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Abstract

Textile Industry is one of the most important and largest industrial sectors
in Pakistan. It has a high importance in terms of its environment impact, since
it consumes large quantity of textile industrial processed water and produces
highly polluted discharge water. The textile industry uses high volume of water
throughout its operation, from the washing of fibers to bleaching, mercerizing,
dyeing, printing and washing of finished products. A process data collection
was performed and integrated with a characterization of the process effluents in
terms of treatability and reusability. In this research we use 98% Concentrated
Sulfuric Acid for the Neutralization i.e. to maintain pH, Di Ammonium Phosphate
(DAP) and Urea for the bacterial growth i.e. to decrease Biological Oxygen
Demand (BOD), and we use AQUATREAT @AR 06 for as an efficient
coagulation and flocculation agent. The water treated and purified by using this
method can be used for the agricultural purposes or can be drain to sewer

without any hesitation.
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Introduction

The world’s water consumption rate is doubling every 20 years,
outpacing by two times the rate of population growth. The availability
of good quality water is on the decline and water demand is on the
rise. Worldwide availability of fresh water for industrial needs and
human consumption is limited. Various industrial and developmental
activities in recent times have resulted in increasing the pollution level
and deteriorating the water quality. Water shortages and unreliable
water quality are considered major obstacles to achieve sustainable
development and improvement in the quality of life. The water
demand in the country is increasing fast due to progressive increase
in the demand of water for irrigation, rapid industrialization, and
population growth and improving life standards. The existing water
resources are diminishing (i) due to unequal distribution of rain
water and occasional drought, (ii) excessive exploitation of ground
water sources and its insufficient recharge, (iii) deterioration of water
quality due to the discharge of domestic and industrial effluents
without adequate treatment. This is resulting into water stress/
scarcity. Country is currently passing through social and economic
transition. The proportion of the population which is urban has
doubled over the last thirty years (and is now about 30%), agriculture
now accounts for about 25% of GDP and the economy has been
growing at around 7-9% a year. Country has a highly seasonal pattern
of rainfall, with 50% of precipitation falling in just 15 days and over
90% of river flows in just four months [1-3].

Textile Industry is one of the most important and largest
industrial sectors in Pakistan. It has a high importance in terms of
its environment impact, since it consumes large quantity of textile
industrial processed water and produces highly polluted discharge
water. The textile industry uses high volume of water throughout
its operation, from the washing of fibers to bleaching, mercerizing,

dyeing, printing and washing of finished products [4].

Textile industry causes considerable higher impacts to water
pollution by discharging their effluents into various receiving bodies
includes ponds, rivers and other public sewer. Major pollutants
load from the textile industries are from the several of their wet
-processing operations like scouring, bleaching, mercerizing and
dyeing [5]. Among these various processes, dyeing process normally
uses large amount of water for dyeing, fixing and washing processes
[6]. Thus, textile wastewater possess a high COD concentration,
large amount of suspended solids, broadly fluctuating pH, strong
color, high temperature and low biodegradability caused by varying
contaminates within water environment [7].

The textile industry is one of the most polluting industries in
term of discharge volume and effluent composition. The dye effluent
is characterized by strong color, high Chemical Oxygen Demand
(COD) with pH varying from 2 to 12. The removals of color and
COD reduction pose greatest problems in textile industry [8,9].
Conventionally effluents containing organics are treated with
adsorption, biological oxidation, coagulation, etc. Thought the
conventional methods have individual advantages, they are lacking
in effectiveness, if applied individually. For example, biological

Table 1: Pollutants from Textile Wet Processing.

Process Various Physico Chemicals
Desizing Enzymes, Starch, Waxes, CMC
Bleaching H,0,, Sodium Silicate, Organic Stabilizer, Surfactant
Mercerizing NaOH, Cotton Wax
Dyeing Dyes, Salts, Surfactants, Urea, Soda Ash
Printing Urea, Dyes, Pigments, Binder, Soda Ash, Thickener
Finishing Resins, Formaldehyde, PVA, Waxes, Hydrocarbon
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Table 2: Treatment Methods of Textile Wastewater.

Processes

Advantages

Disadvantages

Biodegradation [19-20]

Rates of Elimination by Oxidizable Substances about 90%

Low Biodegradability of Dyes

Coagulation-Flocculation [21]

Elimination of Insoluble Dyes

Production of Sludge, Blocking
Filter

Adsorption on Activated Carbon
[22]

Suspended Solids and Organic Substances well Reduced

Cost of Activated Carbon

Ozone Treatment [23-24]

Good Decolorization

No Reduction of the COD

Electrochemical Processes
[25-26]

Capacity of Adaption to Different Volumes of Pollution Loads

Iron Hydroxide Sludge

Reverse Osmosis [27]

Removal of all Mineral Salts, Hydrolyzes Reactive Dyes and Chemical Auxiliaries

High Pressure

Nanofiltration [28-31]

Separation of Organic Compounds of Low Molecular Weight and Divalent lons from
Monovalent Salts, Treatment of High Concentrations

Ultrafiltration-Microfiltration

Low Pressure

Insufficient Quality of the Treated

treatment is the most efficient and economical way of reducing
the environmental impact of the industrial effluents containing
organic pollutants, but this technique is time consuming and cannot
be employed for textile effluent, as textile effluent is recalcitrant
to biodegradation. On the other hand, the physical adsorption
is expensive for adsorbent regeneration difficult. Furthermore,
biological and chemical methods generate considerable quantity of
sludge, which itself requires treatment. Due to the large variability of
the composition of textile wastewater, most of the traditional methods
are becoming inadequate [10-13]. Table 1: given below containing
specific pollutants from textile wet processing. Table 2: given below
shows the possible treatments of textile wastewater along with their
advantages and disadvantages.

Textile dying processes are one of the most environmentally
unfriendly industrial processes because they produced colored
wastewater that is heavily polluted with dyes, textile axillaries, and
chemicals. Colloid particlesare removed from the water viacoagulation
and flocculation process. Effect of coagulant dose, polyelectrolyte
dose, pH of the solution, and addition of polyelectrolyte as coagulant
aid was investigated and found to be important parameters for the
effective treatment of beverages industrial wastewater. Aluminum
Sulfate (Alum), Ferrous Sulfate, and Ferric Chloride were commonly
used as coagulants. During the high COD removal capacities it
has been observed that combined use of Alum and Lime link with
Alzheimer’s disease [14-34].

Apparently no major studies have been done to clarify the textile
waste water by using Urea, DAP, and Polymer AQUATREAT @AR
06. Therefore the aim of this research is to investigate the effect of
Urea, DAP, and Polymer AQUATREAT @AR 06 in the treatment of
textile wastewater.

[32-34] Water
Table 3: Analysis of Effluent Samples. Table 4: pH Results of Samples.
Parameters Values pH of Samples
Sample 1 Sample 2 Sample 3 Inlet Outlet Percentage Neutralization
pH 11.8 12 10.9 Sample 1 11.8 8.3 70.33%
Conductivity (us/cm) 7.96 x 10° 5.24 x 10° 5.49 x 10° Sample 2 12 7.9 65.83%
TDS (mg/L) 3050 3605 3810 Sample 3 10.9 7.4 67.88%
TSS (mg/L) 2800 1800 2237 ) )
BOD (mg/L) 421.4 312.8 410.2 Experlmentatlon
cop 920 880 840 Sampling

The analysis of the wastewater samples of a well-known textile
industry in Faisalabad, PAKISTAN has been taken and it is given
below in Table 3.

Agitation and aeration

The sample is taken into a beaker and continuously agitated for
the purpose of Aeration that is necessary for the bacterial growth in
the wastewater.

Neutralization

In this step we add sulfuric acid by dosing. We add sulfuric acid
in the ratio of 2.057mL/1L of wastewater. This will reduce the pH of
the sample and neutralize the sample. The resulting pH of the samples
after the dosing of sulfuric acid is to be found in the range of (7-8.5).
The results are tabulated in Table 4: given below as follows.

Bacterial growth

Add fertilizer like Di Ammonium Phosphate (DAP) and Urea in
order to increase the bacterial growth i.e. Biological Oxygen Demand
(BOD) and maintain to a specific level. This will be beneficial for the
next step of treatment that is coagulation and flocculation. Add an
equal mixture of Di Ammonium Phosphate (DAP) and Urea that is
about 26.78 gram per liter of wastewater. The results are tabulated in
Table 5: given below as follows.

Coagulation and flocculation

In this step add some polymers like AQUATREAT @AR 06 this
Table 5: BOD Results of Samples.

Biological Oxygen Demand (BOD) of Samples
Inlet Outlet Percentage BOD Change
Sample 1 421.4 526.75 80%
Sample 2 312.8 376.86 83%
Sample 3 410.2 519.24 79%
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Table 6: Effluent Parameters Results of Samples.

Parameters Values
Sample 1 Sample 2 Sample 3
pH 8.3 7.9 7.4
Conductivity (us/cm) 3.24 x 10° 3.17 x 10° 3.04 x 10°
TDS (mg/L) 610 612 925
TSS (mg/L) 504 396 560
BOD (mg/L) 526.75 376.86 519.24
coD 440 390 370

will cause a sudden agglomeration and it will appear on the surface of
wastewater. The AQUATREAT @AR 06 is actually a light weight Poly
Acrylic Acid used as an anti-scalant agent for wastewater treatment
purposes. Add 7.14mg of AQUATREAT @AR 06 in powder form in
the beaker and agitate continuously. This will result the formation of
coagulation of insoluble dyes, colors, and pigments etc.

Results and Discussions

The results show that the process of neutralization i.e. decreases
in pH is about 68% efficient. The results are given below in Table 4.

The result shows that the process of Biological Oxygen Demand
(BOD) increase is about 80.66% efficient. The results are given below
in Table 5.

After increasing the Biological Oxygen Demand (BOD) for
Bacterial Growth the remaining effluent parameters are changed and
tabulated in Table 6.

Conclusion

This scientific research shows that the 98% Concentrated Sulfuric
Acid efficiently neutralize the sample of textile industry waste water.
This research also shows that Di Ammonium Phosphate (DAP) and
Urea are found to be effective in order to increase the bacterial growth
i.e. Biological Oxygen Demand (BOD) and maintained at a specific
level. The AQUATREAT @AR 06 is found to be efficient coagulation
and flocculation agent for the removal of insoluble dyes, colors, and
pigments etc. the water treated and purified by using this method can
be used for the agricultural purposes or can be drain to sewer without
any hesitation.

References

1. Soteris A. Kalogeria. Seawater Desalination using Renewable Energy
Sources, Progress in Energy and Combustion Sciences. 2005; 31: 242-281.

2. Gleick. Water Resources in Encyclopedia of Climate and Weather, In:
Schneider, S. H. (ed.). University Press New York. 1996; 02: 817-823.

3. Technical Information Document, Desalination and Water Purification
Technologies, Department of Atomic Energy, Bhabha Atomic Research
Centre, Government of India. 2010.

4. S. M. Imtiazuddin, MajidMumtaz, and Khalil A. Mallick. “Pollutants of
Wastewater Characteristics in Textile Industry,” Journal of Basic and Applied
Sciences. 2012; 08: 554-556.

5. K.V. Radha, V. Sridevi, and K. Kalaivani, Bioresource. Electrochemical
Oxidation for the Treatment of Textile Industry Waste Water, Technol. 2008;
100: 987-990.

6. D. Rajkumar, B. J. Song, and J. G. Kim. “Electrochemical Degradation of
Reactive Blue 19 in Chloride Medium for the Treatment of Textile Dyeing

Wastewater with Identification of Intermediate Compounds,” Dyes and
Pigments. 2007; 72: 1-7.

7. J. Chen, M. Liu, J. Zhang, Y. Xian and L. Jin. “Electrochemical Degradation
of Bromopyrogallol Red in Presence of Cobalt lons,” Chemosphere. 2003;
53: 1131-1136.

8. J.Naumczyk, L. Szpyrkowicz and F. ZilioGrandi. “Electrochemical Treatment
of Textile Waste Water,” Water Science and Technology. 1996; 11: 17-24.

9. V.J.P. Poots, G. Mckay and J.J. Healy. “The Removal of Acid Dye from
Effulent using Natural Adsorbents,” Water Research. 1976; 10: 1061-1066.

10. O.J. Hao, H. Kim and P.C. Chiang, Decolorization of Wastewater, Critical
Reviews in Environmental Science and Technology”. 2000; 30: 449-505.

11. A. Fernandes, Mor™ ao, M. Magrinho, A. Lopes, |. Goncalves. Electrochemical
Degradation of C.I. Acid Orange 7, Dyes Pigments. 2004; 61: 287-297.

12. A.Sakalis, Mpoulmpasakos K, Nickel U, Fytianos K, Voulgaropoulos A.
“Evaluation of a novel electrochemical pilot plant process for azodyes
removal of textile wastewater,” Chemical Engineering. 2005; 111: 63-70.

13. M.C. Gutierrez and M. Crespi. “A Review of Electrochemical Treatments for
Color Elimination, Coloration Technology. 1999; 115: 342-345.

14.Pala A, Tokat E. “Color Removal from Cotton Textile Industry Wastewater
in an Activated Sludge System with various Additives,” Water Research.
2002; 36: 2920-2925.

15. Ledakowicz S, Solecka M, Zylla R. “Biodegradation, Decolorization and
Detoxification of Textile Wastewater Enhanced by Advanced Oxidation
Processes,” Journal of Biotechnology. 2001; 89: 175-184.

16. Gaehr F, Hermanutz F, Oppermann W. “Ozonation, An important Technique
to Comply with new German Laws for Textile Wastewater Treatment,”
Water Science and Technology. 1994; 30: 255-263.

17. Arslan |, Balcioglu IA, Bahnemann DW. “Advanced Chemical Oxidation of
Reactive Dyes in Simulated Dye House Effluents by Ferrioxalate-Fenton/
UV-A and TiO2/UV-A Processes,” Dyes Pigments. 2000; 47: 207-218.

18. Adams CD, Fusco W, Kanzelmeyer T. “Ozone, Hydrogen Peroxide/Ozone
and UV/Ozone Treatment of Chromium and Copper Complex Dyes:
Decolorization and Metal release,” Ozone Science and Engineering. 1995;
17: 149-161.

19. Scott JP, Ollis D. “Integrated Chemical and Biological Oxidation Processes
for Water Treatment, Review and Recommendations, Environmental
Progress. 1995; 14: 88-103.

20.Lin SH, Peng FC. “Treatment of Textile Wastewater by Electrochemical
Method,” Water Research. 1994; 28: 277-282.

21. Lin SH, Chen ML. “Treatment of Textile Wastewater by Chemical Methods for
Reuse,” Water Research. 1997; 31: 868- 876.

22. Ghayeni SB, Beatson PJ, Schneider RP, Fane AG. “Water Reclamation from
Municipal Wastewater using Combined Microfiltration-Reverse Osmosis
(MERO): Preliminary Performance Data and Microbiological Aspects of
System Operation,” Desalination. 1998; 116: 65-80.

23. Erswell A, Brouchaert CJ, Buckley CA. “The Reuse of Reactive Dye Liquors
using Charged Ultrafiltration Membrane Technology,” Desalination. 1998; 70:
157-167.

24.Xu Y, Lebrun R, Gallo PJ, Blond P. “Treatment of Textile Dye Plant Effluent
by Nanofiltration Membrane,” Separation Science and Technology. 1999; 34:
2501-2519.

25. Akbari A, Remigy JC, Aptel P. “Treatment of Textile Dye Effluent using
a Polyamide-Based Nanofiltration Membrane,” Chemical Engineering
Processing. 2002; 41: 601-609.

26. Tang C, Chen V. “Nanofiltration of Textile Wastewater for Water Reuse,”
Desalination. 2002; 143: 11-20.

27. Watters JC, Biagtan E, Sener O, “Ultrafiltration of Textile Plant Effluent,”
Separation Science and Technology. 1991; 26: 1295-1313.

28. Rott U, Minke R, “Overview of Wastewater Treatment and Recycling in the

Submit your Manuseript | www.austinpublishinggroup.com

Austin Chem Eng 4(2): id1052 (2017) - Page - 03


http://s3.amazonaws.com/academia.edu.documents/2610412/6clknzaosgxbaz2.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1499923690&Signature=XMUtGRFaMdZZox3BKKlz3B1FaGg%3D&response-content-disposition=inline%3B filename%3DSeawater_desalination_using_renew
http://s3.amazonaws.com/academia.edu.documents/2610412/6clknzaosgxbaz2.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1499923690&Signature=XMUtGRFaMdZZox3BKKlz3B1FaGg%3D&response-content-disposition=inline%3B filename%3DSeawater_desalination_using_renew
http://oxfordindex.oup.com/view/10.1093/acref/9780199765324.013.0511
http://oxfordindex.oup.com/view/10.1093/acref/9780199765324.013.0511
http://www.barc.gov.in/publications/eb/index.html
http://www.barc.gov.in/publications/eb/index.html
http://www.barc.gov.in/publications/eb/index.html
http://www.lifescienceglobal.com/images/Journal_articles/JBASV8N2A47-Imtiazuddin.pdf
http://www.lifescienceglobal.com/images/Journal_articles/JBASV8N2A47-Imtiazuddin.pdf
http://www.lifescienceglobal.com/images/Journal_articles/JBASV8N2A47-Imtiazuddin.pdf
https://www.ncbi.nlm.nih.gov/pubmed/18760596
https://www.ncbi.nlm.nih.gov/pubmed/18760596
https://www.ncbi.nlm.nih.gov/pubmed/18760596
http://www.sciencedirect.com/science/article/pii/S0143720805002391
http://www.sciencedirect.com/science/article/pii/S0143720805002391
http://www.sciencedirect.com/science/article/pii/S0143720805002391
http://www.sciencedirect.com/science/article/pii/S0143720805002391
https://www.infona.pl/resource/bwmeta1.element.elsevier-5ffa87e3-16be-3f19-9301-51f3148d3f9f
https://www.infona.pl/resource/bwmeta1.element.elsevier-5ffa87e3-16be-3f19-9301-51f3148d3f9f
https://www.infona.pl/resource/bwmeta1.element.elsevier-5ffa87e3-16be-3f19-9301-51f3148d3f9f
http://www.sciencedirect.com/science/article/pii/S0273122396008165
http://www.sciencedirect.com/science/article/pii/S0273122396008165
http://www.sciencedirect.com/science/article/pii/0043135476900361
http://www.sciencedirect.com/science/article/pii/0043135476900361
http://www.tandfonline.com/doi/abs/10.1080/10643380091184237
http://www.tandfonline.com/doi/abs/10.1080/10643380091184237
https://www.researchgate.net/profile/Annabel_Fernandes/publication/239217306_Electrochemical_degradation_of_C_I_Acid_Orange_7/links/53f36cdd0cf256ab87b0a3a3/Electrochemical-degradation-of-C-I-Acid-Orange-7.pdf
https://www.researchgate.net/profile/Annabel_Fernandes/publication/239217306_Electrochemical_degradation_of_C_I_Acid_Orange_7/links/53f36cdd0cf256ab87b0a3a3/Electrochemical-degradation-of-C-I-Acid-Orange-7.pdf
http://www.sciencedirect.com/science/article/pii/S1385894705001944
http://www.sciencedirect.com/science/article/pii/S1385894705001944
http://www.sciencedirect.com/science/article/pii/S1385894705001944
http://onlinelibrary.wiley.com/doi/10.1111/j.1478-4408.1999.tb00323.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1478-4408.1999.tb00323.x/full
https://www.ncbi.nlm.nih.gov/pubmed/12146882
https://www.ncbi.nlm.nih.gov/pubmed/12146882
https://www.ncbi.nlm.nih.gov/pubmed/12146882
https://www.ncbi.nlm.nih.gov/pubmed/11500211
https://www.ncbi.nlm.nih.gov/pubmed/11500211
https://www.ncbi.nlm.nih.gov/pubmed/11500211
http://wst.iwaponline.com/content/30/3/255
http://wst.iwaponline.com/content/30/3/255
http://wst.iwaponline.com/content/30/3/255
http://www.sciencedirect.com/science/article/pii/S0143720800000826
http://www.sciencedirect.com/science/article/pii/S0143720800000826
http://www.sciencedirect.com/science/article/pii/S0143720800000826
http://www.tandfonline.com/doi/abs/10.1080/01919519508547543
http://www.tandfonline.com/doi/abs/10.1080/01919519508547543
http://www.tandfonline.com/doi/abs/10.1080/01919519508547543
http://www.tandfonline.com/doi/abs/10.1080/01919519508547543
http://onlinelibrary.wiley.com/doi/10.1002/ep.670140212/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ep.670140212/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ep.670140212/abstract
http://www.sciencedirect.com/science/article/pii/004313549490264X
http://www.sciencedirect.com/science/article/pii/004313549490264X
http://www.sciencedirect.com/science/article/pii/S0043135496003181
http://www.sciencedirect.com/science/article/pii/S0043135496003181
https://www.infona.pl/resource/bwmeta1.element.elsevier-d07d93a7-763f-3bda-8b96-8b4ba054898a
https://www.infona.pl/resource/bwmeta1.element.elsevier-d07d93a7-763f-3bda-8b96-8b4ba054898a
https://www.infona.pl/resource/bwmeta1.element.elsevier-d07d93a7-763f-3bda-8b96-8b4ba054898a
https://www.infona.pl/resource/bwmeta1.element.elsevier-d07d93a7-763f-3bda-8b96-8b4ba054898a
http://www.sciencedirect.com/science/article/pii/0011916488850513
http://www.sciencedirect.com/science/article/pii/0011916488850513
http://www.sciencedirect.com/science/article/pii/0011916488850513
http://www.tandfonline.com/doi/abs/10.1081/SS-100100787
http://www.tandfonline.com/doi/abs/10.1081/SS-100100787
http://www.tandfonline.com/doi/abs/10.1081/SS-100100787
http://en.journals.sid.ir/ViewPaper.aspx?ID=10739
http://en.journals.sid.ir/ViewPaper.aspx?ID=10739
http://en.journals.sid.ir/ViewPaper.aspx?ID=10739
http://www.sciencedirect.com/science/article/pii/S0011916402002163
http://www.sciencedirect.com/science/article/pii/S0011916402002163
http://www.tandfonline.com/doi/abs/10.1080/01496399108050533
http://www.tandfonline.com/doi/abs/10.1080/01496399108050533
http://download.xuebalib.com/xuebalib.com.9372.pdf

Mukhtar A Austin Publishing Group

Textile Processing Industry,” Water Science and Technology. 1999; 40: 137- 32.Pan JR, Huang CP, Chen SC and Chung YC. “Evaluation of Modified
144. Chitosan Biopolymer for Coagulation of Colloidal Particles” Colloids and

) ) . ) . Surfaces A. 1999; 147: 359-364.
29. Ciardelli G, Ranieri N, “The Treatment and Reuse of Wastewater in the Textile

Industry by means of Ozonation and Electro-flocculation,” Water Research. 33. Amokrane A, Comel C, and Ueron J. “Landfill Leachates Pre-Treatment by
2001; 35: 567-572. Coagulation Flocculation” Water Research. 1997; 31: 2775-2782.

30. Rouss J, Vooren MV, DemprcyBA and Guibal F. “Influence of Chitosan 34. Mohammad Sayem Mozumder AS. “Amphiphilic Polyelectrolytes
Characteristics on the Coagulation and the Flocculation of Bentonite Characterization and Applications in Coagulation/Flocculation” King Fahad
Suspension” Water Research. 2005; 39: 3247-3258. University of Petroleum and Minerals, Thesis Master. 2004.

31. Amudaa OS and Amoob IA. “Coagulation/Flocculation Process and Sludge
Conditioning in Beverage Industrial Wastewater Treatment” Journal of
Hazardous Materials. 2007; 141: 778-783.

Austin Chem Eng - Volume 4 Issue 2 - 2017 Citation: Mudassir MS, Omar QM, Shafiq U, Mukhtar A and Safdar F. Textile Industry Wastewater Treatment

ISSN : 2381-8905 | www.austinpublishinggroup.com Using DAP, Urea, and Polymer AQUATREAT @AR 06. Austin Chem Eng. 2017; 4(2): 1052.
Mukhtar et al. © All rights are reserved

Submit your Manuscript | www.austinpublishinggroup.com Austin Chem Eng 4(2): id1052 (2017) - Page - 04


http://download.xuebalib.com/xuebalib.com.9372.pdf
http://download.xuebalib.com/xuebalib.com.9372.pdf
http://www.sciencedirect.com/science/article/pii/S0043135400002864
http://www.sciencedirect.com/science/article/pii/S0043135400002864
http://www.sciencedirect.com/science/article/pii/S0043135400002864
https://www.ncbi.nlm.nih.gov/pubmed/16019052
https://www.ncbi.nlm.nih.gov/pubmed/16019052
https://www.ncbi.nlm.nih.gov/pubmed/16019052
http://www.sciencedirect.com/science/article/pii/S0304389406008430
http://www.sciencedirect.com/science/article/pii/S0304389406008430
http://www.sciencedirect.com/science/article/pii/S0304389406008430
https://ir.nctu.edu.tw/bitstream/11536/31516/1/000078843900009.pdf
https://ir.nctu.edu.tw/bitstream/11536/31516/1/000078843900009.pdf
https://ir.nctu.edu.tw/bitstream/11536/31516/1/000078843900009.pdf
http://www.sciencedirect.com/science/article/pii/S0043135497001474
http://www.sciencedirect.com/science/article/pii/S0043135497001474

	Title
	Abstract
	Introduction
	Experimentation
	Sampling
	Agitation and aeration
	Neutralization 
	Bacterial growth
	Coagulation and flocculation

	Results and Discussions 
	Conclusion
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6

