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ABSTRACT

Papaya, or also known as carica papaya is a common fruit grown in many tropical
climate countries. Following its mass consumption, papaya fruit wastes such as peels and
seeds are generated around 15 to 20% of the fruit’s weight. Hence, the needs arise to either to
reduce waste or reuse it into other forms that can be beneficial. Natural coagulants are
gaining interest as they are environmentally friendly compared to chemical coagulants.
Therefore, the aim of this study is to utilize discarded papaya seeds in becoming the natural
coagulant to treat turbid water. The objective of this study is to characterize physico-chemical
and morphological properties of carica papaya seed-derived natural coagulant, to determine
the optimum operating conditions of carica papaya seed-derived natural coagulant in treating
synthetic water and to investigate performance efficiency of carica papaya seeds-derived
natural coagulant in treating different classes of river water. Initially, the collected carica
papaya seeds were processed by washing, deshelling, drying at 50°C for 24 hours and
grinding prior to physico-chemical and morphological characterization. Jar test was
conducted based on 2-level factorial design, followed by Response Surface Methodology
(RSM) in order to determine the optimum operating conditions of coagulant dosage, pH and
initial turbidity on turbidity removal and coagulation activity. For comparison purpose, alum
was used. The effectiveness of carica papaya seeds-derived natural coagulant was then tested
on different classes of rivers. Class Ill, Class IV and Class V river water was represented by
Skudai River, Melana River and Tukang Batu River respectively. The effectiveness of carica
papaya seeds as coagulant was determined based on the removal of turbidity, chemical
oxygen demand (COD), ammoniacal nitrogen, nitrite, nitrate, phosphorus and coliforms.
Based on the findings, the deshelled carica papaya seeds contained 3.9% moisture content,
which resulted towards high yield of 99.2%. The isoelectric point of carica papaya seeds
derived natural coagulant was at pH 6 while the surface charge was recorded as +0.4 meq/g.
The coagulant also contained minimum concentration of iron and sufficiently high protein
content of 363 mg/g. Factorial analysis of carica papaya seeds-derived coagulant revealed
that most main and interaction terms are significant, excluding interaction between pH and
initial turbidity on turbidity removal. Based on the RSM analysis, at optimum condition of
196 mg/L dosage, pH 4 and initial turbidity of 500 NTU, the papaya seeds were capable to
remove turbidity up to 93% with coagulation activity of 85%. Actual observations using the
optimum conditions resulted to 88% turbidity removal and 83% coagulation activity.
Meanwhile for alum, at optimum condition of 197 mg/L dosage, pH 6.3 and initial turbidity
of 425 NTU, the recorded turbidity removal and coagulation activity was 98% and 98%,
respectively. Actual observations using the optimum conditions resulted to 94% turbidity
removal and 93% coagulation activity. Carica papaya seeds derived natural coagulants were
also able to obtain high removal turbidity (87.6%), nitrite (86.2%) and nitrate (82.3%) for
river of Class 111 while for river of Class IV, the natural coagulant obtained higher removal of
only turbidity (88.3%) and nitrite (92.2%). This natural coagulant was also able to remove
57.6% and 62.1% of total coliform and Escherichia coli, respectively from Class Il river
water, which then verifies the antimicrobial properties of the studied natural coagulant. In
conclusion, carica papaya seeds have proved its potential ability in becoming effective
natural coagulant and able to treat synthetic kaolin water as well as river water of Class IV
and below at designated optimum conditions.



ABSTRAK

Betik, atau nama saintifiknya carica papaya adalah buah popular yang ditanam di
kebanyakan negara tropika. Berikutan pengambilannya yang banyak, sisa betik seperti kulit dan
biji juga dihasilkan dalam anggaran 15 hingga 20% dari berat asal buah. Oleh itu, perlu ada cara
sama ada mengurangkan sisa tersebut atau menggunakannya semula dalam bentuk lain yang lebih
bermanfaat. Pengental semula jadi semakin popular kerana ia adalah mesra alam sekitar jika
dibandingkan dengan pengental kimia. Justeru itu, kajian ini bertujuan untuk memanfaatkan sisa
biji betik dengan menjadikannya pengental semua jadi bagi merawat air yang keruh. Objektif
kajian ini adalah untuk pengkelasan biji betik dari segi fiziko-kimia dan sifat morfologi,
menentukan keadaan operasi yang optimum bagi pengental semula jadi yang dihasilkan dari biji
carica papaya dalam merawat air sintetik dan mengkaji kebolehan pengental semua jadi yang
dihasilkan dari biji carica papaya untuk merawat air dari sungai dengan kelas berbeza. Pada
mulanya, biji carica papaya yang telah dikumpul diproses dengan membasuh, membuang kulit
luar, pengeringan pada 50°C selama 24 jam dan dikisar sebelum pencirian fiziko-kimia dan
morfologi dijalankan. Ujikaji balang dilakukan berdasarkan reka bentuk faktorial 2-peringkat,
diikuti dengan Kaedah Permukaan Tindak Balas (RSM) untuk menentukan keadaan operasi yang
optimum bagi faktor dos pengental, pH dan kekeruhan awal terhadap pengurangan kekeruhan dan
aktiviti pengentalan. Untuk tujuan perbandingan, alum digunakan. Keberkesanan pengental
semula jadi biji carica papaya kemudiannya diuji terhadap kelas sungai yang berbeza. Sungai
Kelas 111, Kelas IV dan Kelas V diwakili oleh Sungai Skudai, Sungai Melana dan Sungai Tukang
Batu. Keberkesanan pengental semula jadi oleh biji carica papaya ditentukan berdasarkan
pengurangan kekeruhan, permintaan oksigen kimia (COD), nitrogen-ammonia, nitrit, nitrat,
fosforus dan koliform. Berdasarkan hasil kajian, biji carica papaya yang dibuang kulitnya
mengandungi 3.9% kandungan lembapan, yang menghasilkan hasil akhir yang tinggi sebanyak
99.2%. Titik isoelektrik pengental semula jadi biji carica papaya adalah pada pH 6 manakala cas
permukaan direkodkan sebagai +0.4 meg/g. pengental ini juga mengandungi kepekatan besi yang
minimum dan mengandungi kandungan protein yang cukup tinggi iaitu 363 mg/g. Analisis
faktorial pengental semula jadi biji carica papaya menunjukkan kebanyakan terma utama dan
interaksi adalah penting kecuali interaksi antara pH dan kekeruhan awal terhadap pengurangan
kekeruhan. Berdasarkan analisis RSM, pada keadaan optimum dos 196 mg/L, pH 4 dan
kekeruhan awal 500 NTU, biji betik dapat mengurangkan kekeruhan sebanyak 93% dengan
aktiviti pengentalan sebanyak 85%. Keputusan sebenar menggunakan keadaan optimum telah
mengurangkan kekeruhan sebanyak 88% dan 83% aktiviti pengentalan. Sementara itu untuk
alum, pada keadaan optimum dos 197 mg/L, pH 6.3 dan kekeruhan awal 425 NTU, pengurangan
kekeruhan dan aktiviti pengentalan yang direkodkan masing-masing adalah 99% dan 98%.
Keputusan sebenar menggunakan keadaan optimum telah mengurangkan kekeruhan sebanyak
94% dan 93% aktiviti pengentalan. Pengental semulajadi biji carica papaya juga menunjukkan
peratus pengurangan yang tinggi bagi kekeruhan (87.6%), nitrit (86.2%) dan nitrat (82.3%) untuk
air sungai Kelas Il manakala bagi air sungai Kelas IV, pengental semula jadi memperoleh
peratusan pengurangan yang tinggi hanya bagi kekeruhan (88.3%) dan nitrit (92.2%). Pengental
semula jadi ini juga mampu mengurangkan sebanyak 57.6% kolifom dan 62.1% Escherichia coli
dari sungai Kelas Ill, maka ini membuktikan sifat anti-bakteria terhadap pengental semula jadi
tersebut. Kesimpulannya, kebolehan biji carica papaya untuk menjadi pengental semula jadi
telah terbukti dan ia mampu merawat air sintetik dan juga merawat air sungai Kelas 1V ke bawah
dalam keadaan operasi yang optimum.
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CHAPTER 1

INTRODUCTION

1.1  Background of the Study

Coagulation and flocculation processes are widely used in water and
wastewater treatment. Its main objective is to remove suspended colloidal particles
and to reduce turbidity in water body (Choy et al., 2014). The process usually takes
place in a chemical reactor in which the influent water or wastewater enter the basin
and it is mix with coagulant agents using a mechanical mixer. The process is
followed by sedimentation to remove the particulate through gravity settling
(Hammer and Hammer Jr., 2004). There are many types of coagulants available,
often used are the chemical-based coagulants such as alum and ferric salts
(Saharudin and Nithyanandam, 2014). However, there are also coagulants derived
from plant based materials that are rising in popularity and potentially able to replace

the use of chemical coagulants in the near future.

1.2 Problem Statement

Conventionally, coagulation process uses coagulants such as aluminium
sulphate (alum) and ferric chloride. Despite of its establishment in treating water and
wastewater, the uses of these chemical coagulants pose numerous adverse effects due
to residual coagulant present in the treated water. The residual coagulant is harmful
and can deteriorate one’s health upon long period of consumption (Choy et al.,
2014). Besides, the operational coast of a treatment using chemical coagulant is also
high due to its voluminous end sludge production that requires proper treatment
(Antov et al., 2010). Therefore, the cost of chemical coagulant for water treatment
puts a strain on developing countries. Due to these aforementioned drawbacks, it is
now crucial to shift towards the use of natural coagulant. The use of natural

coagulants in water and wastewater treatment have been commonly practiced and it



is evidenced of having environmental advantages. Reviews and current practices
indicated that moringa oleifera seeds, nirmali seeds, tannin and opuntia ficus cactus
are the most popular precursors for natural coagulants production (Yin, 2010).
Continuing efforts to diversify the choice of natural coagulants and to explore other
potential natural coagulants would be beneficial in terms of achieving the goal of

waste minimization and seeking better water and wastewater treatment approaches.

Carica papaya, commonly called as papaya has been a popular fruit
especially in tropical countries like Malaysia. In 2013, Malaysia has been ranked as
the second highest papaya fruit export globally, with an export value approximately
RM100-120 million per year (Sekeli et al, 2018). Consumption of papaya fruits
results to mass production of food wastes, particularly the discarded papaya peels
and seeds which is between 15 and 20% of its weight (Hameed, 2008). Hence,
actions need to be taken to minimize the quantity of food wastes resulted from the
consumption of papaya fruits. Papaya seeds has been studied to have high protein
content (Chandran and George, 2015). Consequently, proteins are the coagulating
agents in plant-extract coagulant (Chandran and George, 2015). However, to date
there are lack of study has been done regarding the study on potential use of carica
papaya seeds as the natural coagulant. Its chemical characteristics such as surface
chage and effeciency in removing turbidity and perform coagulation remain lacking.
Therefore, this study is carried out to explore the feasibility of carica papaya seeds-

derived natural coagulant in treating turbid water.

1.3 Objectives of the Study

The aim of this study is to investigate the potential of carica papaya seeds as a
natural coagulant in treating polluted water. Therefore, objectives of this study are as

the following below.

1. To characterize physico-chemical and morphological properties of carica

papaya seeds-derived natural coagulant.



il. To determine optimum operating conditions of pH, dosage and initial
turbidity of carica papaya seeds-derived natural coagulant and compare them

to alum in treating synthetic water.

iii.  To investigate performance efficiency of carica papaya seeds-derived natural
coagulant in treating different classes of river water with regards to the

physical, chemical and biological properties.

14 Scope of the Study

The study was conducted at Environmental Engineering Laboratory, School
of Civil Engineering, Universiti Teknologi Malaysia (UTM). In this study, the
material used as natural coagulant was carica papaya seed. Primary processing of the
crude seeds was done by mixing it with distilled water to produce carica papaya

seeds-derived natural coagulant.

Physico-chemcial and morphology characterization was done to the carica
papaya seed powder in which it went through a series of tests which are isoelectric
point, protein content, surface charge, metal content, FESEM and FTIR. Next, jar
test was done at 250 rpm rapid mixing for 3 minutes, 30 rpm slow mixing for 15
minutes and followed by 30 minutes of sedimentation time. Synthetic water using
kaolin was used for the har tests. The factors set for jar test was coagulant dosage,
initial turbidity and pH followed by responses which are turbidity removal and
coagulation activity. The factorial design for jar test was done at a two level factorial
to determine the significant impact between each variables and responses. Following
that, higher level factorial was done by response surface methodology method. The
natural coagulant was then tested its potential to treat class III, IV and V river water.
Skudai river, Melana river and Tukang Batu river was selected as those are class III,
IV and V river respectively. This test was conducted using the optimized operational

condition obtained from RSM.



1.5  Significance of the Study

Natural coagulants are biodegradable and safe for human health.
Furthermore, the sludge produced by natural coagulant are biodegradable and have
less volume than the sludge produced by chemical coagulant (Megersa et al., 2014).
Established natural coagulants such as moringa olifiera and strychnos potatorum are
derived from plant seeds as the seeds’ extract has active coagulant agent capabilities.
A thorough literature search indicates that carica papaya seeds have not been
commercially used in water treatment due to its lack of information and research.

Therefore, the significance of this study are listed as following below.

1. This study provides thorough information on the properties of carica papaya
seeds including physico-chemical such as protein content and surface charge

in addition of its morphological properties.

il. This study provides optimum operating conditions for water treatment using
carica papaya seeds-derived natural coagulant as well useful data for future

research.

1il. This study features food wastes reduction, reduce sludge volume production

as well as produce biodegradable sludge.

v. The study develops a new coagulant for water and wastewater treatment,
thus, it diversifies the spectrum of natural coagulant available for commercial

water treatment plant use.



REFERENCES

Abdel-Naeem, H.H.S. and Mohamed, H.M.H. (2016). “Improving the Physico-
Chemical and Sensory Characteristics of Camel Meat Burger Patties Using
Ginger Extract and Papain.” Meat Science, 118: 52-60.

Abidin, Z.Z., Shamsudin, N.S.M., Madehi, N. and Sobri, S. (2013). “Optimisation of
a Method to Extract the Active Coagulant Agent from Jatropha Curcas Seeds for
Use in Turbidity Removal.” Industrial Crops & Products, 41: 319-23.

Abdulkarim, S.M., Long, K., Lai, O.M., Muhammad, S.K.S. and Ghazali, H.M.
(2005). “Some Physico-Chemical Properties of Moringa Oleifera Seed Oil
Extracted Using Solvent and Aqueous Enzymatic Methods.” Food Chemistry, 93:
253-63.

Ahmad, T., Ahmad, K., Ahad, A. and Alam, M. (2016). “Characterization of Water
Treatment Sludge and Its Reuse as Coagulant.” Journal of Environmental
Management, 182: 606—11.

Akin-Osanaiye B.C., Nzelibe H.C. and Agbaji A.S. (2008). “Ethanol Production
from Carica papaya (Pawpaw) Fruit Waste.” Asian Journal of Biochemistry, 3:
188-193.

Amaglo, N.K., Bennett, R.N., Curto, R.B.L., Rosa, E.A.S., Turco, V.L., Giuffrida, A.,
Curto, A.L., Crea, F. and Timpo, G.M. (2010). “Profiling Selected
Phytochemicals and Nutrients in Different Tissues of the Multipurpose Tree
Moringa Oleifera L., Grown in Ghana.” Food Chemistry, 122 (4): 1047-54.

Anju, S. and Mophin-Kani, S. (2016). “Exploring the use of Orange Peel and Neem
Leaf Powder as Alternative.” International Journal of Scientific & Engineering
Research, 7 (4): 238-44.

Antov, M.G., S¢iban, M.B. and Petrovi¢, N.J. (2010). “Proteins from Common Bean
(Phaseolus Vulgaris) Seed as a Natural Coagulant for Potential Application in
Water Turbidity Removal.” Bioresource Technology, 101 (7): 2167-72.

Antov, M.G., S¢iban, M.B., Prodanovié, J.M., Kukié, D.V., Vasi¢, V.M., Pordevi¢,
T.R. and Milosevi¢, M.M. (2018). “Common Oak (Quercus Robur) Acorn as a
Source of Natural Coagulants for Water Turbidity Removal.” Industrial Crops
and Products, 117: 340-46.

89



Arau’jo, C.S.T., Alves, V.N., Rezende, H.C., Almeida, I.L.S., Assunc,a”o, R.M.N.,
Tarley, C.R.T., Segatelli, M.G. and Coelho, N.M.M. (2010). “Characterization
and Use of Moringa Oleifera Seeds as Biosorbent for Removing Metal lons from
Aqueous Effluents.” Water Science and Technology, 62 (9): 2198-2203.

Ashraf, S.N., Rajapakse, J., Dawes, L.A. and Millar, G.J. (2018). “Coagulants for
Removal of Turbidity and Dissolved Species from Coal Seam Gas Associated
Water.” Journal of Water Process Engineering, 26: 187-199.

Augustin, M.A, Clarke, P.T. and Craven, H. (2003). Powdered Milk / Characteristics
of Milk Powders (2nd ed). Academic Press.

Awad, M., Wang, H. and Li, F. (2013). “Weaknesses of Moringa Oleifera use in Water
Treatment.” International Journal of Current Research 5, (5): 1165-1167.

Broin, M., Santaella, C., Cuine, S., Kokou, K., Peltier, G. and Joét, T. (2002).
“Flocculent Activity of a Recombinant Protein from Moringa Oleifera Lam .
Seeds,” Appl Microbiol Biotechnol, 60: 114-19.

Bolto B. and Gregory, J. (2007). “Organic Polyelectrolytes in Water Treatment.”
Water Research, 41: 2301-24.

Camacho, F.P., Sousa, V.S., Bergamasco, R. and Teixeira, M.R. (2017). “The Use of
Moringa Oleifera as a Natural Coagulant in Surface Water Treatment.” Chemical
Engineering Journal, 313: 226-37.

Chielle, P.D., Bertuol, D.A., Meili, L., Tanabe, E.H. and Dotto, G.L. (2016). “Spouted
Bed Drying of Papaya Seeds for Oil Production.” LWT - Food Science and
Technology, 65: 852—60.

Binnie, C. and Kimber, M. (2013). Basic Water Treatment (5th ed). IWA Publishin:
London

Choy, S.Y., Prasad, K.M.N., Wu, T.Y., Raghunandan, M.E. and Ramanan, R.N.
(2014). “Utilization of Plant-Based Natural Coagulants as Future Alternatives
towards Sustainable Water Clarification.” Journal of Environmental Sciences
(China), 26 (11): 2178-89.

Choy, S.Y., Prasad, K.N., Wu, T.Y., Raghunandan, M.E. and Ramanan, R.N. (2016).
“Performance of Conventional Starches as Natural Coagulants for Turbidity
Removal.” Ecological Engineering, 94: 352-64.

Choy, S.Y., Prasad, K.N., Wu, T.Y., Raghunandan, M.E., Yang, B., Phang, S.M. and
Ramanan, R.N. (2017). “Isolation, Characterization and the Potential Use of

Starch from Jackfruit Seed Wastes as a Coagulant Aid for Treatment of Turbid

90



Water.” Environmental Science and Pollution Research, 24 (3): 2876-89.

Choy, S.Y., Prasad, K.M.N., Wu, T.Y., Raghunandan, M.E., Phang, S., Juan, J.C. and
Ramanan, R.N. (2017b). “Starch-Based Flocculant Outperformed Aluminium
Sulfate Hydrate and Polyaluminium Chloride Through Effective Bridging for
Harvesting Acicular Microalga Ankistrodesmus.” Algal Research, (29):343-353.

Duan J. and Gregory, J. (2003). “Coagulation by Hydrolysing Metal Salts.” Advances
in Colloid and Interface Science, 100-102: 475-502.

Garde, W.K., Buchberger, S.G., Wendell, D. and Kupferle, M.J. (2017). “Application
of Moringa Oleifera Seed Extract to Treat Coffee Fermentation Wastewater.”
Journal of Hazardous Materials, 329: 102-9.

Garza, N.G.G., Koyoc, J.A.C., Castillo, J.A.T., Zambrano, E.A.G., Ancona, D.B.,
Guerrero, L.C. and Garcia, S.R.S. (2017). “Biofunctional Properties of Bioactive
Peptide Fractions from Protein Isolates of Moringa Seed (Moringa Oleifera).”. J
Food Sci Technol, (13): 4268-76.

Gregory, J. (2006). Floc Formation and Floc Structure. (Volume 10). Interface
Science and Technology.

Gregory, J., and Barany, S. (2011). “Adsorption and Flocculation by Polymers and
Polymer Mixtures.” Advances in Colloid and Interface Science, 169 (1): 1-12.

Gottipati, R. and Mishra S. (2010). “Application of Biowaste (Waste Generated in
Biodiesel Plant) as an Adsorbent for the Removal of Hazardous Dye — Methylene
Blue — from Aqueous Phase.” Brazilian Journal of Chemical Engineering, 27
(02): 357-67.

Hameed, B.H. (2009). “Evaluation of Papaya Seeds as a Novel Non-Conventional
Low-Cost Adsorbent for Removal of Methylene Blue.” Journal of Hazardous
Materials, 162 (2—-3): 939-44.

Hammer, M.J. and Hammer, Jr. M.J. (2004). Water and Wastewater Technology In:
Wastewater Processing. (5th ed). Pearson Prentice Hall: Ohio.

Kakoi, B., Kaluli, J.W., Ndiba, P. and Thiong’o, G. (2016). “Banana Pith as a Natural
Coagulant for Polluted River Water.” Ecological Engineering, 95: 699—705.
Katata-seru, L., Moremedi, T., Aremu, O.S. and Bahadur, 1. (2017). “Green Synthesis
of Iron Nanoparticles Using Moringa Oleifera Extracts and Their Applications:
Removal of Nitrate From Water and Antibacterial Activity Against Escherichia
Coli.” Journal of Molecular Liquids,.(256): 296-304.

Krishnakumar, T. and Visvanathan, R. (2014). “Acrylamide in Food Products: A

91



Review.” Journal of Food Processing & Technology, 05 (07).

Kristianto, H. (2017). “The Potency of Indonesia Native Plants as Natural Coagulant:
A Mini Review.” Water Conservation Science and Engineering, (2): 51-60.
Kuki¢, D.V., S¢iban, M.B., Prodanovi¢, J.M., Tepi¢, A.N. and Vasi¢, M.A. (2015).
“Extracts of Fava Bean (Vicia Faba L.) Seeds as Natural Coagulants.” Ecological

Engineering, 84: 229-32.

Kumar, V., Othman, N. and Asharuddin, S. (2017). “Applications of Natural
Coagulants to Treat Wastewater — A Review.” MATEC Web of Conferences 103:
06016.

Kumar, R. and Ahmad, R. (2011). “Biosorption of Hazardous Crystal Violet Dye from
Aqueous Solution onto Treated Ginger Waste ( TGW ).” Desalination, 265: 112—
118.

Kurup, G.G., Adhikari, B. and Zisu, B. (2019). “Treatment Performance and Recovery
of Organic Components from High PH Dairy Wastewater Using Low-Cost
Inorganic Ferric Chloride Precipitant.” Journal of Water Process Engineering,
32: 100908.

Lin, J., Couperthwaite, S.J. and Millar, G.J. (2017). “Effectiveness of Aluminium
Based Coagulants for Pre-Treatment of Coal Seam Water.” Separation and
Purification Technology 177: 207-22.

Liu, Z., Huang, M., Li, A. and Yang, H. (2017). “Flocculation and Antimicrobial
Properties of a Cationized Starch.” Water Research, 119: 57—66.

Lyklema, J. (1995). Fundamentals of Interface and Colloid Science. (Volume 1).
Academic Press

Megersa, M., Beyene, A., Ambelu, A., Woldeab, B. (2014). “The Use Of Indigenous
Plant Species For Drinking Water Treatment in Developing Countries: A
Review.” Journal of Biodiversity and Environmental Sciences 5(3): 269-281.

Morshedi, A. and Akbarian, M. (2014) “Application of Response Surface Methodolgy:
Design of Experiments and optimization: A Mini Review.” Indian Journal of
Fundamental and Applied Life Sciences, (4): 2434-2439.

Nan, J., Yao, M., Chen, T., Li, S., Wang, Z. and Feng, G. (2016). “Breakage and
Regrowth of Flocs Formed by Sweep Coagulation Using Additional Coagulant
of Poly Aluminium Chloride and Non-lonic Polyacrylamide.” Environmental
Science and Pollution Research, (23): 16336-16348.

Ndabigengesere, A. and Narasiah K.S. (1998). “Quality of Water Treated by

92



Coagulation” Water Research 32 (3): 781-791.

Ndubisi, A.A., Power, P.P. and Abbas, T. (2013). “Moisture-Dependent Physical
Properties of Moringa Oleifera Seed Relevant in Bulk Handling and Mechanical
Processing.” Industrial Crops & Products, 42: 96-104.

Oladoja, N.A. (2015). “Headway on Natural Polymeric Coagulants in Water and
Wastewater Treatment Operations.” Journal of Water Process Engineering 6:
174-192.

Oladoja, N.A. (2016). “Advances in the Quest for Substitute for Synthetic Organic
Polyelectrolytes as Coagulant Aid in Water and Wastewater Treatment
Operations.” Sustainable Chemistry and Pharmacy, 3: 47-58.

Oladoja, N.A., Saliu, T.D., Ololade, I.A., Anthony, E.T. and Bello. G.A. (2017). “A
New Indigenous Green Option for Turbidity Removal from Aqueous System.”
Separation and Purification Technology, 186: 166-174.

Palomino, A.M., Burns, S.E. and Santamarina, J.C. (2008). “Mixtures of Fine-Grained
Minerals — Kaolinite and Carbonate Grains.” Clays and Clay Minerals, 56 (6):
599-611

Pavan, F.A, Lima, E.C., Dias, S.L.P. and Mazzocato, A.C. (2008). “Methylene Blue
Biosorption from Aqueous Solutions by Yellow Passion Fruit Waste” Journal of
Hazardous Materials, 150: 703-12.

Pavan, F.A., Camacho, E.S., Lima, E.C., Dotto, G.L., Branco, V.T.A. and Dias, S.L.P.
(2014). “Formosa Papaya Seed Powder (FPSP): Preparation, Characterization
and Application as an Alternative Adsorbent for the Removal of Crystal Violet
from Aqueous Phase.” Journal of Environmental Chemical Engineering, 2 (1):
230-38.

Peter, J.K., Kumar, Y., Pandey, P. and Masih, H. (2014). “Antibacterial Activity of
Seed and Leaf Extract of Carica Papaya Var . Pusa Dwarf Linn.” IOSR Journal
of Pharmacy and Biological Sciences, 9 (2): 29-37.

Rahamn, A.S., (2019). "Effects of Nanofibers on Properties of Geopolymer Compsites’
in Torgal, F.P., Diamanti, M.V., Nazari, A and Gor, C. (Second Edition)
Nanotechnology in Eco-efficient Construction. Cambridge: Woodhead
Publishing, 123-140.

Ravina, L., (1993); Everything You Need to Know About Coagulation and
Flocculation (4th ed) .Zeta Meter .Inc.Virginia USA

Saharudin, N.F.A. and Nithyanandam, R. (2014). “Wastewater Treatment by Using

93



Natural Coagulant.” 2nd Eureca, 2-3.

Sahoo, P. and Barman, T.K. (2012)." ANN Modelling of Frctal Dimension in
Machining’ in Davim, J.P. Mechatronics and Manufacturing Engineering.
Cambridge: Woodhead Publishing, 159-226.

Sekeli, R., Hamid, M.H., Razak, R.A., Wee, C. and Ong-Abdullah, J. (2018).
“Malaysian Carica Papaya L. Var. Eksotika: Current Research Strategies
Fronting Challenges.” Frontiers in Plant Science, 9:1380.

Shamsnejati, S., Chaibakhsh, N., Pendashteh, A.R. and Hayeripour, S. (2015).
“Mucilaginous Seed of Ocimum Basilicum as a Natural Coagulant for Textile
Wastewater Treatment.” Industrial Crops and Products, 69: 40-47.

Swati, M. and Govindan, V.S. (2005). “Coagulation studies on natural seed extracts.”
Journal of Indian Water Works Assoc 37(2):145-149.

Teh, C.Y.,, Wu, T.Y. and Juan, J.C. (2014). “Optimization of Agro-Industrial
Wastewater Treatment Using Unmodified Rice Starch as a Natural Coagulant.”
Industrial Crops and Products, 56: 17-26.

Theodoro, J.D.P., Lenz, G.F., Zara, R.F. and Bergamasco, R. (2013). “Coagulants and
Natural Polymers: Perspectives for the Treatment of Water.” Plastic and
Polymer Technology (PAPT), 2 (3): 55-62.

Tripathy, T. and De, B.R. (2006). “Flocculation: A New Way to Treat the Waste
Water” Journal of Physical Sciences, 10: 93-127.

Vara, S. (2012). “Screening and Evaluation of Innate Coagulants for Water Treatment:
A Sustainable Approach.” International Journal of Energy and Environmental
Engineering, 3 (1): 1-11.

Wu, B. (2013). Reliability Analysis of Dynamic Systems. Waltham: Academic Press,
25-41.

Wu, W., Palmarin, M.J. and Young, S. (2018). “Poly ( Dimethylamine-Co-
Epichlorohydrin ) as an Alternative to Alum for the Demulsifi Cation of
Commercial Dishwasher Wastewater.” Separation and Purification Technology,
195: 281-87.

Yin, C.H. (2010). “Emerging Usage of Plant-based Coagulants for Water and
Wastewater Treatment.” Process Biochemistry 45: 1437-1444.

Yongabi, K.A., Lewis, D.M. and Harris, P.L. (2011). “Indigenous Plant Based
Coagulants/Disinfectants and Sand Filter Media for Surface Water Treatment in

Bamenda, Cameroon.” African Journal of Biotechnology, 10 (43): 8625-29.
94



Zhang, J., Zhang, F., Luo, Y. and Yang, H. (2006). “A Preliminary Study on Cactus
as Coagulant in Water Treatment.” Process Biochemistry, 41 (3): 730-33.

Zhao, X,. and Zhang, Y. (2011). “Algae-Removing and Algicidal Efficiencies of
Polydiallyldimethylammonium Chloride Composite Coagulants in Enhanced
Coagulation Treatment of Algae-Containing Raw Water.” Chemical Engineering
Journal, 173: 164-170.

95



LIST OF PUBLICATIONS

Indexed Journal
1. Amran, A.H., Zaidi, N.S., Muda, K. and Loan, L.W. (2018) "Effectiveness of
Natural Coagulant in Coagulation Process: A Review."

International Journal of Engineering & Technology, 7 (3.9): 43-37

96



