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ABSTRACT

Turbidity is a characteristic related to the concentration of suspended solids particles in water and has been
adopted as an easy and reasonably accurate measure of overall water quality. The most widely applied
water treatment processes, a combination of some or all of coagulation, flocculation, sedimentation and
filtration to reduce or eliminate turbidity and improve water quality. In this research, proposed approach
was adopted on the basis of applying two sequent treatments that used coagulation, flocculation and
sedimentation processes under certain operating conditions of mixing speed, mixing time and settling time
for each treatment. The environmentally friendly natural coagulants of date seeds (DS) or pollen sheath
(PS) from local Iraqi palm was used in the first treatment and alum was used in the second treatment at
their predetermined optimum doses to treat low ( NTU), medium ( NTU) and high ( NTU) ben- tonite
synthetic turbid water. Experimental results clearly show that the proposed approach was superior in
perform- ance in terms of residual turbidity compared with conventional approach using both of (DS) and
(PS) natural coagulants in which it achieved a significant reduction in turbidity to less of 5 NTU that meeting
WHO drinking water guidelines for all tested synthetic turbid water. Moreover, in some cases, it produced
excellent water quality having residual tur- bidity less of 0.1 NTU. In addition to decrease the settling time
to 30 minutes and minimize risks of alum dose required to 60%. These viable advantages are significant to
current practices in advanced water treatment technologies such as reverse osmosis in cost, energy,
effectiveness, safety and maintenance. So, it is recommended to consider proposed approach in this

research work to be a novel pretreatment approach in advanced water treatment.

KEYWORDS
Coagulation; Flocculation; Date Seeds; Pollen Sheath; Turbidity Removal; Bentonite

Cite this paper
M. Al-Sameraiy, "A Novel Water Pretreatment Approach for Turbidity Removal Using Date Seeds and Pollen
Sheath,” Journal of Water Resource and Protection, Vol. 4 No. 2, 2012, pp. 79-92. doi:

10.4236/jwarp.2012.42010.

References
[1] EPA, ““Turbidity through the Treatment Processes,”” Guidance Manual Turbidity Provisions, 1999.

[2] AWWA and ASCE, ““Water Treatment Plant Design,”” 2nd Edition, ASCE and AWWA, McGraw-Hill,
Inc., New York, 1990.

[3] A. M. Warhurst, G. L. McConnachie and S. J. T. Pollard, ““The Production of Activated Carbon for

Water Treatment in Malawi from the Waste Seed Husks of Moringa Oleifera,”” Water Science and
Technology, Vol. 34, No. 11, 1996, pp. 177-184. doi:10.1016/S0273-1223(96)00836-0

[4] S. Katayon, M. Noor, M. Asma, L. A. A. Ghani, A. M. Thamer, I. A. Azni, B. C. Khor and A. M. Suleyman,

““Effects of Storage Conditions of Moringa Oleifera Seeds on Its Performance in Coagulation,””

Bioresource Technology, Vol. 97, No. 13, 2006, pp. 1455-1460. doi:10.1016/j.biortech.2005.07.031
[5] J. M. Montgomery, ““Water Treatment-Principles and Design,”” Wiley Inter-Science, 1985.

[61 T. Okuda, A. U. Baes, W. Nishijima and M. Okada, ““Improvement of Extraction Method of Coagulation

* Open Special Issues
® Published Special Issues

e Special Issues Guideline

JWARP Subscription

Most popular papers in JWARP
About JWARP News
Frequently Asked Questions
Recommend to Peers
Recommend to Library

Contact Us

Downloads: 402,262

Visits: 1,010,755

Sponsors, Associates, al
Links >>



71

(&l

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Active Components from Moringa Oleifera Seed,”” Water Research, Vol. 33, No. 15, 1999, pp. 3373-
3378. d0i:10.1016/S0043-1354(99)00046-9

V. J. H. Rondeau and D. D. J. F. Commenges, ““Aluminum in Drinking Water and Cognitive Decline in
Elderly Subjects,”” The Paquid Cohort American Journal of Epidemiology, Vol. 154, No. 3, 2001, pp.
288-290. doi:10.1093/aje/154.3.288-a

E. Gauthier, 1. Fortier, F. Courchesne, P. Pepin, J. Mortimer and D. Gauvreau, ““Forms in Drinking
Water and Risk of Alzheimer ”s Disease,”” Environmental Research, Vol. 84, No. 3, 2000, pp. 234-
246. doi:10.1006/enrs.2000.4101

B. Bolto and J. Gregory, ““Organic Polyelectrolytes in Water Treatment,”” Water Research, Vol. 41,
No. 11, 2007, pp. 2301-2324. doi:10.1016/j.watres.2007.03.012

R. G. Miller, F. C. Kopfter, K. C. Kelty, J. A. Strober and N. S. Ulmer, ““The Occurrence of Aluminum in
Drinking Water,”” Journal of the American Water Works Association, Vol. 76, 1984, pp. 84-91.

K .S. Narasiah, A. Vogel and N. N. Kramadhati, ““Coagulation of Turbid Waters Using Moringa Oleifera
Seeds from Two Distinct Sources,”” Water Science and Technology: Water Supply, Vol. 2, 2002, pp.
83-88.

P. K. Raghuwanshi, M. Mandloi, A. J. Sharma, H. S. Malviya and S. Chaudhari, ““Improving Filtrate
Quality Using Agrobased Materials as Coagulant Aids,”” Water Quality Research, Vol. 37, No. 4,
2002, pp. 745-756.

A. Diaz, N. Rincon, A. Escorihuela, N. Fernandez, E. Chacin and C. F. Forster, ““A Preliminary
Evaluation of Turbidity Removal by Natural Coagulants Indigenous to Venezuela,”” Process
Biochemistry, Vol. 35, No. 3-4, 1999, pp. 391-395. d0i:10.1016/S0032-9592(99)00085-0

R. Sanghi, B. Bhatttacharya and V. Singh, ““Cassia Angustifolia Seed Gum as an Effective Natural
Coagulant for Decolourisation of Dye Solutions,”” Green Chemistry, Vol. 4, No. 3, 2002, pp. 252-254.
doi:10.1039/b200067a

M. ?ciban, M. Kla?nja and J. Stojimirovic, ““Investigation of Coagulation Activity of Natural Coagulants
from Seeds of Different Leguminose Species,”” Acta Periodica Technologica, Vol. 36, 2005, pp. 81-87.
doi:10.2298/APT0536081S

M. 2ciban, M. Kla?nja, M. Antov and B. ?krbic, ““Removal of Water Turbidity by Natural Coagulants
Obtained from Chestnut and Acorn,”” Bioresource Technology, Vol. 100, No. 24, 2009, pp. 6639-
6643. doi:10.1016/j.biortech.2009.06.047

V. Patale and P. Parikh, ““A Preliminary Study on Coccinia Indica Fruit Mucilage Extract as Coagulant-
Floc- culent for Turbid Water Treatment,”” Journal of Pure and Applied Sciences, Vol. 18, 2010, pp.
27-30.

N. A. Eman, A. M. Suleyman, M. S. Hamzah, Md. A. Zahangir and M. R. M. Salleh, ““Production of
Natural Coagulant from Moringa Oleifera Seed for Application in Treatment of Low Turbidity Water,>”
Journal of Water Resource and Protection, Vol. 2, No. 3, 2010, pp. 259- 266.
doi:10.4236/jwarp.2010.23030

N. A. Eman, A. M. Suleyman, M. S. Hamzah, Md. A. Zahangir and M. R. M. Salleh, ““Production of
Natural Coagulant from Moringa Oleifera Seed for Drinking Water Treatment,”” South East Asia, Book
4, International Water Association (IWA) Publication, London, 2010.

APHA (American Public Health Association), ““Standard Methods for the Examination of Water and
Wastewater,”” 20th Edition, APHA, AWWA, WEF, Washington DC, 1998.

AWWA, ““Operational Control of Coagulation and Filtration Processes,”” 2nd Edition, American Water

Works Association, Denver, 2000.

A. Mishra, R. Srinivasan, M. Bajpai and R. Dubey, ““Use of Polyacrylamide-Grafted Plantago Psyllium
Mucilage as a Flocculant for Treatment of Textile Wastewater,”” Colloid and Polymer Science, Vol.
282, No. 7, 2004, pp. 722-727. doi:10.1007/s00396-003-1003-1

A. Mishra and M. Bajpai, ““Flocculation Behaviour of Model Textile Wastewater Treated with a Food
Grade Polysaccharide,”” Journal of Hazardous Materials, Vol. 14, No. 118, 2005, pp. 213-217.
doi:10.1016/j.jhazmat.2004.11.003

M. Chaudhuri and P. S. A. B. Khairuldin, ““Coagulation-Clarification of Coloured Water by Natural
Coagulant (Moringa oleifera) Seed Extract,”” Nature Environment and Pollution Technology, Vol. 8,



[25]

[26]

[27]

[28]

[29]

[30]

[31]

No. 1, 2009, pp. 137-139.

V. N. R. Divakaran and P. Sivasankara, ““Flocculation of River Silt Using Chitosan,”” Water Research,
Vol. 36, No. 9, 2002, pp. 2414-2418. doi:10.1016/S0043-1354(01)00436-5

A. Diaz, N. Rincon, A. Escorihuela, N. Fernandez and C. F. Forster, ““A Preliminary Evaluation of
Turbidity Removal by Natural Coagulants Indigenous to Venezuela,”” Process Biochemistry, Vol. 35,
No. 3, 1999, pp. 391-395. doi:10.1016/S0032-9592(99)00085-0

T. Nkurunziza, J. B. Nduwayezu, E. N. Banadda and I. Nhapi, ““The Effect of Turbidity Levels and
Moringa Oleifera Concentration on the Effectiveness of Coagulation in Water Treatment,”” Water
Science and Technology, Vol. 59, No. 8, 2009, pp. 1551-1558. d0i:10.2166/wst.2009.155

A. Konstantinos, K. Dimitrios and D. Evan, ““Flocculation Behavior of Mallow and Okra Mucilage
Intreating Wastewater,”” Desalination, Vol. 249, No. 2, 20009, pp- 786-791.
doi:10.1016/j.desal.2008.09.013

T. Okuda, A. U. Baes, W. Nishijima and M. Okada, ““Coagulation Mechanism of Salt Solution—
Extracted Active Component in Moringa Oleifera Seeds,”” Water Research, Vol. 35, No. 3, 2001, pp.
830-834. d0i:10.1016/S0043-1354(00)00296-7

WHO, ““Water Quality Monitoring—A practical Guide to the Design and Implementation of Freshwater
Quality Studies and Monitoring Programs,”” United Nations Environment Program and the World
Health Organization, Geneva, 1996.

EPA, ““Water Treatment Manual,”” Coagulation, Flocculation & Clarification, 2002.



