View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by UMP Institutional Repository

MORINGA OLEIFERA SEED DERIVATIVES
AS NATURAL BIO-COAGULANTS IN WATER
TREATMENT PROCESS

AZIZ QANNAF AZIZ ZAID

MASTER OF SCIENCE

UNIVERSITI MALAYSIA PAHANG


https://core.ac.uk/display/403192658?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

W Universiti
Malaysia
PAHANG

Troinantrg ¢ Techon ogy ¢ Doy

SUPERVISOR’S DECLARATION

We hereby declare that we have checked this thesis and in my opinion, this thesis is

adequate in terms of scope and quality for the award of the degree of Master of Science.

(Supervisor’s Signature)
Full Name : DR. SURIATI BINTI GHAZALI
Position
Date

(Co-supervisor’s Signature)
Full Name : DR. NOOR SABRINA BINTI AHMAD MUTAMIM
Position



B Universiti
Malaysia
PAHANG

Croinanrrg * Trchor oy ¢ Cwarhi

STUDENT’S DECLARATION

| hereby declare that the work in this thesis is based on my original work except for
quotations and citations which have been duly acknowledged. I also declare that it has
not been previously or concurrently submitted for any other degree at Universiti Malaysia

Pahang or any other institutions.

(Student’s Signature)
Full Name : AZIZ QANNAF AZIZ ZAID
ID Number : MKC17026
Date



MORINGA OLEIFERA SEED DERIVATIVES AS NATURAL
BIO-COAGULANTS IN WATER TREATMENT PROCESS

AZIZ QANNAF AZIZ ZAID

Thesis submitted in fulfillment of the requirements
for the award of the degree of
Master of Science

Faculty of Chemical and Process Engineering Technology

UNIVERSITI MALAYSIA PAHANG

FEBRUARY 2020



ACKNOWLEDGEMENTS

All my thanks and gratitude goes to God for His protection and guidance in the course of
this research work. I also acknowledge tremendous support is received from my able
supervisor Dr. Suriati Binti Ghazali. | equally appreciate all the technical staffs at the
Faculty of Chemical and Natural Resources Engineering for their incredible contributions
during the period of my research. My thanks go to my parents and siblings for their
financial support and prayers. | am much indebted to you for all your supports; May Allah
grants you long life and blessings. Lastly, | appreciated my entire lab mate and all my
colleagues who stood by me and assisted me, you will never lose your reward. | thank
them all.



ABSTRAK

Air sungai di banyak tempat dalam dunia ini digunakan untuk tujuan minuman selepas
menjalani beberapa rawatan. Akibatnya, kekeruhan dalam air yang tidak dirawat secara
konvensional dikeluarkan dengan merawat air melalui bahan kimia mahal, yang
kebanyakannya tidak mesra alam. Malah, dengan menggunakan bahan-bahan kimia
dalam rawatan air mempunyai kesan negatif kepada kesihatan manusia. Oleh itu, terdapat
keperluan untuk menggunakan bahan semula jadi sebagai alternatif untuk menggantikan
bahan kimia. Moringa oleifera adalah tumbuhan komoditi penting yang telah digunakan
untuk rawatan air di bahagian tropika di dunia. Dalam kajian ini, potensi benih oleifera
Moringa sebagai bio-koagulan untuk rawatan air telah disiasat pada keadaan optimum.
Eksperimen ini dijalankan dalam dua peringkat, kaedah yang pertama telah digunakan
untuk menentukan saiz zarah terbaik dan jumlah Moringa oleifera benih serbuk (MOSP)
untuk rawatan air. la adalah diperhatikan bahawa saiz zarah 2 mm prestasi yang lebih
baik dari segi kecekapan kekeruhan penyingkiran 4.98 NTU, dengan 0.1 g. Tambahan
pula, kaedah MOSP kedua diletakkan dalam pengekstrakan bidal untuk mengeluarkan
minyak dari benih dan dihasilkan MOCR digunakan sebagai koagulan biologi dalam
rawatan air. Kaedah gerak balas permukaan telah digunakan untuk menentukan kesan
parametrik mencampurkan kelajuan, masa dan dos pada kekeruhan sisa. Ketiga-tiga
faktor, seperti kelajuan yang rendah, masa kelajuan rendah dan dos disiasat menggunakan
Metodologi Response Surface (RSM) untuk optimum penyingkiran kekeruhan air.
Keputusan yang diperolehi daripada reka bentuk eksperimen menunjukkan keadaan
optimum pada kelajuan yang rendah, masa kelajuan rendah dan dos 40 rpm, 60 min, dan
0.75 mg/ L, masing-masing. Dalam siasatan ini meramalkan (teori) sisa kekeruhan adalah
4.73 NTU. Hasil daripada ANOVA untuk pengoptimuman kekeruhan sisa menunjukkan
bahawa model kuadratik adalah signifikan pada tahap keyakinan 95% (p <0.05).
Perbezaan antara kekeruhan teori dan eksperimen menunjukkan bahawa tiada perbezaan
signifikan dengan ralat peratusan 1.6913%. Kualiti air yang dirawat telah ditentukan pada
keadaan optimum menggunakan ujian kualitatif. Hasil penentuan kualiti air menunjukkan
bahawa kekeruhan, kekonduksian, TDS, COD dan BOD dengan masing-masing
menunjukkan peratusan sebanyak 99%, 73%, 50%, 75% dan 28%. Akhirnya, keputusan
yang diperolehi menunjukkan potensi Moringa oleifera sebagai koagulan semula jadi
dalam rawatan berkesan air untuk tujuan minum. Kekeruhan yang lebih rendah (<5 NTU)
yang dicapai daripada kajian ini mengesahkan penggunaan produk semulajadi yang mesra
alam yang penting ini untuk rawatan air.



ABSTRACT

River water in many parts of the world used for drinking purpose after some treatments.
Consequently, the turbidity in untreated water is often conventionally removed by treating
the water with expensive chemicals, many of which are not environmentally friendly. In
fact, using chemicals materials in water treatments have some negative effects to human
health. Therefore, there is a need to use some natural materials as an alternative to replace
chemicals. Moringa oleifera is an important commodity plants which has been used for
the treatment of water in tropical part of the world. In this study, the potential of Moringa
oleifera seeds as bio-coagulant for water treatment were investigated at optimum
condition. The experiment was conducted in two stages, the first method of was employed
to determine which of the best particle sizes and amount of Moringa oleifera seeds
powder (MOSP) for water treatment. It was observed that the 2 mm particle size
performed better in terms of turbidity removal efficiency 4.98NTU, with 0.1 g.
Furthermore, the second method MOSP was placed in extraction thimble to remove the
oil from the seeds and produced MOCR used as bio- coagulant in water treatment.
Response surface methodology was applied to determine the parametric effects of mixing
speed, time and dosage on the residual turbidity. The three independent factors, such as
Low speed, Low speed time and dosage were optimized using the Response Surface
Methodology (RSM) for optimal water turbidity removal. The results obtained from
experimental design demonstrated the optimum condition at low speed, low speed time
and dosage as 40 rpm, 60 min, and 0.75 mg/L, respectively. Under this condition the
predicted (theoretical) residual turbidity was 4.73 NTU. The result of the ANOVA for the
optimization of the residual turbidity showed that the quadratic model was significant at
95% confidence level (p<0.05). The difference between the theoretical and experimental
turbidity showed that no significant variation with a percentage error value of 1.6913 %.
The quality of the treated water was determined at optimum condition using qualitative
tests. The result of the water quality determination revealed that turbidity, conductivity,
TDS, COD and BOD with corresponding percentage changes of 99 %, 73 %, 50 %, 75 %
and 28 %, respectively. Finally, the result obtained therefore showed the potential of
Moringa oleifera as natural coagulants in the effective treatment of water for drinking
purpose. The lower turbidity (<5 NTU) achieved from this study confirmed the potential
of this important eco-friendly natural product for the treatment of water.



TABLE OF CONTENT

DECLARATION

TITLE PAGE

ACKNOWLEDGEMENTS

ABSTRAK

ABSTRACT

TABLE OF CONTENT

LIST OF TABLES

LIST OF FIGURES

CHAPTER 1 INTRODUCTION

11

1.2

1.3

1.4

1.5

Introduction
Problem Statement
Research Objectives
Research Scopes

Significance of Research

CHAPTER 2 LITERATURE REVIEW

2.1

2.2

2.3

2.4

Introduction

Water Treatment

Coagulation — flocculation in water and wastewater treatment
2.3.1 Mechanism of Coagulation Process

2.3.2 Types of Coagulants

Moringa oleifera

2.4.1 Application of Moringa Oleifera Seeds in Water Treatment

2.4.2 Moringa Oleifera Seeds Oil Extraction

10

16

22



2.5

2.6

2.4.3 Active Component Extraction from (MOCR).
Optimization of coagulation using RSM

Water Quality

2.6.1 Turbidity

2.6.2 Biological Oxygen Demand (BOD)

2.6.3 Chemical Oxygen Demand (COD)

2.6.4 pH

2.6.5 Conductivity and Total Dissolved Solids (TDS)

2.6.6 Overall Water Quality Performance

CHAPTER 3 MATERIALS AND METHODOLOGY

3.1

3.2

3.3

3.4

3.5

3.6

Introduction
Sample Preparation
3.2.1 Moringa oleifera Seeds Powder (MOSP)

3.2.2  Preparation of Moringa oleifera Cake Residue (MOCR) through

extraction process
3.2.3 Salt extraction
Water sample Collection
Design of Experiment to optimize the study
Jar Test
Water Quality Analysis
3.6.1 Turbidity Measurement
3.6.2 Chemical Oxygen Demand (COD) Measurement
3.6.3 Biochemical Oxygen Demand (BOD) Measurement

3.6.4 pH, Conductivity and Total Dissolved Solid Measurement

Vi

23

23

24

24

25

26

26

27

28

30

30

32

32

34

35

36

36

37

37

37

38

40

40



CHAPTER 4 RESULTS AND DISCUSSION

4.1

4.2

4.3

4.4

4.5

4.6

4.7

Introduction

Characterizations of Belat River water
Determination MOSP for Water Treatment
4.3.1 Turbidity

432 pH

4.3.3 Conductivity

4.3.4 TDS Measurement

4.3.5 COD Measurement

43.6 BOD Measurement

Moringa oleifera Cake Recovery (MOCR)

Optimization Study of Operating Parameters in Water Treatment Using
(RSM).

Model Fitting and Analysis of Variance

4.6.1 Validation of Predictive Model

4.6.2 The Effects of Variables on the Optimal Settings
Quality Analysis of Treated Water

4.7.1 pH Measurement

4.7.2 Total Dissolved Solid (TDS)

4.7.3 Conductivity

4.7.4 COD Measurement

475 BOD Measurement

4.7.6 Summary of Water Quality Analysis

CHAPTER 5 CONCLUSION AND RECOMMENDATION

5.1

5.2

Overall Conclusions

Recommendation

vii

42

42

42

43

43

44

45

46

47

48

49

50

51

53

55

56

56

57

58

59

60

62

63

63

64



REFERENCES

APPENDICES

APPENDIX A RESULTS OF QUALITY CHARACTERISTICS
MEASUREMENT (MOSP)

APPENDIX B RESULTS OF QUALITY CHARACTERISTICS
MEASUREMENT (MO BIO-COAGULANT)

viii

65

75

75

78



LIST OF TABLES

Table 2.1 Advantages and disadvantages of some methods for water treatment 8
Table 2.2 Uses of various part from Moringa oleifera 17
Table 2.3 Summary of previous research on Moringa oleifera and their
significant information and results. 19
Table 2.4 Percentages of Oil Extracted with Three Different Solvents 22
Table 2.5 Ministry of Health Malaysia (2014) 28
Table 2.6 National Water Quality Standards for Malaysia (WEPA, 2017) 28
Table 2.7 National Water Quality Classes for Malaysia (WEPA, 2017) 29
Table 3.1 Coded and actual design range 37
Table 4.1 Summary of result for water quality characteristics 42
Table 4.2 Design range, experimental design and results obtained from
optimization 51
Table 4.3 Analysis of variance for response surface quadratic model 52
Table 4.4 Theoretical optimal conditions 54
Table 4.5 Validation of experimental best condition 54

Table 4.6 Summary of result for water quality characteristics Using Moringa
oleifera bio-coagulant 62



Figure 2-1
Figure 2-2
Figure 2-3
Figure 2-4
Figure 2-5
Figure 2-6
Figure 2-7
Figure 2-8
Figure 3-1
Figure 3-2
Figure 3-3
Figure 3-4
Figure 3-5

Figure 3-6
Figure 3-7
Figure 3-8
Figure 3-9
Figure 3-10
Figure 3-11
Figure 3-12
Figure 3-13
Figure 3-14
Figure 4-1
Figure 4-2
Figure 4-3
Figure 4-4
Figure 4-5
Figure 4-6
Figure 4-7

Figure 4-8
Figure 4-9
Figure 4-10

LIST OF FIGURES

Drinking water treatment plant
Parkinsonia aculeate

Cicer arietinum and Dolichos lablab
Cassia alata Leaves

Peanut seeds

Jatropha curcas seeds

Moringa oleifera Pods and Seeds
pH Value Range

Process Flow Chart of Experiment
Undehusk MO seeds and Dehusk MO seeds
Domestic grinder to grinding MO
Electronic sieve shaker

MOSP after sieved and packed into clean, polythene bags and
sealed

Soxhlet Extractor

Salt extraction

River water sample collection

Paddle Jar Test Apparatus

Digital turbidity meter (TB-500G) and (DTC-4DG)
COD rack and COD reactor HACH DRB200
HACH spectrophotometer DR2800

Manual Calibration for pH before measurement
pH measurement for the mixture

Turbidity removal of water treated with MOSP
pH values for water treated with MOSP

Water conductivity treated with MOSP

TDS of water treated with MOSP

COD of water treated with MOSP

BOD of water treated with MOSP

The interaction plot (a) low speed and low speed mixing time
(b) Dosage and low speed (c) Dosage and low speed time

pH Values after Treatment
TDS Values after Treatment
Conductivity Values after Treatment

12
13
14
15
16
17
27
31
32
33
33

33
34
35
36
37
38
39
39
41
41
43
45
46
47
48
49

53
57
58
59



Figure 4-11
Figure 4-12

COD Values after Treatment
BOD Values after Treatment

Xi

60
61



REFERENCES

Abdalla, Elsadig Eshag, Yousif Ali Yousif, and Ibnaof Ali Ibnaof. "Comparative study
between Aluminium sulphate and Moringa Oleifera seeds as coagulants in
drinking water treatment.” University Of Khartoum Engineering Journal 8, no. 1
(2018).

Abiola, O. N. (2019). Polymers for Coagulation and Flocculation in Water Treatment. In
Polymeric Materials for Clean Water (pp. 77-92). Springer, Cham.

Adeniran, K. A., Akpenpuun, T. D., Akinyemi, B. A.,, & Wasiu, R. A. (2017).
Effectiveness of Moringa oleifera seed as a coagulant in domestic wastewater
treatment. African Journal of Science, Technology, Innovation and Development,
9(3), 323-328

Ahmad, T., Ahmad, K., & Alam, M. (2016). Sustainable management of water treatment
sludge through 3 ‘R’concept. Journal of Cleaner Production, 124, 1-13.

Alfarra, R.S., Ali, E.N. and Yusoff, M.M. (2014). Removal of Heavy Metals by Natural
Adsorbent. International Journal of Biosciences, 4(7), 130-139.

Ali, Eman N., Sabreen R. Alfarra, Mashita Mohd Yusoff, and Md Lutfor Rahman.
"Environmentally friendly biosorbent from Moringa oleifera leaves for water
treatment.” International Journal of Environmental Science and Development 6,
no. 3 (2015): 165.

Ali, E. N., Muyibi, S. A., Alam, M. Z., & Salleh, H. M. (2012, September). Optimization
of water treatment parameters using processed Moringa oleifera as a natural
coagulant for low turbidity water. In Statistics in Science, Business, and
Engineering (ICSSBE), 2012 International Conference on (pp. 1-6). IEEE.

Ali, E. N., Muyibi, S. A., Salleh, H. M., Alam, M. Z., & Salleh, M. R. M. (2010).
Production of natural coagulant from Moringa oleifera seed for application in
treatment of low turbidity water. Journal of Water Resource and Protection, 2(03),
259.

Ali, E. N., Muyibi, S. A,, Salleh, H. M., Salleh, M. R. M., & Alam, M. Z. (2009). Moringa
oleifera seeds as natural coagulant for water treatment. In Thirteenth International
Water Technology Conference, IWTC (Vol. 13, No. 2009, pp. 163-168).

Al-Kalifawi, E. J. (2016). Purification of the Tigris River water using seeds extract of Al-
Ruwag tree (Moringa oleifera Lamarck) cultivated in Irag. Magazine of Al-Kufa
University for Biology, (Special Second International Scientific Conference for
the Life Sciences), 14-22.

Al-Mamun, A., & Zainuddin, Z. (2013). Sustainable river water quality management in
Malaysia. IlUM Engineering Journal, 14(1).

65



Anjorin, T. S., lkokoh, P., & Okolo, S. (2010). Mineral composition of Moringa oleifera
leaves, pods and seeds from two regions in Abuja, Nigeria. International Journal
of Agriculture and Biology, 12(3), 431-434.

Anwar, F., Latif, S., Ashraf, M. and Gilani, A.H. (2007). Moringa oleifera: A Food Plant
with Multiple Medicinal Uses. Phytotherapy Research, 21, 17-25.

Anwar, F., & Rashid, U. (2007). Physico-chemical characteristics of Moringa oleifera
seeds and seed oil from a wild provenance of Pakistan. Pak. J. Bot, 39(5), 1443-
1453.

Amagloh, F. K., & Benang, A. (2009). Effectiveness of Moringa oleifera seed as
coagulant for water purification. African Journal of Agricultural Research, 4(2),
119-123.

Arnoldsson, E., Bergman, M., & Matsinhe, N. (2008). Assessment of drinking water bark
extracts of Moringa oleifera in reducing bacterial load in water. Int J Adv Res, 4,
124-130.

Baskan, M. B., & Pala, A. (2010). A statistical experiment design approach for arsenic
removal by coagulation process using aluminum sulfate. Desalination, 254(1-3),
42-48.

Batool, A., Ziaf, K., & Amjad, M. (2015). Effect of halo-priming on germination and
vigor index of cabbage (Brassica oleracea var. capitata). Journal of Environmental
and Agricultural Sciences, 2(7), 8pp.

Bezerra, M. A., Santelli, R. E., Oliveira, E. P., Villar, L. S., & Escaleira, L. A. (2008).
Response surface methodology (RSM) as a tool for optimization in analytical
chemistry. Talanta, 76(5), 965-977.

Birima, A. H., Hammad, H. A., Desa, M. N. M., & Muda, Z. C. (2013). Extraction of
natural coagulant from peanut seeds for treatment of turbid water. In 10P
Conference Series: Earth and Environmental Science (Vol. 16, No. 1, p. 012065).
IOP Publishing.

Bodlund, I. (2013). Coagulant protein from plant materials: Potential water treatment
agent (Doctoral dissertation, KTH Royal Institute of Technology).

Bookter, A. (2009). Water Quality Trends in the Entiat River Sub-basin: 2007-2008 (Vol.
563). DIANE Publishing.

Bratby, J. (2016). Coagulation and flocculation in water and wastewater treatment. IWA
publishing.

Brunet, A., Tardin, C., Salome, L., Rousseau, P., Destainville, N., & Manghi, M. (2015).
Dependence of DNA persistence length on ionic strength of solutions with
monovalent and divalent salts: a joint theory—experiment study. Macromolecules,
48(11), 3641-3652.

66



Brusseau, M. L., & Artiola, J. F. (2019). Chemical contaminants. In Environmental and
pollution science (pp. 175-190). Academic Press.

Byrne, M. D. (2013, July). How many times should a stochastic model be run? An
approach based on confidence intervals. In Proceedings of the 12th International
conference on cognitive modeling, Ottawa.

Chamarro, E., Marco, A., & Esplugas, S. (2001). Use of Fenton reagent to improve
organic chemical biodegradability. Water research, 35(4), 1047-1051.

Chattoraj, S., Mondal, N. K., & Sen, K. (2018). Removal of carbaryl insecticide from
aqueous solution using eggshell powder: a modeling study. Applied Water
Science, 8(6), 163.

Chen, J., Liu, S., Qi, X,, Yan, S., & Guo, Q. (2018). Study and design on chemical oxygen
demand measurement based on ultraviolet absorption. Sensors and Actuators B:
Chemical, 254, 778-784.

Chen, S., Yuan, Z., Hanigan, D., Westerhoff, P., Zhao, H., & Ni, J. (2018). Coagulation
behaviors of new covalently bound hybrid coagulants (CBHyC) in surface water
treatment. Separation and Purification Technology, 192, 322-328.

Cheremisinoff, N. P. (2001). Handbook of water and wastewater treatment technologies.
Butterworth-Heinemann.

Chew, C. M., Aroua, M. K., Hussain, M. A., & Ismail, W. M. Z. W. (2016). Evaluation
of ultrafiltration and conventional water treatment systems for sustainable
development: an industrial scale case study. Journal of cleaner production, 112,
3152-3163.

Choi, Y., Yang, T. D., Fang-Yen, C., Kang, P., Lee, K. J., Dasari, R & Choi, W. (2011).
Overcoming the diffraction limit using multiple light scattering in a highly
disordered medium. Physical review letters, 107(2), 023902.

Choy, S. P. (2015). A review on common vegetables and legumes as promising plant-
based natural coagulants in water clarification. International Journal of
Environmental Science and Technology, 12 (1), 367-390.

Chupin, L., Maunu, S. L., Reynaud, S., Pizzi, a, Charrier, B., & Bouhtoury, F. C.-E.
(2015). Microwave assisted extraction of maritime pine (Pinus pinaster) bark:
Impact of particle size and characterization. Industrial Crops and Products, 65(1),
142-149.

Da Porto, C., Decorti, D., & Natolino, A. (2016). Microwave pretreatment of Moringa
oleifera seed: effect on oil obtained by pilot-scale supercritical carbon dioxide
extraction and Soxhlet apparatus. The Journal of Supercritical Fluids, 107, 38-43.

Dehghani, M., & Alizadeh, M. H. (2016). The effects of the natural coagulant Moringa

oleifera and alum in wastewater treatment at the Bandar Abbas Oil Refinery.
Environmental Health Engineering and Management Journal, 3(4), 225-230.

67



Delzer, G. C., & McKenzie, S. W. (2003). Five-day biochemical oxygen demand. US
Geological Survey Techniques of Water-Resources Investigations, 3.

Demirbas, E., & Kobya, M. (2017). Operating cost and treatment of metalworking fluid
wastewater by chemical coagulation and electrocoagulation processes. Process
Safety and Environmental Protection, 105, 79-90.

Dhanorkar, S., & Kamra, A. K. (2001). Effect of coagulation on the particle charge
distribution and air conductivity. Journal of Geophysical Research: Atmospheres,
106(D11), 12055-12065.

Eman, N. A,, Tan, C. S., & Makky, E. A. (2014). Impact of Moringa oleifera cake residue
application on waste water treatment: a case study. Journal of Water Resource and
Protection, 6(7), 677.

Emmanuel, S. A., Zaku, S. G., Adedirin, S. O., Tafida, M., & Thomas, S. A. (2011).
Moringa oleifera seed-cake, alternative biodegradable and biocompatibility
organic fertilizer for modern farming. Magnesium, 203, 0-08.

Farah, N., & Torell, G. (2018). Defensive Investment in Municipal Water Hardness
Reduction. Available at SSRN 3279633.

Farooq, U., Kozinski, J. A., Khan, M. A., & Athar, M. (2010). Biosorption of heavy metal
ions using wheat based biosorbents—a review of the recent literature. Bioresource
technology, 101(14), 5043-5053.

Fletcher, S. M., Stark, D., Harkness, J., & Ellis, J. (2012). Enteric protozoa in the
developed world: a public health perspective. Clinical microbiology reviews,
25(3), 420-449.

Foidl, N., Makkar, H. P. S., & Becker, K. (2001). The potential of Moringa oleifera for
agricultural and industrial uses. The miracle tree: The multiple attributes of
Moringa, 45-76.

Fu, F., & Wang, Q. (2011). Removal of heavy metal ions from wastewaters: a review.
Journal of environmental management, 92(3), 407-418.

Gelda, R. K., Effler, S. W., Peng, F., Owens, E. M., & Pierson, D. C. (2009). Turbidity
model for ashokan reservoir, New York: case study. Journal of Environmental
Engineering, 135(9), 885-895.

Ghaly, A. E., Ananthashankar, R., Alhattab, M. V. V. R., & Ramakrishnan, V. V. (2014).
Production, characterization and treatment of textile effluents: a critical review. J
Chem Eng Process Technol, 5(1), 1-19.

Goudeli, E., Eggersdorfer, M. L., & Pratsinis, S. E. (2015). Coagulation—Agglomeration

of fractal-like particles: Structure and self-preserving size distribution. Langmuir,
31(4), 1320-1327.

68



Green, D. A., Browning, G. A., & Schaeffer, D. L. (2018). U.S. Patent Application No.
15/433,652.

Harisha, R. S., Hosamani, K. M., Keri, R. S., Nataraj, S. K., & Aminabhavi, T. M. (2010).
Arsenic removal from drinking water using thin film composite nanofiltration
membrane. Desalination, 252(1-3), 75-80

Hendrawati, Yuliastri, I. R., Nurhasni, Rohaeti, E., Effendi, H., & Darusman, L. K.
(2016). The use of Moringa Oleifera Seed Powder as Coagulant to Improve the
Quality of Wastewater and Ground Water. I0P Conference Series: Earth and
Environmental Science, 31, 12033.

Hicks, B. M., South, S. C., DiRago, A. C., lacono, W. G., & McGue, M. (2009).
Environmental adversity and increasing genetic risk for externalizing disorders.
Archives of general psychiatry, 66(6), 640-648.

Hoa, N. T., & Hue, C. T. (2018). Enhanced water treatment by Moringa oleifera seeds
extract as the bio-coagulant: role of the extraction method. Journal of Water
Supply: Research and Technology-Aqua, 67(7), 634-647

Hooda, P. S., Edwards, A. C., Anderson, H. A., & Miller, A. (2000). A review of water
quality concerns in livestock farming areas. Science of the Total Environment,
250(1-3), 143-167.

Idris, M. A., Jami, M. S., Hammed, A. M., & Jamal, P. (2016). Moringa oleifera seed
extract: A review on its environmental applications. Int. J. Appl. Environ. Sci, 11,
1469-1486.

Ikonomopoulou, M. P., Olszowy, H., Limpus, C., Francis, R., & Whittier, J. (2011). Trace
element concentrations in nesting flatback turtles (Natator depressus) from Curtis
Island, Queensland, Australia. Marine Environmental Research, 71(1), 10-16.

Ju, J,, Liu, R, He, Z., Liu, H., Zhang, X., & Qu, J. (2016). Utilization of aluminum
hydroxide waste generated in fluoride adsorption and coagulation processes for
adsorptive removal of cadmium ion. Frontiers of Environmental Science &
Engineering, 10(3), 467-476.

Kalibbala, H. M. (2007). Application of indigenous materials in drinking water treatment
(Doctoral dissertation, KTH Royal Institute of Technology).

Karri, V. R., Samiwala, M., & Kothapalli, L. (2016). Effect of powdered Moringa oleifera
seeds on the characteristics of surface water. Indian Journal of Applied Research,
8.

Kasmawati, M. L. (2007). Methods of Analysis for Water and Wastewater. UiTM, Shah
Alam.

Kemp, P., Sear, D., Collins, A., Naden, P., & Jones, I. (2011). The impacts of fine
sediment on riverine fish. Hydrological Processes, 25(11), 1800-1821.

69



Kim, B. H., Chang, I. S., Gil, G. C., Park, H. S., & Kim, H. J. (2003). Novel BOD
(biological oxygen demand) sensor using mediator-less microbial fuel cell.
Biotechnology letters, 25(7), 541-545.

Lachin, K., Le Sauze, N., Raimondi, N. D. M., Aubin, J., Cabassud, M., & Gourdon, C.
(2019). Estimation of characteristic coagulation time based on brownian
coagulation theory and stabilty ratio modeling using electrokinetic measurements.
Chemical Engineering Journal.

Latifah, H. E. R. H. E., & Darusman, K. (2015). Characterization of Physico-Chemical
Properties of Nano-Sized Moringa oleifera Seed Powder and Its Application as
Natural Coagulant in Water Purification Process. 5 (21), 19-26.

Lawrence, M. B., Joseph, J., Phondekar, K., & Moodi, K. (2019). DC conductivity
behaviour of poly (vinyl alcohol)-based ferrogels: role of borax and carbonyl iron.
Polymer Bulletin, 1-15.

Levallois, P., & Villanueva, C. M. (2019). Drinking Water Quality and Human Health:
An Editorial.

Nasirian, M. (2007). A new water quality index for environmental contamination
contributed by mineral processing: a case study of Amang (Tin Tailing)
processing activity. Journal of applied sciences, 7(20), 2977-2987.

Neethu, B., & Ghangrekar, M. M. (2017). Electricity generation through a photo sediment
microbial fuel cell using algae at the cathode. Water Science and Technology,
76(12), 3269-3277.

Nordmark, B. A., Bechtel, T. M., Riley, J. K., Velegol, D., Velegol, S. B., Przybycien, T.
M., & Tilton, R. D. (2018). Moringa oleifera seed protein adsorption to silica:
Effects of water hardness, fractionation, and fatty acid extraction. Langmuir,
34(16), 4852-4860.

Nouhi, S., Kwaambwa, H. M., Gutfreund, P., & Rennie, A. R. (2018). Comparative study
of flocculation and adsorption behavior of Moringa peregrina and Moringa
oleifera seed proteins for water treatment.

Nouman, Wasif, Shahzad Magsood Ahmed Basra, Muhammad Tahir Siddiqui, Azra
Yasmeen, Tehseen Gull, and Maria Angelica Cervantes Alcayde. "Potential of
Moringa oleifera L. as livestock fodder crop: a review." Turkish Journal of
Agriculture and Forestry 38, no. 1 (2014): 1-14.

Madzvamuse, A. (2015). A Study of The Removal of Pb, Cd, and Cr Heavy Metals from
Aqueous Solutions by Moringa oleifera Seeds in Comparison to Carbonized
Moringa oleifera Seeds. University of Zimbabwe, 1-59.

Maizuwo, A. I., Hassan, A. S., Momoh, H., & Muhammad, J. A. (2017). Phytochemical
constituents, biological activities, therapeutic potentials and nutritional values of
Moringa oleifera (Zogale): a review. Journal of drug design and medicinal
chemistry, 3(4), 60.

70



McConnachie, G. L., Folkard, G. K., Mtawali, M. A., & Sutherland, J. P. (1999). Field
trials of appropriate hydraulic flocculation processesl. Water Research, 33(6),
1425-1434.

Menezes, J. C. C. C,, Colling, A. V., Silva, R. A. S., Dos Santos, R. H., & Scheneider, I.
A. H. (2017). Ferric Sulphate Coagulant Obtained by Leaching from Coal
Tailings. Mine Water and the Environment, 36(3), 457-460.

Miraji. H. (2014). Performance Comparison between Moringa Oleifera and Alum in
Water and Wastewater Treatment: A Non-synergic approach. International
Journal of Current Research, 9198-9200.

Monmaturapoj, N. (2017). Nano-size hydroxyapatite powders preparation by wet-
chemical precipitation route. Journal of Metals, Materials and Minerals, 18(1).

Ogunsina, B. S., Indira, T. N., Bhatnagar, A. S., Radha, C., Debnath, S., & Krishna, A.
G. (2014). Quality characteristics and stability of Moringa oleifera seed oil of
Indian origin. Journal of food science and technology, 51(3), 503-510.

Okuda, T., Baes, A. U., Nishijima, W., & Okada, M. (1999). Improvement of extraction
method of coagulation active components from Moringa oleifera seed. Water
research, 33(15), 3373-3378.

Onoji, S. E., lyuke, S. E., Igbafe, A. I., & Nkazi, D. B. (2016). Rubber seed oil: A potential
renewable source of biodiesel for sustainable development in sub-Saharan Africa.
Energy conversion and management, 110, 125-134.

Oram B. (2014). The pH of Water. Retrieved from Water Research Centre:
http://www.water-research.net/index.php/ph.

Patil, A., DasGupta, A., & Eriksson, A. (2015). Contact mechanics of a circular
membrane inflated against a deformable substrate. International Journal of Solids
and Structures, 67, 250-262.

Paula, H.M., Oliveira llha, M.S. and Andrade, L.S. (2014). Concrete Plant Wastewater
Treatment Process by Coagulation Combining Aluminum Sulfate and Moringa
oleifera Powder. Journal of Cleaner Production, 76, 125-130.

Peng, Tey Nai, and Lai Siow Li. "POPULATION GROWTH AND DISTRIBUTION IN
MALAYSIA." Kuala Lumpur, Malaysia 2019 (2019): 32.

Pontual, E. V., de Lima Santos, N. D., de Moura, M. C., Coelho, L. C. B. B., Navarro, D.
M. D. A. F., Napoledo, T. H., & Paiva, P. M. G. (2014). Trypsin inhibitor from
Moringa oleifera flowers interferes with survival and development of Aedes
aegypti larvae and kills bacteria inhabitant of larvae midgut. Parasitology
research, 113(2), 727-733.

Prasad, S.V.M. and Rao, B.S. (2016). Influence of Plant-Based Coagulants in Waste

Water Treatment. International Journal of Latest Technology in Engineering,
Management & Applied Science, 5(3), 45-48.

71



Rak, A. E., & Ismail, A. A. M. (2012). Cassia alata as a potential coagulant in water
treatment. Research journal of recent sciences, 1(2), 28-33.

Rafferty, K. (1999). Scaling in geothermal heat pump systems. Klamath Falls, OR: Geo-
Heat Center.

Ravikumar, K. and Sheeja, A.K. (2013). Heavy Metal Removal from Water using
Moringa oleifera Seed Coagulant and Double Filtration. International Journal of
Scientific & Engineering Research, 4(5), 10-13.

Robson, C., & McCartan, K. (2016). Real world research. John Wiley & Sons.

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

Sancho et al. (2016). Moringa oleifera for drinking water treatment: influence of the
solvent and method used in oil-extraction on the coagulant efficiency of the seed
extract. Desalination and Water Treatment, 48 - 49.

Saritha, e. a. (2017). A Review on Native Plant Based Coagulants for Water Purification.
International Journal of Applied Environmental Sciences, 18. Retrieved 3
October, 2017, from http://www.ripublication.com

Sasikala S, Muthuraman G. (2016) A Laboratory Study for the Treatment of Turbidity
and Total Hardness Bearing Synthetic Wastewater/Ground Water Using Moringa
oleifera. Ind Chem 2:112.

Seidi, S., Yamini, Y., Baheri, T., & Feizbakhsh, R. (2011). Electrokinetic extraction on
artificial liquid membranes of amphetamine-type stimulants from urine samples
followed by high performance liquid chromatography analysis. Journal of
Chromatography A, 1218(26), 3958-3965.

Shan, T. C., Al Matar, M., 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.

Sharma, P., Kumari, P., Srivastava, M.M. & Srivastava, S. (2006). Removal of cadmium
from agqueous system by shelled Moringa oleiferaLam. seed powder, 97, 299-305.

Siddhuraju, P., & Becker, K. (2003). Antioxidant properties of various solvent extracts
of total phenolic constituents from three different agroclimatic origins of
drumstick tree (Moringa oleifera Lam.) leaves. Journal of agricultural and food
chemistry, 51(8), 2144-2155.

Singh, R. (2014). Membrane technology and engineering for water purification:
application, systems design and operation. Butterworth-Heinemann.

Sohrabi, Y., Rahimi, S., Nafez, A. H., Mirzaei, N., Bagheri, A., Kamal Ghadiri, S &

Charganeh, S. S. (2018). Chemical coagulation efficiency in removal of water
turbidity. International Journal of Pharmaceutical Research, 10(3).

72



Srikanth, M. V., Sunil, S. A, Rao, N. S., Uhumwangho, M. U., & Murthy, K. R. (2010).
lon-exchange resins as controlled drug delivery carriers. Journal of Scientific
Research, 2(3), 597.

Suhartini, S. H. (2013). Influence of Powdered Moringa oleifera Seeds and Natural Filter
Media on the Characteristics of Tapioca Starch Wastewater. International Journal
of Recycling of Organic Waste in Agriculture, 2, 1-11.

Swistock, B. R., Clemens, S., Sharpe, W. E., & Rummel, S. (2013). Water quality and
management of private drinking water wells in Pennsylvania. Journal of
environmental health, 75(6), 60-67.

Tarig, M., Ahmad, M., Siddique, S., Waheed, A., Shafig, T., & Khan, M. H. (2012).
Optimization of coagulation process for the treatment of the characterized
slaughterhouse wastewater. Pakistan Journal of Scientific & Industrial Research
Series A: Physical Sciences, 55(1), 43-48.

Thatai, S., Verma, R., Khurana, P., Goel, P., & Kumar, D. (2019). Water quality
standards, its pollution and treatment methods. In A New Generation Material
Graphene: Applications in Water Technology (pp. 21-42). Springer, Cham.

Thomas, P. A., Kern, D. E., Hughes, M. T., & Chen, B. Y. (Eds.). (2016). Curriculum
development for medical education: a six-step approach. JHU Press.

Tunggolou, J., & Payus, C. (2017). Moringa oleifera as coagulant used in water
purification process for consumption. Earth Sci. Pak, 1, 1-3.

Tzoupanos, N. D., & Zouboulis, A. 1. (2008, August). Coagulation-flocculation processes
in water/wastewater treatment: the application of new generation of chemical
reagents. In 6th IASME/WSEAS International Conference Greece.

Verma, D., Fortunati, E., Jain, S., & Zhang, X. (2019). Biomass, Biopolymer-Based
Materials, and Bioenergy: Construction, Biomedical, and other Industrial
Applications.

Wei, Z., Hou, J., & Zhu, Z. (2016). High-aluminum fly ash recycling for fabrication of
cost-effective ceramic membrane supports. Journal of Alloys and Compounds,
683, 474-480.

Yongabi. K. A. (2012). A Sustainable Low-Cost Phytodisinfectant- Sand Filter
Alternative for Water Purification. The University of Adelaide Australia, 1-207.

Yusuf, J., Yuakubu, M. B., & Balarabe, A. M. (2015). The Use of Moringa Oleifera Seed
As A Coagulant For Domestic Water Purification. IOSR Journal of Pharmacy and
Biological Sciences Ver. 111, 10(1), 2319-7676.

Yu, W., Gregory, J., & Campos, L. (2010). The effect of additional coagulant on the re-

growth of alum—kaolin flocs. Separation and Purification Technology, 74(3), 305-
309.

73



Zhu, G., Zheng, H., Chen, W., Fan, W., Zhang, P., & Tshukudu, T. (2012). Preparation
of a composite coagulant: Polymeric aluminum ferric sulfate (PAFS) for
wastewater treatment. Desalination, 285, 315-323.

74



