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ABSTRACT

The abattoir (meat processing industry) is one of the largest consumers of total freshwater used
in ‘the agricultural and livestock industry worldwide. Abattoir produce large amounts of
slaughterhouse wastewater (SWW) because of the slaughtering process and cleaning of facilities.
SWWs need significant treatment for a sustainable and safe discharge to the environment due to
the high content of organics and nutrients. Due to the percentage of wash wastewater discharged,
there is a lot of wash wastewater that needs to be recycled and reused. In Iganga municipality,
abattoir wash wastewater. is discharged to the environment without prior treatment hence
polluting the environment and wasted water. Poor management of wash wastewater at the
abattoir has led to poor sanitation within and afound it, has also led to increased disposed
wastewater vohume, has alse led to pollution of domestic water sources like wells; borehales etc.,
has also led to increased bad smell and edors misuse. The purpose of the design project was to
design a wash wastewater recycling system that would help to manage the wash wastewater and
also supplement on the available source of water. Wash wastewater quality was determined by
collecting’ samples and taking them to the laboratory for analysis, generated quantity of ‘wash

wastewater was determined dependin_g on the total waier consumption by the abattoir.

Design of various components of the wash wastewater treatment and recycling system was done
using the given relevant formulas and equation. From the research, wash wastewater being
generated currently was 2636 liters per day and projecting for a month 73808litres per day was
estimated. The wash wastewater being discharged showed poor physical, biological
characteristics and thus needs treatment before reuse. Diversion pipes, collection chamber was
sized then treatment units where oné sedimentation tank, Aerated lagoon, Disinfectant tank, then
distribution clear tank, pumping unit, distribution pipe and head tank were sized. An economic
evaluation of the system was done using benefit cost ratio approach and it was found to be 1.35
this meant that the project was feasible and thus should be implemented at the abatfoir to curb
the problem of poor wastewater management. The possibility of using the preliminary; primary;
secondary and tertiary processes for slaugliterhouse wastewater treatment was investigated. The
results showed that the processes could be an efficient purification method. Its application
resulted in about 99 % and 98 % removal of total suspended solids and total dissolved solids
respectively. The removat efficiency of COD and BOD3 exceeded 94 %.

~ KUTESA SCOVIA BU/UP /2014 /583 Page | i



DECLARATION
I KUTESA SCOVIA hereby declare that, this report is work of my hands and has never been

presented by any person or institution for an academic award

KUTESA SCOVIA BU/UP/2014 /583 Page | ii



APPROVAL
This is to certify that this report was compiled by KUTESA SCOVIA, registration number
BU/UP/2014/583 on the account of the project résearch for the award of a Bachelor™s Degree in

Water Resources Engineering at Busitema University
Approved by;

Main Supervisor

Madam. NABATEREGA RESTY

Signature....... SR ettt aas

Co-supervisor

Mr. SSERUMAGA PAUL

KUTESA SCOVIA BU/UP/2014/583 Page | iii




DEDICATION

I dedicate this Project to my Mummy, Namwase Florence, Daddy, Wagubi Robert, my sisters
and brothers for their moral, spiritual and financial support and to all my dear friends for their
social support, my reldtives for their constant encouragement and my university, Busitema

University, for nurturing me int¢ who I am today. l.am glad of you all.

. KUTESA SCOVIA BU/UP /2014 /583 Page | iv




ACKNOWLEDGEMENTS
I am very grateful to the Almighty God for the protection, guidance and good health He has
provided to me. Sincere appreciations go to my Supervisors Mrs. Nabateraga Resty and Mr.

Sserumaga Paul who ensured that I acquired full knowledge and assistance where I needed.

[ would like to thank the staff in the department of Mining and Water Resources engineering
Busitema uni.versit’y especially Mr. Joseph Ddumba Lwanyaga for his guidance and assistance

during the design project.

I appreciate my guardian Mr. Mwogeza Paul and Tenywa Peter for the support he has extended
to me in order to attaint quality éducation. May the Almighty God bless the works of his hands!

Finally, I give credit to my fellow finalists who have always told me inspiring words of cournisel

and wisdom. May the Good Lord bless and reward them with success.

'+ KUTESA SCOVIA BU/UP/2014/583 Page | v




TABLE OF CONTENTS

ABSTRACT oo e S et et e seemme e ee eeeeeeeeeeann R |
DECLARATION.......cooeeeeecererceneenene Aremreearreeesaatsaae anngEbsA b rareramrntrad rereeaerener et marentaetesans evareraens ii
APPROVAL ........... e ereee e eeees oo st st sn s snsesessorssntonseesimnsnsessassivers 111
DEDICATION oo+ e eeieeieeesseessr st e eeoreesersesestessessssssessesesosseasssessasssesssosssccmremsenessamesemsesesooneroe iy
ACKNOWLEDGEMENTS....coco e cesreeesesasisasssnarsmssrasssssasfassssssessssssmmasaressssenssnsasretsacsnissasoneivensesV
LIST OF TABLES......cccoeneerne. eresattenreneneanatenareas eneeemtravashaeasneeanaeeaeenanaas aetcreseenersasasnanarsennas 154
LIST OF FIGURES .ooevesooec e oermemmeeeeernereenon bereeste et reaeenmseeme et seess st X
LIST OF ACRONYMS......... venvrssarasens Areesetuesaaseetrsemmsasi oesassasas s asanir aearrebasans cereresesesiee s eraresaneen xi
CHAPTER ONE: INTRODUCTION oo eeeeeereieecsseoecsssmsesssasssssesssssessosnsssaseans SO
1.1 BACKGROUND........... S oo SO |
1.2 PROBLEM STATEMENT.......ooocerermreneeianssererssseraianas b amebsreesntssuisptseratanantsaon rerreenaeerians 2
1.3 PURPOSE OF THE STUDY......cccoouumrrmmeeriorrerreesrssses et eseeesees s reniesoreseeisens
1.4 JUSTIFICATION oo oetoeoeeomaemseseceseseessseseesseseseiestesessscrcesemmasseeseeessssees oo i3
1.5 OBJECTIVES ... eovvooessreoe. e erreereeerereneen e eee et N 3
1.5.1 MAIN OBJECTIVE o reesmciseeasvanseersiesesssssemsansis s aveserssassssssasansnsans eeevreciaian i
1.5.2 SPECIFIC OBJECTIVES.....ccoociommmruenes SO eeierinanens et sesesseeens I
1.5.2 SCOPE OF STUDY .ooorrovor e st eees e eeesene eeeeeeees e s 4
2.1.0 Wash Waste Waler COMPOSTEHON .covereecririeevrrrsvserserarenssaersssianesirrresemtssansssessaniasi seresssessssessens 5
2.1.1 Importance of waste water recycling................ eeeriaeakeomm e e eaaneeanesamnene reeernmens S 5
2.2.0 Wastewater Quantification and CharacteHZation ....cov..oveeeeeeeeeemecevrrcrrecinsvesssaeremremsessosssivees0
2.2.1 Quantification OF WaSIEWALET coueueeresioseeeerreervsseess s sas s s ravamenisersinseasssmsasiarsmmrsesrerrenrasesenans 6
2.2.2 Wash wastewater quality parameters............cco.ove.... R eteeveeseesen e as e eamsene s .7

2.3 SAmPling ......oreceeerececermnrarienaes et stetasieaei ot s eAets e ronn e e e sasna et s maremeens eeeereeensearsiseennn 11
2.4 Design of wash wastewater treatment and Recycling SYStem .....cvceecueereeeeseseaveeeivainrrereeens 12
2.4.1 Wash water collection........... aaoraneaseenene Araminssmsenansrananrasssssas ereenerresesine st easenereeasns reverreeiee 12
2.4.2 Wash WasteWater tEAIMEII «........co.ereeciereiosioserrseesessiesssessssionnintessessrmsnssses [T 14
2.4.3 Distribution of the treated Water .......comeereeveemeerneene BRI ¥

2.5 SIMUIETON - coe et i vt denresineans st ennsbeeeeneranes reeeseeeneresieneeenemroes SRUORR £
2.5.1 Reasons for simulation aPPHCAIONS .....oerserecceercermroreseessseseassevesersessssssessesssasssanssssens 18
2.5.2 Limitations of SIMUlations ........cceveeeririiennseeeesesessiasssemsesermseseees erastasreressssnsiars W 18
2.5.3 Simulation soft wares ............ e arsneaeraneieesaanesennes seaaensesstsans rierranarasassanitnsatenteeonses e L

KUTESA SCOVIA BU/UP /2014 /583 Page | vi




2.5.4 DESIZN SOFt WATES ..ucevveereecscaeeesvessrersssiinsenersrennas eeeeseusrivsaeresaseesat st esreremennes reeeenenas 19

2.6 ECOROMC EVAIUATION -.oieveeiereeeseenaasenmsseermsssessmsersessisseassersesescmeee eareteeeterareesearsesnnas erevennrianes 19
2.6.1 Methods of Economic. Analysis......oececccroeescesensereeeene eerneeenrieneinaensanns SRR |
3.1.0-Study Sit€ ...cveeverrenraes eatterataeeeeannonan emerneveagean Y OO P OO UYPUROROIND.))
3.2 Quantification of wastewater generated from Iganga municipality slaughterhouse ...........22
KRR, G315 1 1) YOO eeteth et as e bas e renaneeas erverensresrasenaeans 22
3.2.2 Sample CONECHON. ..vrvvvrrrrnmereaeeemeesinsssssssseesieseranceas eeeerreerennennserenes ST
3.3.0 Characterization 0F Wash WASIEWALET ....c..eeccceransrissesssienensresssnssssssssssmomsmtmsnsressinssesnss 23
3.3.1 Measurement of Total suspended solids (Spectrophotometer method)............... corrernr23
3.3.1.1 Sample collection preservation and SLOTAZE «.vveveerervoveveeneen. eereetreesensersrseessenesareseans 23
3.3.2 Determination of Chemical Oxygen Demand (Closed Reflux)......c....... rereeeerereraeaanras 24
3.3.3 Measurement of Biological Oxygen Demand (Oxygen Electrode Method). ............... 25
3.3.4 Determination of Total Dissolved solids (spectrophotometer)............... ereesmnreerrininsi 26
3.3.5 Measurement of Total Phosphorous (SPeCtrophOtOMEtEr).... ... v v reeseeremesmrernoeesesenses 28
3.3.6 Determination of Nitrogen (Kjeldahi method) ...c.ocoveoreennecvncnrercecrconens SRN/A° S
3.4 Design of components of 2 wastewater recycling system ............ remeaseeisasuenen SN 11
3.4.1 Wash wastewater collecHorn Bilits....oocveeve v eereserennns rasseeaeeresrrastesanara v anss repatesisnanessa g )
3.5.2 Wash wastewater tregtment UNILS ..o vameeerecssecssenseemssssanssseassesssonssrensisssesssnssssssssasss 32
3.5.3 DiStribution 0f the TEAtEAd WALET .........vueeeeersvsresensissasssesessansnsssansssmsssrssseressessassessnssanes 35
3.6 SIMUIATION. . e.eerereecsirericairicsensecrasereeennssesansssssasnsesemtasesssseseesstonsnsssnssestasssessatsisssinsnsasrtesancns 36
3.6.1 Data analysis methods ........ccovvverennnee aereanes vetbeernmsnnaesacaasentannes ermeeseeaenessstesnesens eerenens 36
3.7 Economic cvaluation ........... eereevesisainasraeeeanne fumernasbieaiasbenener i eser ey be b e rsnees UUTUUUURIC ¥
CHARPTER FOUR: RESULTS AND DISCUSSION ....cccomuomecermeemnsmnsesscceasesoseserssssensaessicessanse 38
4.1 Introduction............... creersaeasneionteranarrenss resirervesstiennerannanans reieteninsearasnrnnnns erteeriambneneiateansaas 38
4.1.2 Wash wastewater characterization................ mmrerervmneree b eaneanns resresestaseeasessteeenreenr eaenens 39
4.2 Design of wash wastewater recycling system components ........ eereaerentnrees SUORROROU )
4.2 . 1Wash wasteWater COLIECHOM o eeeeeeeeerrviceereeeereeasormeoneeaneeoerseeas eree et ivastsseemmeaienraanesanerne .42
4.2.2 Wastewater treattnent WnitS. ... cmv.erecscossecmersrensas S reerseseneserssmessnmssesssssnsrsnsenees A3
4.2.3 Distribution of treated Water.......coceceeeeecrrmresvecreearens eetreraerans s seenatesasesennnen eeeneenasarend 49
4.3 Simulation of the wash wastewater TeCYClNE SYSIEIM ...cuoerrriverererere e seissveceme s ecensssseseanes 53
4.4 Economic analysis of the recycling system.................. Ceeereraa e snp e saranen eemveiesmbrananasnentans 54
4.4.1 Benefits Of the SYSLEM..u.vvr oo verereossasereeeseonseereesemnns emtiesraninsnenisennanensansseenrraisinnsnas 34

KUTESA SCOVIA BU / UP /2014 /583 Page | vii




4.4.2. Cost OF the SYSEIN cvveursrarearceivassnsnsaeriesnisnssnsensassensns IO ereerane et s nen 55

4,4.3 Benefit cost Fatio analySIS .. v iecoieicr e rrrsreess s srasiessenessassessnssescasnsarivarsessinionsansssenas 60

5.1 ConcluSiON .....ceeeceeeeeecieceene e e raseees e ssaeens eeeessrivesteessatevessesssesssssatossevenqeressasessans STEPUN . A
5.1 ReCOMMEIUALIONS. .. cvvuriversrmrrarnrsacearssageraensamesesacasenssserenisnsisssistsnmssstemsnsrarsssssasensassnsntsnsises 62
5.2 CONCEPTUAL DESIGN ...oorveciurarnrmsssssssssssasesossssssnssssstassssssesssesssossssnssessssseersessssssasenssss 63
REFERENGQGES ..ot ioeeecieemimecrnsesinreensstecasassassastnarasssessssstestasessassnsnssssmessasavesssissasenssasmsasassisavenes 64
APPENDICES ... eevcecreeceneeni e et neseneatates e ne et en e as st ks ra geenEEae et ey tin s rerearaseatas e s 66
APPENDIX 1; Significant studentized tange for 5% and 1% level multiple range test ........... 66
APPENDIX 2; Quantifying wastewater and Drainage channel .............ov.en...... reeereeresenerannnaans 66
APPENDIX 3; National Standards fOr WaSIEWALET c....cu..veecureeesreeoreeeseseseeenrseressseeesemsssessssessasees 67
APPENDIX 4; Digestion.......o.o..... eveeerneemsennees erteeem oo re s seasbietoeesennoned it reeeeoenmanian .68

KUTESA SCOVIA BU/UP /2014 /583 Page | viii




LIST OF TABLES

Table 1: slaughterhonse wastewater characterization ............. rrreeraeraseenen rerereetaenssvrasgrermssasenses 1O
Table 2: Procedure ..................... renteeenees reramrereeaenn s eaarrraereniiacens eetveesaverrteesseassersesaanesaanes 30
Table 3: Design criteria fora scdlmentatmn tank . reraonesanabee s Rttt st reamersnrineas 33
Table 4: Model inputs and outputs ............c.ccooieceniizmreecenens eeeeneseantisaeacins rasvnre renrsereranaszsnesnnins 30
Table 5: Total SlaughterNoUSE WASIEWALET ....eceesvenrereuerrereeieeseesseerasesenisessassassnsasasssenssassassssasesassence 38
Table 6: Total average slaughterhouse wastewater based on daily, weekly, monthly, and yearly

BENETALION c.oeceiirvercrcaereremrssaesiosebeesssaresares s asasissnsansrmemennransrenreesseanass reenenennes e ernraans SO .38
Table 7: Wastewater Results from the laboratory ................................................................... 39
Table 8: ANOVA for wastewater samples teSted..........ovmerevereueeererseceeinien e sereiimarssnseresssnsnsees 41
Table 9: Characteristics of slaughterhouse wastewater after the treatment processes ........41
Table 10: Impact of treatment unit en the wash wastewater quahty .................... nresnennnnanee 49
Table 11: supply and distribution pipes, fittings of head tank to the tonlet system ISR 14
Table 12: Toilet system components-and fHENSS ... e 52
Table 13: Pipes needed and their sizes for drainage in a tollet system ........... eeeserrreaa e ean 53
Table 14: Menetary terms attached to health benefits of the system ....... esrneean rereneeanneneenees 54
Table 15: Monetary terms attached to benefit 2 of the SYSECHL. ...cereeivinnrnssrnniriansrnrnesneasens PN o
Table 16: Costing of the GHStrABREON SYSEEML. ... oo cnisiniae e eneistns s beien s ssmseneninsnseers
Table 17: Chlorine costing of the entire system during operation............c...c.ocee.... . |
Table 18: Costing 0f PP ....oocoooeee ittt reeneensas e s sas s werens ST
Table 19: Costing of Overhead Tank..................... eieteereanien e eaeanrta s N eerenrerusrens: .57
Table 20: Costing of the Aerated Lagoon....................... eesemevararerans S rareresareenne st saseneaene 58
Table 21: Operation and Maintenance costing of the system..._ ................ rrerenarensecerarens 30
Table 22: Summary of the 1otal COSES.......... o orecraecnrinrae e e e ssrr s eassresnees R 60
Table 23: Summary of total costs and total benefits reereoeresetrantaaansas rerrerenernrererans e ereeaaenees .60

KUTESA SCOVIA BU/UP/2014/583 Page | 1X




1

LIST OF FIGURES

Figure 1: The schematic diagram of the screen ..........ccnneneeeene.n.e. eeeeeenmaes trenrensrtreireraeseanreran 13
Figure 2: Arial view of aerated Iagoomn SYSTeM..............cccoueereueceensrercesearsieessassesssssseseseeserensns L7
Figure 3: Collection and measuring of wastewater ...........cccooooveeiieieeeveeeeeeermrecaerarvesanreens 23
Figure 4: Samples in plastic bottles............c..coceoervivrimnrerceennans rereeressarieeesaeearens S S .23
Figure 5: The cross section view of sedunentatmn desngn ....... revvanarsasressaieraressbrereseneasennsnrasselh 1
Figure 6: Aerated pond plan design Hayout...............cciooeiveninenrneencisnesseeens ROURROROURORORT
Figure 7: Aerated lagoon typical sectioi ............. resiaeearat s s st nentas s sbenensnedarainnereernensaned eveeness 48
Figure 8: PURIP CUIVE...cu.civneereeecee oo nvecesenns benveneesanen T S ¥ |

KUTESA SCOVIA BU/UP/ 2014/ 583 Page | x



LIST OF ACRONYMS

BOD Biological oxygen demand

COD Chemical oxygen demand

TSS ‘Total suspended solids

™ Total Nitrogen

TP Total Phosphorus

SWW Slanghterhouse wastewater

MPPs Meat processing plants

EPA Environment protection Agerncy
PH Power of hydrogen ion

WHO World health organization

EDA Electronic design automation

NPV Net present value

IRR Internal rate of retutns

NWSC National water and Sewerage Corporation
TOC Total organic carbon

m meier

mim millimeters

mg/l milligram

WWTP Wastewater treatment processes

KUTESA SCOVIA BU /UP /2014 /583

Page | xi



CHAPTER ONE: INTRODUCTION
This chapter entails relevant information about the project, problem statement, and justification,

objectives of the study, purpose of the study and the scope of the study.

1.1 BACKGROUND

The treatment and re-use of wastewater worldwide is of prime importance for identifying new
water resources for increased water demand, ‘wastewater management and to find economical
ways to meet increasing more stringent discharge standards-and environmental and public health
reasons. It is nécessary to reduce on the fresh water consumption by getting alternative water
sources to optimize the fresh water use efficiency through reuse options(Pitt, 2000). This design

project focuses on the wash wastewater recycling as the alternative source.

Worldwide, slaughterhouses produce large amount of wastewater from the slaughtering of
animals and cleaning of slaughterhouse facilities' Up to 24% of the water used in the food and
beverage industry is from the meat processing (Widiasa and Johari, 2011). Slaughterhouses and
meat processing plants (MPPs) are part of a large industry worldwide. Due to the percentage of
wash water discharged, there is a lot. of wash water discharged that need to be recycled and

reused.

Because of high rates of meat consumption, cities face serious problems of high volumes of
wastewater characterized by inadequate disposal technologies, high costs of management and the
adverse impact of wastewater on the environment (Widiasa and Johari, 2011). Abattoirs or

slaughter houses are a- major source of water and air pollution worldwide.

Iganga municipal abattoir is a slaughter house and was donated by the Austrian government
through united leather project and commissioned by the minister of state, Agriculture, animal
industry and fisheries (Administrator and Meat inspector Iganga municipal council). It is a
system assembled to produce quality and safe meat for human consumption and as a disease
control, the abattoir sloters 406 animals per week (280 shoats and 126 cattle). During the
production of meat for human consumption 73.8m3/day of wastewater is being produced.
Currently, there is no organized system for wastewater generated in Iganga municipal abattoir.

All this wastewater is discharged to the environment thus negatively impacting the environment.
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