaf extract
as coagulant aid in leachate treatment. Applied Water
Science, 2(4), 293-298. http://doi.org/10.1007/s13201-012-
0049-y

Aziz,S.Q.,Aziz,H.A.,Bashir,M. J. K., &Mojiri, A. (2015). Assessment of
Various Tropical Municipal Landfill Leachate Characteristics
and Treatment Opportunities. Global NEST Journal, 17(3),
439-450.

Aziz,S.Q.,Aziz,H.A.,Bashir,M. J.,&Mojiri,A.(2014). Municipal Landfill
Leachate Treatment Techniques: An Overview. Wastewater
Engineering: Advanced Wastewater Treatment Systems,
208.

Azizan, M. O. (2019). Leachate treatment by using composite
coagulant made from polyaluminium chloride (PAC) and
tapioca starch (TS). Master Thesis. Universiti Tun Hussien
Onn Malaysia.

Banch, T. J., Hanafiah, M. M., Alkarkhi, A. F., & Abu Amr, S. S. (2019).
Factorial design and optimization of landfill leachate
treatment using tannin-based natural coagulant. Polymers,
11(8), 1349.

Beltran-Heredia, J., Sanchez-Martin, J., & Davila-acedo, M.A. (2011).
Optimization of the synthesis of a new coagulant from a
tannin extract. Journal of Hazardous Materials, 186,1704-
1712

Bhalla, B., Saini, M. S., & Jha, M. K. (2012). Characterization of
Leachate from Municipal Solid Waste (MSW) Landfilling Sites
of Ludhiana, India: A Comparative S Study. International
Journal of Engineering Research and Applications, 2(6),
732-745.

75

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 75 @ 29/1/2024 4:32:04 PM



Berita Harian (2019). Rakyat Malaysia hasil 37,890 tan sisa setiap
hari. Retrieved on 16 June 2019.

Birima, A. H., Hammad, H. A., Desa, M. N. M., & Muda, Z. C. (2013).
Extraction of natural coagulant from peanut seeds for the
treatment of turbid water. |IOP Conference Series: Earth and
Environmental Science, 16(1). http://doi.org/10.1088/1755-
1315/16/1/012065

Bories, C., Borredon, M.E., Vedrenne, E., Vilarem, G. & Agamuthu,
P. (2009). Challenges and opportunities in agro-waste
management: An Asian perspective what is agro-waste?
Journal of Environmental Management, 143: 186-196.

Budhiarta, 1., Siwar, C., & Basri, H. (2012). Advanced Science
Information Technology Current Status of Municipal Solid
Waste Generation in Malaysia. International Journal on
Advance Science Engineering Information Technology, 2(2),
16-21. http://doi.org/10.18517/ijaseit.2.2.169

Cheng,S.Y.,Show, P.L.,Juan, J.C.,Chang, J.S.,Lau,B.F,, Lai,S. H.,...
& Ling, T. C. (2021). Landfill leachate wastewater treatment
to facilitate resource recovery by a coagulation-flocculation
process via hydrogen bond. Chemosphere, 262, 127829.

Brenda Ch’ng (2020, April 11)Marked the drop in waste sent to
landfill. The Star. https:thestar.com.my/metro/metro-
news/2020/04/11/marked-drop-in-waste-send-to-landfills

Chiang, L.-C., Chang, J.-E., & Wen, T.-C. (1995). Indirect oxidation
effect in electrochemical oxidation treatment of landfill
leachate. Water Research, 29, 671-678.

Choy, S. Y., Prasad, K. M. N., Wu, T. Y., Raghunandan, M. E., &
Ramanan, R. N. (2014). Utilization of plant-based natural
coagulants as future alternatives towards sustainable water
clarification. Journal of Environmental Sciences (China),
26(11),2178-2189. http://doi.org/10.1016/].jes.2014.09.024

76

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 76 @ 29/1/2024 4:32:04 PM



Ch’ng B. (2020). Marked drop in waste sent to landfills. The Star.
Retrieved from https://www.thestar.com.my/metro/metro-
news/2020/04/11/marked-drop-in-waste-sent-to-landfills

Cortez, S., Teixeira, P., Oliveira, R.., & Mota, M. (2011). Evaluation
of Fenton and ozone-based advanced oxidation processes
as mature landfill leachate pre-treatments. Journal of
Environmental Management, 92, 749-755.

Daud Z., Detho A., Rosli, M. A., Awang, H., Ridzuan, M. B. & Tajarudin,
H. A. (2022). Optimization of mixing ratio, shaking speed,
contact time, and pH on reduction of Chemical Oxygen
Demand (COD) and Ammoniacal Nitrogen (NH3-N) in
leachate treatment. Journal of the Air & Waste Management
Association, 72(1), 24-33.

Daud, Z., Abubakar, M. H., Kadir, A. A., Latiff, A. A. A., Awang, H.,
Halim, A. A., & Marto, A. (2016). Optimization of leachate
treatment with granular biomedia: Feldspar and Zeolite.
Indian Journal of Science and Technology, 9(37), 11-15.
http://doi.org/10.17485/ijst/2016/v9i37/91845

Daud, Z., Sari, A., Kassim, M., Aripin, A. M., Awang, H., & Hatta, Z.
M. (2013). Chemical Composition and Morphological of
Cocoa Pod Husks and Cassava Peels for Pulp and Paper
Production. Australian Journal of Basic and Applied
Sciences, 7(9), 406-411.

Davis,M.A.and Conrwell,D.A.(1998). Introduction to environmental
engineering Vol 3, McGraw-Hill, New York.

Dungani, R., Karina, M., Subyakto, Sulaeman, A., Hermawan, D.,
& Hadiyane, A. (2016). Agricultural waste fibers towards
sustainability and advanced utilization: A review. Asian
Journal of Plant Sciences, 15(1-2), 42-55. http://doi.org/10.
3923/ajps.2016.42.55

Dwirianti D (2008). Pengolahan lindi tpa benowo dengan ekstrak
moringa oleifera dan membrane mikro-filtrasi. pengolahan
lindi tpa benowo dengan ekstrak moringa oleifera dan
membrane mikro-filtrasi. http://digilib.its.ac.id/pengolahan-

7

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 77 @ 29/1/2024 4:32:04 PM



lindi-tpa-benowo-denganestrak-moringa-oleifera-dan-
membrane-mikrofiltrasi- 825.html

El-Fadel, M., Findikakis, A.N., & Leckie, J.0. (1997). Environmental
impacts of solid waste landfilling. Journal of Environmental
Management, 50(1),1-25.

El-Gohary, F. A., & Kamel, G. (2016). Characterization and biological
treatment of pre-treated landfill leachate. Ecological
Engineering, 94, 268-274. http://doi.org/10.1016/].
ecoleng.2016.05.074

Environmental Quality Act 1974 and Regulations (1997). MDC Sdn.
Bhd. Malaysia

Faiz, M. A. Z. M., Yusoff, M. S., & Aziz, H. A. (2014). The Study of
Flocculant Characteristics for Landfill Leachate Treatment
Using Starch Based Flocculant from Durio Zibethinus Seed,
Advances in Environmental Biology, 8(15), 129- 135.

Fatehah, M. O., Hossain, S., & Teng, T. T. (2013). Semiconductor
Wastewater Treatment Using Tapioca Starch as a Natural
Coagulant.JournalofWaterResourceand Protection,05(11),
1018-1026. http://doi.org/10.4236/ jwarp.2013.511107

Fauziah, S. H., & Agamuthu, P. (2010). Landfills in Malaysia: Past,
Present and Future. 1st International Conference on Final
Sinks, Vienna, (September 23-25), 1-9.

Geenens, D., Bixio, B., & Thoeye, C. (2001). Combined ozone-
activated sludge treatment of landfill leachate. Water
Science & Technology, 44(2-3), 359-365.

Ghosh, S., & Hasan, S. E. (2010). Sanitary Landfill. Engineering

Geology, Environmental Geology &, lll. Retrieved from
https://www.eolss.net/SampleChapters/C09/E6-65-02-05.
pdf

Gin, W.A., Jimoh, A., Abdulkareem, A.S. & Giwa, A. (2014). Utilization
of Cassava Peel Waste as a Raw Material for Activated
Carbon Production: Approach to Environmental Protection

78

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 78 @ 29/1/2024 4:32:04 PM



in Nigeria. International Journal of Engineering Research
and Technology, 3(1), 35-42.

Haq, Fazal, Haojie Yu, L. I. Wang, Lisong Teng, Muhammad Haroon,
Rizwan Ullah Khan, Sahid Mehmood, Raja Summe
Ullah, Amin Khan, and Ahsan Nazir. (2019). Advances in
chemical modifications of starches and their applications.
Carbohydrate research 476: 12-35.

Hasanudin, U., Kustyawati, M. E.,Iryani,D.A.,Haryanto, A.,&Triyono,
S. (2019, February). Estimation of energy and organic
fertilizer generation from small scale tapioca industrial
waste. In /OP Conference Series: Earth and Environmental
Science (Vol. 230, No. 1, p. 012084). IOP Publishing.

Haslina, H., NorRuwaida, J., M Dewika, M., Rashid, M., Md Ali, A.
H., Khairunnisa, M. P., Daniel Azmi, M. A. (2021). Landfill
Leachate Treatment Methods and Its Potential for Ammonia
Removal and Recovery - AReview. |OP Conf. Series: Materials
Science and Engineering 1051 (012064) IOP Publishing,
doi:10.1088/1757-899X/1051/1/012064

Harshwardhan, K., & Upadhyay, K. (2017). Effective Utilization of
Agricultural Waste: Review. Journal of Fundamentals of
Renewable Energy and Applications, 7(5), 5-7. http://doi.
org/10.4172/20904541.1000237

He, P. J., Zheng, Z., Zhang, H., Shao, L. M., & Tang, Q. Y. (2009). PAEs
and BPA removal in landfill leachate with Fenton process
and its relationship with leachate DOM composition.
Science of The Total Environment, 407, 4928-4933.

Hedaoo, M. N. & Ghule, S. P. (2022). Practicability Study on
Application of Natural Coagulants. International Journal of
Engineering Research & Technology, Vol 11 (7) ISSN: 2278-
0181

Huang, C., & Chen, Y. (1996) Coagulation of colloidal particles in
water by chitosan. Journal of Chemical Technology and
Biotechnology 1996, 66(3) ,227-232.

79

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 79 @ 29/1/2024 4:32:04 PM



Ithan, F., Kurt, U., Apaydin, O., & Gonullu, M.T. (2008). Treatment of
leachate by electrocoagulation using aluminum and iron
electrodes. Journal of Hazardous Materials, 154(1-3), 381-
389.

Ismail, S. N. S., & Manaf, L. A. (2013). The challenge of future
landfill: A case study of Malaysia. Journal of Toxicology
and Environmental Health Sciences, 5(6), 86-96. http://doi.
org/10.5897/JTEHS12.058

Jaganathan J. S., Sheikh Abdullah, S. R., Ismail, N 1., Siti
Shilatul Najwa Sharuddin, S. S. N. (2022). Coagulation-
Flocculation Process of Nutrient-Rich Suspended Solids
from Aquaculture Effluent Using Bioflocculant. Journal of
Biochemistry, Microbiology, and Biotechnology, Vol 10, No
SP2, 46-56, https://doi.org/10.54987/jobimb.v10iSP2.728

Jeon, J. R, Kim, E. J., Kim, Y. M., Murugesan, K., Kim, J. H., & Chang,
Y. S. (2009). Use of grape seed and its natural polyphenol
extracts as a natural organic coagulant for removal of
cationic dyes. Chemosphere, 77(8), 1090-1098. http://doi.
org/10.1016/j.chemosphere.2009.08.036

Jiang, J. Q. (2001). Development of Coagulation Theory and Pre-
Polymerized Coagulants for Water Treatment. Separation
and Purification Methods, 30(1), 127-141. http://doi.
org/10.1081/SPM-100102986

Kalpana, V. N., Sravani, N., Vigneshwari, T., & Devi Rajeswari, V.
(2016). An inexpensive substrate for the production of
alkaline protease by Bacillus sp and its application studies
of Manihot esculenta. Der Pharmacia Lettre, 8(1), 220- 232.

Kamaluddin, N. (2005). Kajian penyingkiran kekeruhan, sulfat,
nitrat, klorida, cadmium, kuprum dan zink dari air dan air
sisa mengunakan kanji semulajadi. Tesis Master. Universiti
Sains Malaysia.

Kamaruddin, M. A, Yusoff, M. S., Aziz, H. A., & Hung, Y. T. (2015).
Sustainable treatment of landfill leachate. Applied Water
Science, 5(2), 113-126. http://doi.org/10.1007/s13201-014-
0177-7

80

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 80 @ 29/1/2024 4:32:04 PM



Kargi, F. & Pamukoglu, M. Y. (2003). Aerobic biological treatment
of pre-treated landfill leachate by fed-batch operation.
Enzyme and Microbial Technology, 33, 588-595.

Kargi, F., & Pamukoglu, M. Y. (2004). Adsorbent supplemented
biological treatment of pre-treated landfill leachate by fed-
batch operation. Bioresource Technology, 94(3), 285-291.
http://doi.org/10.1016/j.biortech.2004.01.003

Ki, O. L., Kurniawan, A., Lin, C. X,, Ju, Y. H., & Ismadji, S. (2013).
Bio-oil from cassava peel: A potential renewable energy
source. Bioresource Technology, 145, 157-161. http://doi.
org/10.1016/j.biortech.2013.01.122

Kiley, G. (1998), Environmental Engineering, McGraw Hill. Singapore.

Kurniawan, T. A., Lo, W. H, & Chan, G. (2006). Physico-chemical
treatments for removal of recalcitrant contaminants from
landfill leachate. Journal of Hazardous Materials 2006,
129(1), 80-100.

Lee, K. E., Morad, N., Teng, T. T., & Poh, B. T. (2012). Development,
characterization and the application of hybrid materials
in coagulation/flocculation of wastewater: A review.
Chemical Engineering Journal, 203, 370-386. http://doi.
org/ 10.1016/j.cej.2012.06.109

Li, S., Fang, S., He, S., Hao, Y., & Xiong, G. (2014). The Application of
PFZSSB in Advanced Wastewater Treatment from Landfill
Leachate. IERI Procedia, 9, 64- 70. http://doi.org/10.1016/].
ieri.2014.09.042

Li, W., Hua, T., Zhaou, Q., Zhang, S., & and Li, F. (2010). Treatment
of stabilized landfill leachate by the combined process of
coagulation/flocculation and powder activated carbon
adsorption. Desalination, 264, 56-62.

Lim, S. F, & Matu, S. U. (2015). Utilization of agro-wastes to
produce biofertilizer. International Journal of Energy
and Environmental Engineering, 6(1), 31-35. http://doi.
org/10.1007/s40095-014-0147-8

81

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 81 @ 29/1/2024 4:32:04 PM



Lo, M. R. (2012), Development and Application of Novel Coagulant
from OQil Palm Trunk Waste for Semi-Aerobic Landfill
Leachate Treatment, Master thesis, Universiti Sains
Malaysia.

Lopez-Maldonado, E. A., Oropeza-Guzman, M. T., Jurado-Baizaval,
J. L., & OchoaTeran, A. (2014). Coagulation-flocculation
mechanisms in wastewater treatment plants through zeta
potential measurements. Journal of Hazardous Materials,
279, 1-10. http://doi.org/10.1016/j.jhazmat.2014.06.025

Maleki. A., Zazouli,M.A., 1zanloo, H., & Rezaee, R. (2009). Composting
plant leachate treatment by coagulation-flocculation
process. American-Eurasian Journal of Agricultural &
Environmental Science, 5(5), 638-643.

Masirin, M. 1. H. M., Ridzuan, M. B.,Mustapha, S.,&Don, R.A. M. (2008).
An Overview of Landfill Management and Technologies:
A Malaysian Case Study at Ampar Tenang. Proceedings
1st National Seminar on Environment, Development &
Sustainability: Biological, Economical and Social Aspects,
157-165.

McBean, E. A., Rovers, F. A., & Farquahar, G. J. (1995). Solid waste
landfill; engineering and design. Prentice Hall.

Mehmood, M. K., Adetutu, E., Nedwell, D. B. & Ball, A. S. (2009). In
situ microbial treatment of landfill leachate using aerated
lagoons. Bioresource Technology, 100, 2741- 2744. http://
doi.org/10.1016/j.biortech. 2008.11.031

MHLG, (2011). MHLG Selected Statistics 2011. Malaysia: Ministry of
Housing and Local Government (MHLG). Retrieved 8 June
2012. PROGRAM PENGURUSAN_SISA_PEPEJAL.pdf

Mohajeri, S., Aziz, H. A,, Isa, M. H., Zahed, M. A. & Adlan, M. N.
(2010). Statistical optimization of process parameters for
landfill leachate treatment using electro-Fenton technique.
Journal of Hazardous Materials, 176, 749-758.

82

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 82 @ 29/1/2024 4:32:04 PM



Mojiri, A., Zhou, J. L., Ratnaweera, H., Ohashi, A., Ozaki, N., Kindaichi,
T., & Asakura, H. (2021). Treatment of landfill leachate with
different techniques: an overview. Journal of Water Reuse
and Desalination, 11(1), 66-96.

Mohd-Salleh, S. N. A. (2021). New Composite Coagulant from Agro-
Waste (Tapioca Peel) And Polyaluminium Chloride for
Primary Landfill Leachate Treatment. PhD Thesis. Universiti
Tun Hussein Onn Malaysia.

Mohd-Salleh, S. N. A., Shaylinda, M. Z. N., Othman, N., Yasni, G., &
Norshila, A. B. (2020). Optimisation of tapioca peel powder
as natural coagulant in removing chemical oxygen demand,
ammonia nitrogen, turbidity, colour, and suspended
solids from leachate sample. In Water and Environmental
Engineering (pp. 69-86). UTHM Publishing.

Mohd-Salleh, S. N. A., Mohd-Zin, N. S., Othman, N., Mohd-
Amdan, N. S., & Mohd-Shahli, F. (2018). Dosage and pH
optimization on stabilized landfill leachate via coagulation-
flocculation process. In MATEC Web of Conferences (Vol.
250, p. 06007). EDP Sciences. https://doi.org/10.1051/
matecconf/201825006007

Moussas, P. A. & Zouboulis, A. I. (2009). A new inorganic-organic
composite coagulant, consisting of Polyferric Sulphate
(PFS) and Polyacrylamide (PAA). Water Research, 43(14),
3511-3524. http://doi.org/10.1016/j.watres.2009.05.015

Muhamad-Hanafi, N. F. (2015). Landfill Leachate Treatment by
Combination of Electro-Fenton and Sequencing Batch
Reactor Method. Master Thesis. Universiti Tun Hussien Onn
Malaysia.

Muyibi, S.A., Birima, A.H.M., Mohammed, T.A., Noor, M.J.M.M. &
Kadhuma, A.H. (2004). Conventional treatment of surface
water using Moringa oleifera seeds extract as primary
coagulant lIUM Journal of Engineering, (1), 12 - 25.

83

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 83 @ 29/1/2024 4:32:04 PM



MyMetro (2016) Sasar 22% Kadar Kitar Semula. https://www.
hmetro.com.my/node/141942 Retrieved on 20 January
2019.

Naveen, B. P., Puvvadi, S., & Sitharam, T. G. (2014). Characteristics
of a Municipal Solid Waste Landfill. Proceedings of Indian
Geotechnical Conference 1GC-2014, (December 18-20), 1-7.
http://doi.org/10.13140/2.1.4972.4489

Ong, S. L. (2010). A study of landfill leachate treatment by PACI,
Sago starch and Tapioca starches, Hymenocallis Liriosme
and Aloe Vera as coagulant. Master Thesis. Universiti Sains
Malaysia.

Ozacar, M. & Sengil, I. A. (2003). Evaluation of tannin biopolymer as a
coagulant aid for coagulation of colloidal particles. Colloids
and Surfaces A: Physicochemical and Engineering Aspects,
229, 85-96.

Panwar, K., Dadhich, I., Dave, M., Sharma Y., and Nagaraju Shaik,
N. (2022). Effective Waste Water Treatment by the
Application of Natural Coagulants. Advances in Materials
Science and Engineering (3023200), Hindawi, https://doi.
org/10.1155/2022/3023200.

Purwanto, H., Khamis, S. S., Mohd Salleh, H., Rozhan, A. N., Rahman,
M. A., & Othman, R. (2022). Characteristics of Leachate
Upon Hydrothermal Treatment Processing: Case Study
of Ampang District Municipal Solid Waste Leachate. I1IlUM
Engineering Journal, 23(2), 205-217.

Periathamby, A., Hamid, F. S., & Khidzir, K. (2009). Evolution of solid
waste management in Malaysia: impacts and implications
of the solid waste bil. Material Recycles Waste Management,
11,96-103.

Pondja Jr., E. A., Persson, K. M., & Matsinhe, N. P. (2017). The
Potential Use of Cassava Peel for Treatment of Mine Waterin
Mozambique. Journal of Environmental Protection, 08(03),
277-289. http://doi.org/10.4236/jep.2017. 83021

84

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 84 @ 29/1/2024 4:32:04 PM



Premkumar, R., Rajesh, S., Prasanna, V. M. (2021). Feasibility
Study on Application of Natural Coagulants. Journal of
Physics: Conference Series 2070 (012186) I0P Publishing
doi:10.1088/1742-6596/2070/1/012186

Prihatinningtyas, E., & Effendi, A. J. (2022, July). Performance of
natural coagulant extracted from tapioca and corn flour
for the treatment of tofu wastewater. In IOP Conference
Series: Earth and Environmental Science (Vol. 1062, No. 1, p.
012030). IOP Publishing.

Qudsieh, I. Y., Fakhru’-Razi, A., Kabbashi, N. A., Mirghani, M. E. S,,
Fandi, K. G., Alam, M. Z., Muyibi, S. A., & Nasef, M. M. (2008).
Preparation and Characterization of a New Coagulant
Based on the Sago Starch Biopolymer and Its Application
in Water Turbidity Removal. Journal of Applied Polymer
Science, 109, 3140-3147. http://doi.org/10.1002/app

Radhi, N. A. M. (2020). Expert: Do more for garbage management,
Retrieved on March 18, 2020, on https://www. nst.com.my/
news/nation/2020/02/568254/expert-do-more-garbage-
management

Ramli, R. Y. (2011). The use of tapioca starch as coagulant and
coagulant aid in leachate treatment, Thesis Degree,
Universiti Sains Malaysia.

Rasool, M. A., Tavakoli, B., Chaibakhsh, N., Pendashteh, A. R., &
Mirroshandel, A. S. (2016). Use of a plant-based coagulant
in coagulation-ozonation combined treatment of leachate
from a waste dumping site. Ecological Engineering, 90, 431-
437. http://doi.org/10.1016/j.ecoleng.2016.01.057

Ratnadewi, A. A. I., Santoso, A. B., Sulistyaningsih, E., & Handayani,
W. (2016). Application of Cassava Peel and Waste as
Raw Materials for Xylooligosaccharide Production Using
Endoxylanase from Bacillus subtilis of Soil Termite
Abdomen. Procedia Chemistry, 18, 31-38. http://doi.org/
10.1016/j.proche.2016.01.007

85

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 85 @ 29/1/2024 4:32:04 PM



Rautenbach, R. & Mellis, R. (1994). Waste water treatment
by a combination of bioreactor and nanofiltration.
Desalination, 95(2),171-188.Ravina, L. and Moramarco, N.
(1993). Everything you want to know about Coagulation &
Flocculation. Zeta-Meter Inc.

Rayudu E. S., Likhitha A., Reddy, K. S. & Kumar, G. N. (2022). A
Study on Dragon Fruit Foliage as Natural Coagulant and
Coagulant Aid for Water Treatment. IOP Conf. Series: Earth
and Environmental Science 982 (012040) IOP Publishing,
doi:10.1088/1755-1315/982/1/012040’

Rebolledo, L. P., Arana, V. A., Trilleras, J., Barros, G. E., Gonzalez-
Solano, A. J., & Maury-Ardila, H. (2019). Efficiency of
combined processes coagulation/solar photo Fenton in the
treatment of landfill leachate. Water, 11(7), 1351.

Renou, S., Givaudan, J. G., Poulain, S., Dirassouyan, F., & Moulin, P.
(2008). Landfill leachate treatment: Review and opportunity.
Journal of Hazardous Materials, 150(3), 468-493. http://doi.
org/10.1016/j.jhazmat.2007.09.077

Rubio, J., Souza, M.L., & Smith, R.W. (2002). Overview of flotation as
a wastewater treatment technique. Minerals Engineering,
15(3), 139-155.

Rusdizal, N., Aziz, H. A., & Mohd-Omar, F. (2015). Potential use of
polyaluminium chloride and tobacco leaf as coagulant
and coagulant aid in post-treatment of landfill leachate.
Avicenna J Environmental Health Engineering In Press, 1-5.
http://doi.org/10.1007/978-3-7091-0693-8

Saharudin, N. F. A, & Nithyanandam, R. (2014). Wastewater
Treatment by using Natural Coagulant. 2nd Eureca, 2-3.

Saravanan, J., Priyadharshini, D., Soundammal, A., Sudha, G., &
Suriyakala, K. (2017). Wastewater treatment using natural
coagulants. SSRG International Journal of Civil Engineering
(SSRG-1JCE),  4(3), 40-42. http://doi.org/10.1007/
BF03004694

86

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 86 @ 29/1/2024 4:32:04 PM



Semerjian, L., & Ayoub, G. M. (2003). High-pH-magnesium
coagulation-flocculation in wastewater treatment. Advances
in Environmental Research,7(2), 389-403.

Shak, K. P. Y., & Wu, T. Y. (2014). Coagulation-flocculation treatment
of high-strength agro-industrial wastewater using natural
Cassia obtusifolia seed gum: Treatment efficiencies and
flocs characterization. Chemical Engineering Journal, 256,
293-305. http://doi.org/10.1016/j.cej.2014.06.093

Shamsnejati, S., Chaibakhsh, N., Pendashteh, A. R., & Hayeripour, S.
(2015). Mucilaginous seed of Ocimum basilicum as a natural
coagulant for textile wastewater treatment. Industrial
Crops and Products, 69, 40-47. http://doi.org/10.1016/j.
indcrop.2015.01.045

Shan, T. C., Matar, M. Al, Makky, E. A., & Ali, E. N. (2017). The use of
Moringa oleifera seed as a natural coagulant for wastewater
treatment and heavy metals removal. Applied Water
Science, 7(3), 1369-1376. http://doi.org/10.1007/s13201-
016-0499-8

Shaylinda, M. Z. N. (2015). Treatment of Partially Stabilized
Landfill Leachate Using Composite Coagulant Derived
From Prehydrolyzed Iron And Tapioca Starch. PhD Thesis.
Universiti Sains Malaysia.

Shaylinda, M. Z. N., Aziz, H. A., & Tajudin, S. A. A. (2016). Performance
of tapioca starch in removing suspended solids, colour
and ammonia from real partially stabilized leachate
by coagulation-flocculation method. ARPN Journal of
Engineering and Applied Sciences, 11(4), 2543-2546.

Shaylinda, M. Z. N., Aziz, H. A., Adlan, M. N., Ariffin, A., Yusoff, M. S,
& Dahlan, I. (2014). Treatability Study of Partially Stabilized
Leachate by Composite Coagulant (Prehydrolyzed Iron
and Tapioca Flour). International Journal of Scientific
Research in Knowledge, (July 2014), 313-319. http://doi.
org/10.12983/ijsrk-2014-p0313-0319

87

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 87 @ 29/1/2024 4:32:04 PM



Simate, G. S., & Ndlovu, S. (2015a). The removal of heavy metalsin a
packed bed column using immobilized cassava peel waste
biomass. Journal of Industrial and Engineering Chemistry,
21,635-643. http://doi.org/10.1016/].jiec.2014.03.031

Simate, G. S., Ndlovu, S., & Seepe, L. (2015b). Removal of heavy
metals using cassava peel waste biomass in a multi-stage
countercurrent batch operation. Journal of the Southern
African Institute of Mining and Metallurgy, 115(12), 1137-
1141. http://doi.org/10.17159/2411-9717/2015/v115n12al

Stegmann, R.,Heyerm, K. U., & Cossu, R. (2005). Leachate treatment,
In Ten International Waste Management and Landfill
Symposium, 7 October 2005, Sardinia Italy.

Subramonian, W., Wu, T. Y., & Chai, S. P. (2014). A comprehensive
study on coagulant performance and floc characterization
of natural Cassia obtusifolia seed gum in treatment of raw
pulp and paper mill effluent. Industrial Crops and Products,
61, 317-324.http://doi.org/10.1016/j.indcrop.2014.06.055

SWCorp (2019) Compedium Pengurusan Sisa Pepejal Malaysia 2019,
Perbadanan Pengurusan Sisa Pepejal da n Pembersihan
Awam (SWCorp), Malaysia.

Syafalni, Lim, H. K., Ismail, N., Abustan, I., Murshed, M. F., & Ahmad, A.
(2012). Treatment of landfill leachate by using lateritic soil as
a natural coagulant. Journal of Environmental Management,
112,353-359. http://doi.org/10.1016/j.jenvman.2012.08.001

Taib, M. R., Mook, B. N., Tahir, M. I. H. M., Aziz, M. A. A. (2021).
Electrocoagulation Treatment of Sanitary Landfill Leachate
in Malaysia. I0P Conf. Series: Materials Science and
Engineering 1051 (012074) IOP Publishing, doi:10.1088/1757-
899X/1051/1/012074

Taylor, B. (2015). Waste Management in Malaysia: In the Dumps.
Clean Malaysia Team. Retrieved from https://cleanmalaysia.
com/2015/09/04/waste-management-in-malaysia-in-the-
dumps/

88

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 88 @ 29/1/2024 4:32:04 PM



Tchobanoglous, G., Hilarytheissen, A. & Vigil, S. (1993). Integrated
Solid Waste Management: Engineering principles and
management issues, Singapore, McGraw Hill. Singapore.

Teh, C. Y., Budiman, P. M., Shak, K. P. Y., & Wu, T. Y. (2016). Recent
Advancement of Coagulation-Flocculation and Its
Application in Wastewater Treatment. Industrial and
Engineering Chemistry Research, 55(16), 4363-4389. http://
doi.org/10.1021/acs.iecr.5b04703

Teixeira, R. M., Camacho, F. P,, Sousa, V. S., & Bergamasco, R. (2017).
Green technologies for cyanobacteria and natural organic
matter water treatment using natural based products.
Journal of Cleaner Production, 162, 484-490. http://doi.
org/10.1016/j.jclepro.2017.06.004

Teng, C., Zhou, K., Peng, C., & Chen, W. (2021). Characterization and
treatment of landfill leachate: A review. Water research, 203,
117525.

Tonukari, N. J., Ezedom, T., Enuma, C. C., Sakpa, S. O., Avwioroko,
0. J., Eraga, L., & Odiyoma, E. (2015). White Gold: Cassava
as an Industrial Base. American Journal of Plant Sciences,
6(6), 972-979. http://doi.org/10.4236/ajps.2015.67103

Umar, M., Aziz, H. A., & Yusoff, M. S. (2010). Variability of parameters
involved in leachate pollution index and determination of
LPI from four landfills in Malaysia. International Journal of
Chemical Engineering, 1-6.

Verma, M., & Kumar, N. R. (2016). Can coagulation-flocculation
be an effective pre-treatment option for landfill leachate
and municipal wastewater co-treatment? Perspectives in
Science, 8,492-494. http://doi.org/10.1016/].pisc.2016.05.005

Vieira, R. B., Vieira, P. A., Cardoso, S. L., Ribeiro, E. J., & Cardoso,
V. L. (2012). Sedimentation of mixed cultures using natural
coagulants for the treatment of effluents generated in
terrestrial fuel distribution terminals. Journal of Hazardous
Materials, 231-232, 98-104. http://doi.org/10.1016/].
jhazmat.2012.06.043

89

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 89 @ 29/1/2024 4:32:04 PM



Xu, M., Wu, C., Li, Y., Zhou, Y., Xue, H., & Yu, Y. (2018). Coagulation
Behavior and Floc Properties of Dosing Different Alkaline
Neutralizers into the Fenton Oxidation Effluent. Water, Air,
& Soil Pollution, 229(382), 1-12.

Yalcuk, A. & Ugurlu, A, (2009). Comparison of horizontal and
vertical constructed wetland systems for landfill leachate
treatment. Bioresource Technology, 100(9), 2521-2526.

Yao, Y., Wu, X., Geng, M., Li, R., Liu, J., Hu, X., & Guo, J. (2014). Cloning,
3D Modeling and Expression Analysis of Three Vacuolar
Invertase Genes from Cassava (Manihot esculenta

Crantz). Molecules, 19(5), 6228-6245. https://doi.org/10.3390/
molecules19056228

Yin, C.Y.(2010). Emerging usage of plant-based coagulants for water
and wastewater treatment. Process Biochemistry, 45(9),
1437-1444. http://doi.org/10.1016/j.procbio.2010.05.030

Yin, CY., Suhaimi, AT., & Lim, Y.P. (2007). Turbidity removal from
surface water and landfill leachate using cactus opuntia.
Journal of Institution of Engineers, Malaysia, 68(1), 61-64.

Yusoff, M. S., & Mohamad-Zuki, N. A. (2015). Optimum of Treatment
Condition for Artocarpus heterophyllus Seeds Starch as
Natural Coagulant Aid in Landfill Leachate Treatment by
RSM. Applied Mechanics and Materials, 802,484-489. http://
doi.org/10.4028/www.scientific.net/AMM.802.484

Zainol, N. A., Aziz, H. A, Yusoff, M. S., & Umar, M. (2011). The use
of Polyaluminum Chloride for the treatment of Landfill
Leachate via Coagulation and Flocculation processes.
Research Journal of Chemical Sciences, 1(3), 34-39.

Zaini, M. S. I., Hasana, M., Zolkepli, M. F. (2022). Urban landfills
investigation for leachate assessment using electrical
resistivity imaging in Johor, Malaysia. Environmental
Challenges 6 (100415).

90

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 90 @ 29/1/2024 4:32:04 PM



Zhang, J., Zhang, F., Luo, Y., & Yang, H. (2006). A preliminary
study on cactus as coagulant in water treatment. Process
Biochemistry, 41, 730-733.

Zhang, M., Xie, L.,Yin, Z.,Khanal, S. K., & Zhou, Q. (2016). Biorefinery
approach for cassava-based industrial wastes: Current
status and opportunities. Bioresource Technology, 215, 50-
62. http://doi.org/10.1016/j.biortech.2016.04.026

Zhou, L., Zhou, H., & Yang, X. (2019). Preparation and performance
of a novel starch-based inorganic/organic composite
coagulant for textile wastewater treatment. Separation and
Purification Technology, 210 (August 2018), 93-99. http://
doi.org/10.1016/j.seppur.2018.07.089

91

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 91 @ 29/1/2024 4:32:04 PM



List of Authors

Prof. Madya Dr. Nur Shaylinda Mohd Zin
is a lecturer in the Faculty of Civil and Built
Environment at Universiti Tun Hussein Onn
Malaysia. She received her PhD degree in civil
engineering ( Water and Wastewater Treatment) from Universiti
Sains Malaysia in 2015. Her research interest is application of
coagulation for water and wastewater treatment.

Dr. Siti Nor Aishah Mohd Salleh is a
Lecturer and Programme Coordinator for
Environmental Technology Programmes
(Bachelor and Diploma) at Quest International
University, Ipoh, Perak. She graduated with
a PhD in Civil Engineering (Environment) from Faculty of Civil
Engineering and Built Environment, Universiti Tun Hussien
Onn Malaysia (UTHM) focusing on the development of a new
composite coagulant using recycled agro-waste and commercial
coagulant for wastewater treatment. Her research interests
involve water and wastewater treatments, waste management,
green and sustainable campus, and also natural and composite
coagulants.

93

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 93 @ 29/1/2024 4:32:04 PM



Prof. Dr. Hamidi Abdul Aziz is a Professor in
Environmental Engineering in the School of
Civil Engineering of Universiti Sains Malaysia.
Professor Aziz received his PhD degree in civil
engineering (Environmental Engineering) from the University of
Strathclyde in Scotland in 1992. Professor Aziz’s research focuses
on alleviating problems associated with water pollution issues
from industrial wastewater discharges and from solid waste
management via landfilling, such as landfill leachate.

94

Tapioca Starch Coagulant for Landfill Leachate Treatment.indd 94 @ 29/1/2024 4:32:04 PM



/

ICcax

Starch Coagulant
for Landfill Leachate
Treatment

Coagulation-flocculation is applied for various wastewater
such as sewage, industrial, and leachate, which has the
proven ability to remove pollutants through a solid-liquid
separation process. Coagulant is a material added during
coagulation with chemical coagulants used conventionally.
However, using natural coagulants to replace chemical
coagulants is widely studied. This book highlights the
application of natural tapioca starch coagulant for the
coagulation-flocculation of stabilised leachate. This book’s
content is also regarded as an alternative solution for
leachate treatment for landfill management. This book first
presented information on landfills and leachate, followed by
starch as a natural coagulant from a previous study. It
compiles the research study and highlights the application of
natural coagulants made from starch tapioca flour and
tapioca peel in the form of single, dual and composite
coagulants. Finally, it helps academics, researchers, and
students better understand the application of natural
starch-root coagulant for treating landfill leachate.

ISBN 978-629-490-006-6
03700

Penerbit ““ |
UTHM 9 1786294"900066

For more information,
please scan the code




	Blank Page



