BUSITEMA
UNIVERSITY

Pursuing Excellence

FACULTY OF ENGINEERING

DEPARTMENT OF TEXTILE AND GINNING ENGINEERING

DEGRADING OF TEXTILE EFFLUENT THROUGH COMBINED BIOLOGICAL AND
ADVANCED OXIDATION PROCESS UTILIZING MANGANESE OXIDE AS A CATALYST

OGWEL DINAH
Reg no: BU/UG/2015/2112

Email: dinahdiguel8@gmail.com

Mobile: +256 780452555/4+256704865469

SUPERVISORS: DR. NIBIKORA IIDEPHONSE

DR. KAMALHA EDWIN

A fourth-year final project report submitted to the department of Textile and Ginning leading to the

award of Bachelor's degree in Textile Engineering




DECLARATION

I OGWEL DINAH reg no BU/UG/2015/2112 declare that this project research is my original work and
all the information contained in this report is a result of my continuous hard work and it has not been
presenied to any institution of higher learning for any academic award.

LS

OGWEL DINAH BU/UG/2015/2112 FINAL PROJECT REPORT
ii



ACKNOWLEDGEMENT
Firstly, I thank the almighty Father for granting me good health throughout my entire struggle in
compiling this final year project report.

Secondly, with great joy 1 acknowledge my dear supervisors Dr. Kamalha Edwin and Dr. Nibikora
Ildephonse for their continuous guidance, ultimate help and encouragement during all the stages of this
project. I also extend my sincere gratitude to the staff of national water Kampala for allowing me carryout
my research in their laboratory and also for their guidance through out the experimentation time.

Lastly, with deep gratitude I thank all my classmates for their encouraging words, advise and team spirit.
[ love you all.

OGWEL DINAH BU/UG/2015/2112 FINAL PROJECT REPORT
i



DEDICATION
My special gratitude to my father Mr. Oyuku Charles, my sister Jane, my brother Job and my niece

Sharita for their continuous love, prayers and support. Not forgetting my lovely friends and relatives for
always being there for me whenever [ needed them.

BU/UG/2015/2112 FINAL PROJECT REPORT

v

OGWEL DINAH



APPROVAL

This is to certify that the project titled DEGRADING TEXTILE EFFLUENT THROUGH COMBINED
BIOLOGICAL AND ADVANCED OXIDATION PROCESS UTILIZING MANGANESE CATALSYT
has been executed under supervision by

Supervisors

Dr. Nibikora Hdephonse

OGWEL DINAH BU/UG/2015/2112 FINAL PROJECT REPORT
v



List of tables

Table 1: Efficiency of textile effluents treatment using TiO ......coeeeincniiininecceeeeecrecreeneeene. 10
Table 2:Materials used to CarTy Out the EXPETIMENL........cccoeeiieeeieeeeeeseaeeressasnassessssasssnsssanessansrsseasaserasssssen 15
Table 3: The most common impurities found in textile effluents.........cocevrvrceercecvesrcesrreereeneseseereenn 16
Table 4:Paannneters For BosBolly ..o it s aaissiswisrrssssmramrrnsre 9
Table 5:Resuits for the effluent charactenzatlcn R SRR e 2D
Table 6:Concentration of parameters used for tox;clty determmatlon i 20
Table 7: Results for biological treatment in the presence of E-Coli coiomes and in the ab*‘»cncc of the E-
KR COMIBROR ¢ oo o A A R A i s it A S 26
Table 8:Results after biological treatment using E-Coli bacterial colonies................ |
Table 9:Results after chemical treatment of the effluent using MnO catalyst and H: Ov onl\ S |
Table 10:Efficiency of the combined biological and chemical method using manganese 0x1de asa catalyst
for hydrogen peroxide.... - 31
Table 11:Analysis between the b:oioglcal method and the combmed treatment method using ANOVA .32
Table 12:Analysis between chemical method and the combined treatment method using ANOVA .........

List of figures

Figure 1:SpectrOPROIOIMIETET.........cooiiirierii et eetesas s stesnssessssee s s e smesmn s saesmnasssaesaesassnssnemnssnsnnsneesannnss LT
FIBUIE 22 PH IBOURT st mrssscnssvsosnsssssnsansssspnmynssnssmnssssosenmanssasssssamaassmssansnessasmsamasnenssansansnsoansaransas 7
Figure 3: Torhidily MBIEE .. cccoiimssssisssimotisssssmssssasssssssessosmssmsommaeminsmanssmeanssmensasmonsasnsreasesnsnsanersonssassnarasne U
Figure 4 BOL Iouball..conuimmnsnniimmsaibeismmismammimapmmiisrwimami gl
Figure 5:COD vials... s i BB
Figure 6: Dsgester(reactor) - ROR— T— s B2
Figure 7:Grown E-Coli bactena colnmes on chromogemc cohform agar med:a plate the blue pomts are
1he B-U0li DACIEria SOMOMIBE w.cmimniii i s e s L R R A 23
Figure 8:Comparison between initial average concentration of the impurities against the acceptable
discharge as per NEMA 1999 ...ttt sa e ssesssese s e st b s sae st asesansssenesrnsennerses 2D
Figure 2-Effect of pH on COD pedl0lon. ......oiaiiisiiasiimioimmississsimsisaas i iasaisisssisssissssansroson 28
Figure 10:Effect of MnO catalyst on COD reductions ..........ccoiioiciciecicncnsceeissssscnsensssnenens 29
Figure 1 1'Effect of Hil: 0l D) FOMOGIIOMN ..o smisimmmminmsssissismi s s s sssssassiis s 30
Figure 12:Comparison of the efficiencies of the biological, chemical and combined treatment method...32

OGWEL DINAH BU/UG/2015/2112 FINAL PROJECT REPORT
vi



List of Acronyms

AOPs Advanced Oxidation Processes
APHA American Public Health Association
ASTM American Society for Testing and Materials
BOD Biological Oxygen Demand.
COD Chemical Oxygen Demand
pH Power of Hydrogen ion
NEMA National Environment Management Authority
NTU Nephelometric Turbidity units
TSS Total suspended solids
TDS Total dissolved solids
E.C Electrical conductivity
piCo Platimum Cobalt scale
Mg/l Milligrams per liter
MnO Manganese (I1) Oxide
H:02 Hydrogen peroxide
Mg/l Milligrams per liter

OGWEL DINAH BU/UG/2015/2112 FINAL PROJECT REPORT
vil




ABSTRACT

The discharge of textile effluents directly into water bodies or into the environment poses a serious threat
since this waste water contains harmful compounds such as dyes, complex organic compounds and heavy
melals which can cause health problems to humans as well as on ihe organisms living in the watér bodies.
This therefore requires efficient methods for the complete reduction of these toxic substances. The aim of
this study was therefore to degrade the textile effluent through the combined biological method and
advanced oxidation process utilizing manganese oxide as the catai_yst for hydrogen peroxide instead of
iron catalyst which has severe impractical limitations. '

Results: characterization of the textile effluent showed that the concentration of impurities was 160 high
as to the discharge standards set by NEMA 1999 with the highest concentration being 5600 piCo for
colour and the lowest was for Total suspended solids (TSS). Biological treatment using pure cultures of
E-Coli after incubation of seven days showed good percentage remioval of colour of about 82%. However,
the combined treatment method showed good percentage reduction of most of the physio chemical
parameters at acidic pH of 3, optimum amount of hydrogen peroxide used for the combined treatment was
4.5g/1 and optimum amount of catalyst used was 300mg/!. the cherical treatment of the -effiuent alone
required higher quantity of the catalyst and hydrogen peroxide for complete reduction of the physio
chemical parameters, 700mg/l of the catalyst was used and 6.6g/] of hydrogen peroxide was used for
efficient reduction of the physio chemical parameters.

Conclusion: the textile effluent was characterized for the impurities; colour, TDS, TSS, turbidity and the
toxicity was determiied using thie BOD/COD ratio and it was found out to be 0.35. Treatment was carried
out using the biological method, chemical method and the combined treatment method. The combination
of biological and chemical method wtilizing manganese catalyst yielded higher efficacy.

This study demonstrates the potential of biological isolates in enhancing the management of dye effluent
in textile industries.
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CHAPTER ONE

1.0 Introduction

The Textile industry is one of the major source of water pollution, with the wet processing being the most
water consuming section (Rasheed and Kavitha, 2014).Textile wet processing use large amounts of water
and various chemicals during the processing of a textile product (Abraham Ponsingh ef a/., 2018). About
7.62 million m3/ year of waste water is produced in Uganda and about half in Kampala (Masiga, 2013),
(‘Objec & ves : WW-RRR Products’, 2016). Dyes are one of the toxic chemicals present in wasie waters.
Statistics has showed that there are more than 100000 commercially existing available dyes and more
than 700000 tons per year are produced annually (Rasheed and Kavitha, 2014) and approximately 10-
15% of dyes are lost in effluent during the dyeing process (Sanchez Pérez ef al., 2013).

This study therefore seeks to use manganese catalyst for activating hydrogen peroxide instead of iron salts
which have shown severe practical limitations i.e. it’s hard to regenerate the iron catalyst as iron ion are
continuously lost into solution during the degradation process leading to a higher consumption of
hydrogen peroxide.

1.1 Background

Effluent refers to liquid waste that is discharged into water bodies either from direct sources or from
treatment plants while waste water is water which contains many pollutants therefore it cannot be used
like pure water and hence should not be disposed in a manner which is dangerous to human life, aquatic
life and the environment. Textile waste water is the kind of water coming from the various sections in a
textile mill and it consists of dyes, complex chemicals such as organic acids, fixing agents, reducing
agents, oxidizing agents (Wang, Ma and Xing, 2018). and some traces of metals such Cr. As. Cu. and Zn
which are capable of harming the environment and human health.(Zhezhova, Risteski and Saska, 2014).
Therefore, making it critical to develop treatment technologies for removal of these pollutants.(Huang et
al., 2017).

The common waste water treatment mechanisms are; physical, chemical, biological or a combination and
there are four sequences of treating water which include; primary, secondary and tertiary. (Rasheed and
Kavitha, 2014), Primary waste water treatment is the first step and it involves the removal of suspended
solids, excessive quantities of oil, grease and gritty materials. Example of the methods used include;
screening, sedimentation, homogenization, neutralization, mechanical flocculation, chemical coagulation.
Secondary treatments are basically biological methods which use microorganisms under aerobic or
anaerobic conditions to remove biodegradable organic matter (Abraham Ponsingh ef @/, 2018) . The use
of biological treatment is efficient in the degrading of pollutants present in waste water but however most
of these compounds are not efficiently removed (Vincenzo Naddeo, 2013) hence limiting its use. Tertiary
treatment is a supplementary to primary and secondary. The treatment processes are mainly
physicochemical in nature and include membrane technologies, adsorption, oxidation technique, ion
exchange among others. Despite the advantages of the conventional methods for the removal of
pollutants, individual application of these methods is limited, (Azizi ef al., 2015). due to the many
complex pollutants which are contained in the textile waste water hence production of waste water which
doesn’t meet the recommended treatment standards (Bokare and Choi, 2014). These individual methods
are also expensive in terms of chemical cost and sludge disposal. (Zhezhova, Risteski and Saska, 2014)

Advanced oxidation process (AOPs) is a chemical technology that generates and utilizes strongly
oxidizing hydroxy! radicals for complete removal of organic pollutants into nontoxic products like carbon
dioxide, water and energy (Cesaro, Naddeo and Belgiorno, 2013) and it has been studied previously but
of course there is need for development of the treatment process in order to obtain higher efficiencies,



REFERENCES
Abraham Ponsingh, B, & al. (2018) “Characterization and Treatment of Textile Effluent By

Photocatalytic Method®, International Journal of Scientific and Research Publications (IJSRP), 8(5), pp.
261-269. doi: 10.29322/1TSRP.8.5.2018.p7738.

Adityosulindro, S. et al. (2018) “Sonolysis and sono-Featon oxidation for removal of ibuprofen in ( waste
) water To cite this version : HAL 1d : hal-01843482", Ultrasonics - Sonochemistry. Elsevier, 39, pp. 889—
896. doi: 10.1016/j.ultsonch.20717.06.008.

Ameta, 8. C. (2015) ‘Introduction’, Solar Energy Conversion and Storage: Fhotochemical Modes, pp. 1—
5. doi: 10.1201/619148.

Aziz, J. A. and Tebbutt, T. H. Y_(1980) ‘Significance of COD, BOD and TOC correlations in kinetic
models of biological oxidation®, Water Research. Elsevier, 14(4), pp. 319-324.

Azizi; A, et al. (2015) “Comparison of three combined sequencing batch reactor followed by enhanced
Fenton process for an azo dye degradation: Bie-decolorization kinetics study’, Elsevier B.V. Elsevier B.V.
doi: 10.1016/j jhazmat.2015.06.044.

Bokare, A. D. and Choi, W. (2014) Review of iron-free Fenton-like systems for activating H202in
advariced oxidation processes, Jowrnal of Hazardous Materials. Elsevier B.V. doi:
10.1016/j jharmat.2014.04.054.

Buthiyappan, A., Abdul Aziz, A. R. and Wan Daud, W. M. A. (2016) ‘Recent advances and prospects of
catalytic advanced oxidation process in treating textile effluents’, Reviews in Chemical Engineering,
32(1), pp: 1-47. doi: 10.1515/revee-2015-0034.

Cesaro, A., Naddeo, V. and Belgiomno, V. (2013) *Wastewater Treatment by Combination Qf Advanced
Oxidation Processes and-Conventional Biological Systems Bior emediation & Biodegradation’, 4(8). dot:
10.4172/2155-6199.1000208. ' '

Chemistry, G. S. (2015) “Clean and practical oxidation using hydrogen peroxide =, 8(1), pp. 16-28.

Cheng, M. ef al. (2018) “Metal-organic frameworks for highly efficient heterogeneous Fenton:like
catalysis®, Coordination Chemisiry Reviews. Elsevier B.V ., 368, pp. 80-92. doi:
10.1016/j.ccr2018.04.012.

Fiorentino, A. ef al. (2018) “Disinfection of urban wastewater by a new photo-Fenton like process using
Cu-iminodisuceinic acid complex as catalysi at neutral pH, Water Research. Elsevier Lid, 146, pp. 206
215. doiz 10.1016/.watres 2018.08.024.

Hikmat, K.. et al. (2017) ‘Application of a planar falling film reactor for decomposmon and mineralization
of methylene blue in the dqueous media via ozonation , Fentori , photocatalysis and non-thermal plasma :

A comparative study’, Process Safety and Amrn-_onmemq! Protection. Institution of Chemical Engineers,
113, pp. 319329 doi: 10.10164 psep.2017.11 005,

Huang, D. et af. (2017) “Science of the Total Environment Combination of Fenton processes and
biotreatment for wastewater treatment and soil remediation’, Science of the Total Environment, The.
Elsevier B.V., 574, pp- 1599-1610. doi: 10.1016/j.scitoteny. 2016 08.199,

OGWEL DINAH BU/UG/2015/2112 FINAL PROJECT REPORT
37




lkehata, K. and Li; Y. (2018) “Ozone-Based Processes’; ddvanced Oxidation Processes for Wastewater
Treatment: Emerging Green Chemical Technology, pp. 115-134. doi: 10.1016/B978-0-12-810499-
6.00005-X.

Kelinde, F. and Aziz, H. A. (2014) “Textile Waste Water and the advanced Oxidative Treatment Process,
an Overview’, International Jowrnal of Innovative Research in Science, Engineertng and Technology,
3(8), pp. 15310-15317. doi: 10.15680/1JTRSET.2014.0308034.

Lee, A. and leraz, H. (2015) “BOD: COD ratio as an indicator for river pollution”, International
Proceedings of Chemical, Bivlogical and -Environmental Engineering, 88(15), pp. 89-94.

Mandal, T. ef al. (2010) “Treatment of leather industry wastewater by aerobic bloioglcal and Fenton
oxidation process’, Journal of Hazardous Materials. Elsevier B.V. . 180(1-3), pp. 204-211. doi:
10.1016/) jhazmat.2010.04.014,

Masiga, M. (2013) ‘GOVERNMENT OF UGANDA MINISTRY OF WATER AND ENVIRONMENT
CLIMATE CHANGE UNIT { CCU ) Proposal for : Nationally Appropriate Mitigation Action NAMA.
Seeking Support for Implementation Integrated Bio- Wastewater Treatment for agro-process wastewater
Moses Masiga®, (October).

Matavos-aramyan, 8. and Moussavi, M. (2017) ‘Advances: in Fenton and Fenton Based Oxidation
Processes for Industrial Efffluent Contaminants Control-A Review’, 2(4). doi:
10.19080/1JESNR.2017.02.555594.

Merayo, N. ef al. (2013) * Assessing the application of advanced oxidation processes, and their
combination with biological treatimert; to effluents from pulp and paper industry’, Jowrnal of Hazardous.
Materials. Elsevier BV, 262, pp. 420-427. doir 10.1016/j.jhazmat.2013.09.005.

Miklos, D. B. ef al. (2018) ‘UV/H202process stability and pilot-scale validation for trace organic
chermcal removal from wastewater treatment plant effluents’, Water Research. Elsevier Ltd, 136, pp.
169-179. doi: 10.1016/j.watres.2018.02.044.

Mirbolooki, H., Amirnezhad, R. and Pendashieh, A. R. (2017) Treatment of high saline textile
wastewater by actlvated sludge microorganisms’, Jowrnal of Applied Research and Techiology.
Universidad Nacional Auténoma de México, Centro de Ciencias Aplicadas y Desarroflo Teenofdgico..
‘This is an open aceess article under the CC BY-NC-ND license (http:/creativecommons.org/licenses/by-
ne-nd/4.0/)., 15(2), pp. 167-172. doi: 10.1016/}jart.2017.01.012.

Mohajerani, M., Mehrvar, M. and Ein-Mozaffari, F. (2010) “An Overview of the Integration of Advanced
‘Oxidation Technologies and other Processes for Water and Wastewater Treatment’, [nternational Journal
of Engineering, 3(2), pp. 120-146. doi: R2..

Muruganandham, M. et af. (2014) “Recent Developments in Homogeneous Advanced Oxidation
Processes for Water and Wastewater Treatment’, 2014.

‘Objec & ves : WW-RRR Products” (2016}, pp. 1-6.

Oller, 1., Malato, 8. and Sinchez-Pérez, 1. A. (2011) “Combination of Advanced Oxidation Processes and
biological treatments for wastewater decontamination-A review’, Science of the Total Environment.
Elsevier B.V., 409(20), pp. 4141-4166. doi: 10.1016/).scitotenv.2010.08.061.

Papoulis, D. et al. (2018) “Materials Science in Semiconductor Processing Halloysite and sepiolite - TiO
2 nanocomposites : Synthesis characterization and photocatalytic activity in three aguatic wastes”,
Materials Science in Semiconductor Processing. Blsevier Ltd, 85(February), pp. 1-8. dot:
10.1016/j.mssp.2018.05.025.

OGWEL DiNAH BU/UG/2015/2312 FINAL PROJECT REPORT
38




Pawar, V. and Gawande, S. (2015} “An overview of the Fenton Process for Industrial Wastewater’,
Journal of Mechanical and Civil Engineering, pp. 127-136.

Rasheed, S. and Kavitha, A. (2014) “A Critical Review on Effluent Treatment for Textiles’, 2(10), pp.
18-21.

Sanchez Pérez, J. A. ef af. (2013) ‘Economic evaluation of a combined photo-Fenton/MBR process using
pesticides as model pollutant. Factors affecting costs’, Journal of Hazardous Materials. Elsevier BV,
244-245, pp. 195-203. doi: 10.1016/j jhazmat.2012.11.015.

Soares, P. A. el al. (2017) “Remediation of a syrithetic textile wastewater from polyester-cotton dyeing
comblmng biological and photochemical oxidation processes’, Separation and Purification Technology.
Elsevier B.V., 172, pp. 450-462. doi: 10. 1016/;. seppur.2016.08.036.

Technology, E. (2014) “Treatment of Dye Wastewater by Sonolysis Process™; 2, pp. 1-6.

Tizaoui, C., Karodia, N. and Aburowais, M. (2010) *Kinetic study of the manganese-based catalytic
tiydrogen peroxide oxidation of a persistent azo-dye’, Jowrnal of Chemical Technology and
Biotechnology, 85(2), pp. 234-242. doi: 10.1002/cth.2293.

Torres-palma, R. A. and Serna-galvis, E. A. (2018) Chapter 7. Sonolysis, Advanced Oxidation Processes
Jfor Wastewater Treatment. Elsevier Inc. doi: 10.1016/B978-0-12-810499-6_.00007-3.

Vadillo, V. er al. (2018) “Supereritical Water Oxidation’, Advanced Oxidation Processes for Wastewater
Treatment: Emerging Green Chemical Technology, pp. 333-358. doi: 10.1016/B978-0-1 2-810499-
6.00010-3. ' '

Vilar, 1. P, et al. (2012) *Biodegradability enhancement of a pesticide-containing bio-treated wastewater
using a solar photo-Fenton treatment step followed by a biological oxidation process’, 6. doi:
10.1016/j.watres.2012.06.038.

Vincenzo Naddeo; A. C. {(2013) “Wastewater Treatment by Combination of Advanced Oxidation
Processes and Conventional Biological Systems®, Journal of Bioremediation & Biodegradation, 4(8). doi:
10.4172/2155-6199.1000208.

Wang, N. ef al. (2015) “A review on Fenton-like processes for organic wastewater treatment’. Elsevier
B.V. doi: 10.1016/j jece.2015.12.016.

Wang, Q., Ma, Y. and Xing, S. (2018) “Chemosphere Comparative study of Cu-based bimetallic oxides
for Fenton-like degradation of organic pollutants’, Chemosphere. Elsevier Ltd, 203, pp. 450-456. doi:
10.1016/).chémosphere.2018.04.013.

Wang, X., Song, Y. and Mai, J. {2008). ‘Combined Fenton oxidation and aerobic biological processes for
treating a surfactant wastewater containing abundant sulfate’,. 160, pp. 344-348. doi:
10.1016/;.jhazmat.2008.02.117.

Yongrui, P. et al. (2015) “Treatment of Partially Hydrolyzed Polyacrylamide Wastewater by Combined
Fenton.Oxidation and. Anaerobic Biological Processes’, CHEMICAL ENGINEERING JOURNAL.
Elsevier B.V. doi: 10.1016/).c¢].2015.01.034.

Zhang, H., Wu, X_and Li, X. (2012) ‘Oxidation and coagulation removal of COD from landfill leachate
by Fered — Fenton process’, Chemical anmeermmfoumal Elsevier B.V., 210, pp. 188-194. doi:
10.1016/.c¢j.2012.08.094.

Zhezhova, S., Risteski, S. and Saska, G. (2014) ‘Methods for waste waters treatment in textile industry’ »
Infemauoml Sc:emrf (Tos Canference ‘UNITECH 2014°, (November), p. Il 1-248-111-252.

OGN RERINAMH BUGRIePI5TR1ARI2 FHE A ARSHETIRERERIRT
3940



	Ogwel 1.pdf
	Ogwel 2.pdf

