ASSESSMENT OF ENVIRONMENTAL IMPACTS OF POOR
WASTE DISPOSAL ON WATER QUALITY.

ANT

A Case study; River Rwizi, Mbarara Municipality, Western Uganda

A AR TR o) s,

BY

MUMANYE ROLAND

BU/UG/2011/180

Supervisor

M/s GIMBO REBECCA

DEPARTMENT OF NATURAL RESOURCES AND ENVIRONMENTAL ECONOMICS

A DISSERTATION SUBMITTED TO FACULTY OF NATURAL RESOURCE AND
ENVIRONMENTAL SCIENCES FOR THE PARTIAL FULFILLMENT FOR THE
REQUIREMENTS OF THE AWARD OF A BACHELOR OF SCIENCE IN
NATURAL RESOURCE ECONOMICS OF BUSITEMA UNIVERSITY.

T I

o MR

JUNE 2014

8. 3¢ it 2 TSR N Ao 1 TSP S T T

s



DECLARATION

I hereby declare that the work in this dissertation is my own original work arrived at through
literature review and fieldwork under the guidance of my supervisor and the help of the water
quality technicians of National Water & Sewerage Corporation-Mbarara. To the best of my
knowledge, it has never been submitted for any academic award in any other university or higher
mstitution of learning. In all cases where other people’s ideas were used, they have been duly

acknowledged by complete references.

Full name of Student: Mumanye Roland
Signature: ;ii"l%"‘;l ..................

Date... 5V, .‘f.‘:] 004



APPROVAL

This work has been thoroughly supervised and approved te have fulfilléd the requirerent
Icading to the award of a bachelor of science in Natural Resouirce Economics of Busitema
University. Therefore, this dissertation has been submitted for examination with. the

approval of the superyisor.
Signatiwre

.....................




DEDICATION
[ dedicate this dissertation to my parents Mr. Mugizi Robert and Mrs. Edridah Mugizi
May God bless you

i



ACKNOWLEDGEMENT

I was not my eapability or aptitude neither was il my prospective to carry out the research
sticcesstully, nor'my knowledge to prepare this dissertation systematically but the total will and
mercy of the Divine Creator who granted me life, wisdom. and Knowlédge. T wish to express my
heartfell appreciation to my Supervisor, M/s Gimbo Rebecca for the patience, guidance and
éncouragement in sll_apiqg this. research study up to the last minute. | am also grateful to staft
members at thie Department of Natural Resources Economics, Namasagali campus, Busitema
University, T am deeply indebted to manageruent and staff of the National Watet and Sewerage
Corporation (NWSC) analytical laboratory-Mbarara area [or the kind of assistance offered 1o me
at various stages during the research. 1 am greatly indebted to- my parents and relatives and with
sincere gratitude, T acknowledge especially my parents for the moral, material, financial and
spiritual support they rendered me before, during and after the course, my sister and brothers
who have always stood by side to support and encourage me.. Alse in special way, 1 thank my
classmates and the entire Christian union of Namasagali ¢ampus Busitenta University, Thank
you for the moral support and a shouider leanon,

TGO ALL, [ SAY; MAY YOU BE BLESSED!



Table of Contents

DECLARATION ..o ene e, e et ettt e e, I
APPROVAL ... et s PN reeinpens e ien et rara et rea s SOOI RC A, S|
DEDICATION ............ abvresrr e frnes eenineed SOV D N SO UDORUPPRUOONY ||
ACKNOWLEDGEMENT ... SOTTPTOPN SUUR U OR R PSURURTOTN r et ettt oV
Listof floures ......ovvvn, erere e reranes ereriaae e e ORI et ears e reras RUTUUTOT I 4
Last of tables. oo, ey e R erenrenaen revanens verh e eerr e aeery vereraars e X
Listol plates, ..o vevnniennnnn eravares e v e aboarr i vt e v tnaans e harne b antoenaners et e e beres e enannny X
LA TBbICVIAONS i it e e et et aan s e e X
ABSTRACT ... it ey R e E ek S b das fa e e £ e e e ¥ e e an Xii
Chapier one: General Inroduction......v.v o, ierreereeh e nnaas vt re ey v e e ar vt werrneiomnne |
1.1 Background 0F 1He SI0AY v v rne e e e e s e e 1
1.2, Problem Statement: v e e erecavnes O S U S R OO ZERT RO PG ST~y
1.3 Objectives of the study......... FS O UUSOUPIP RO SO O OT U PURSURUTUUON e ienens
1.3.1. General objective ... cooe... et et e e RS USRS ORI 2
1.3.28pecific objectives ... rverreanes bt aet et U et e 2
1:4Research qUeSHONs; ............. SR TSV U OO TR TPUOROPSURROPSPITIR.
1.6 Justification of the study; ... RPN ST e e e bt JETUDRTETNOROI 4
1.7 Sigmilicance of the Study ... O TR H SO DU RPNOTOS SN werieannn 4
1,10 Operational Definiions ..o, T S e TS VPRPNOUITON ever iy 5
Chagter two: Literature review .., b arthe i ra e e s et B ORI URPRO B
21 INrOdUCHON . e e IR e [PPSR e ..B
2. 2Water pollution dué to industrial activities ... v Cerenrarage e e et .8
2.3 lmpacts of sewage BFUSNTS oot fotr e A nn e eneees ereions s e 7
2.4 Source watér Managenient ... oo SRS e v Tt oae st e ean s cireeiee: B
2.4,1 Surface water pollBtion .. i ferrenemners SRR ORI &

2.3 Watershed mOionng. ... vivniennrns SRV O IO PO FUPRPO U TOSTR rerieanns D




25,1 Lant USE SUIVEYS....oiuericiiiiens i ioaeeas s stesassnssses s etEeeeirsene e aves s e eese s sess o eeso tee s s E e 9

25,2 Water qUality MOMHOTIIZ vvvrvvvverrrooeciesssesseeseertsn s sasesessnesns oo st s enssemses e i 9

2.5.3 Microbiological water qUality mONIOTIAG «.cvivvrrveririisrreii e eee et e srece s ratint e ensr s 10
2.0 Effects of nutrients in the water........... e s SRR R e e 11
2.7 Effects associated with bacterial pollution’,.....iccovee..... i an s et e e reereeeas 11
2.8 Biodegradable organic-substances ........coo........ NP PUROPB ST e gaa ey e 12.

Chapter (e MEtOAOIOZY vr .. e i i iensrrsiri31simsd s sesisesenieneseavenseses e nsssaenssmeerceossassessrrerieenes 15

3.1 ItEDAUCHON oo N et v vnes oy errease e e eseeae e v e 15
3.2 Study area......o.oinn.... e N PPN SN U e i LG
3.2.1 Location. ........... e ereh e et ae e aees e TR I
3.2.2 Stiidy population. . ...eoes e e e SR

3.3 Research deSiEi i i i s e SO i, 1
3.4 Sampling procedite vt dereearinaen S PO antrrarens b 17
3.5 Sample analysis ..oiineen. e e ferrenreaanerin e rarorere i ne eaa s ane s s e 17
3.6 DAL ATATYSIS .+ -2 veie e vee e et e e e n e e s e e e ettt 19
Chapler Four: ReSUHS And DISCUSSIONS 11 vevviviraverisieriesssesecaserssimsaessrsssesshemarireeemsssesiesensssiaseserson 19
Introduction ... [T SRR e er e e s i easaeesam s O UUTRIPOTIUP 19
4.2 Flectrical conductivity S ¢ VPR v b ira e e is e ertiarr e e 23
4.3 urhidiy rends ... eerens S PP TP NP eererrnreraeiesnenns 28
4.4 Color trendga. ... e er e teraemie et vas st e e e e mga R e feeeth b ianeneen rereeriron e 28
4.3 Nutrienis(Phosphors, Nitrates, Nitrites) irends....... ettt e aaran rererireernan chvireranatinniens 28
4.5.1 Phosphorus iends ......... ORI s v e e v ceievirre e reneseens 2B
4.5.2 Nitrates trends .ooe.e. i — ermeinarons SRUPIIO PP OTIy 4
5.3 Nitrites Urends o covione i crennnes JRR e nar e e b e e i 27

.6 o1al alkalinity, Total hardiess. Total BCIGHY TS vive v s e 20
4,61 Total alkalmity trends ..o PO SRR OO ORI S e, 28
.0, 2Total havdness wends .o U OUPPRS e earee e e 29

vi




4.7 Bacleriological analysis trends ;..o opmnrnvicninns e et e s e e e n siornenns 30
4.8.1 Temperature trends ... e v rartr e —eean eieae et ans v S e rrara b e enas i 31
4.8, 20XYLEN CONCENTAION ITENGS . 11vesvcarearaevverieiiosEenie e soreasieesesdetesseneeeeressssasies e eees s easons RIS /4
4.9Temporal trends of the water quality paramieters in different sites e i eieseean s 33
A9 SHE | v, et tavieenDisams e e rnar e e b et ene s e s araneraere aares S RTRUPTRRURPRI. 7

4.9.1bTotal alkalinity, total acidity, tofal hardness and conductivity ‘trends in different months. ..... 35
4.928ite 2 i e, R e, e e et s e reenss 3B

4.9.2a Oxygen cancentration, Nitrates, Nitrites, Phosphorus, Temperature mean value trends: in

different months o....oceee.. e rerersae et o J U SURTUURORPURRING |3 ¥
4.9.2b Total atkalinity, total ac-idity; total hardness and conduetivity trends in.different mouths, ... 38
4938ie 3, e aans e iverieen et aneniverarea bttt e SOTURTIT AT OTUe e 39

4,9.3a Oxygen coticentration, Nilrates, Nitrites, Phosphiorus, Tempeérature iean value tvends in

difterent months v iininrerine v G bedirr s bt e b s e e et e pnay ST e e s .39
4.9.3bTotal alkalinity, total-a¢idity, total hardness and ¢onductivity trends in different months. ..... 40
494 Site 4,......... e e e s TR crregnis &1

4.9.4a ()&ygmn cmcerf;{ratioij, Ni_trat'c_s,Nitrit_es, Phesphorus, Temperature mean-value trends in

dilferent mOnthS. ..o e PIUTOTR e et en e e T 41.
4.9 4h Total alkalinity, 1otal acidity, total hardness and conductivity trends in different months, ... 42
49,5 SHE S vervceroresreresreoeenreror e, e et r et e er e e 43

4.9.52 Oxygen concentration, Nitrates, Nittites, Phiosphorus, Temperature mean value trends in

FITEIENE MONIHS oottt eee e eeiree s erereereaeeereees e b vt n e R eeeevrrer et 43

4.9.5b Total allalinity, 1otal acidity, total hardness and conductivity trends in different moniths...... 44

4.10 Relitionships between different water parameters............ e i TR reemienniin 45
A2 PHEand TUrbIdity .o i e e s 46
4.10.4 Nitrates and Tarbidity c e o 48

Chapter Five: Conelusions and Recommendations ... vt maieinnses oo 49

T O 1Y 1o ot rev et s ee b v e vsesareer e rrbe s ieseesee saanraenres ra e an e s e e pnr e eeean e oo rneReaseeanen hgeehe e e daeaabed 49




L
e
=
o
=
2,
=2
e
t4 )
B
<u]

3.2 Recommendations and [Uture teSEarch .. ouiiiivi i s e ian e n s e 50
LIST OF REFERENCES . cv.... oot vess s seeemsssebareaiosabeso e osseeseies e snseesseonosesessesess eeverererresenernrn 51
APPENDICES ittt B TP ORI 53

APPENDIX F:Plates showing some of the selected samphing Sies:......ivivreiivesioenmmmeicnanon s, 53

APPENDIX 2: Plates showing the view of river Rwizi at different sampling sil€s v voevr v 54

APPENDIX 3:Plates showing the laboratory 6F NWSC and measurement ol waste wiler from walter

TEAMIENT PIATIL oo s e e it e e s e er s PR TR ST .55

vifl




List of figures

Figure 3.1: Map of river Rwizj in Mbarara municipality showing the locations ‘of sampling sites..
Figure 4.1: PH trends at the different sampling sites during the sampling period. |
Figure 4.2: Electrical conductivity trends at the different sampling sites during the sampling
neriod.
Figure 4.3 Turbidity trends at the different samplicg sites dur‘ing_ the sampling period.

Figure 4,4 color trénds at the different sampling sites during the samipling period.

Figure 4.5 Nitrates, Nitrites, Phosphorus trends at the different sampling sités. during the
sampling period.

Figure 4.6 total alkalinity, total acidity, total harduess trénds at the different sampling sites duting
the sampling périod,

Figure'd.7 Bacteriological analysis trends at the different sites during the sampling peried,
Fioure 4.8 Temperature, oxygen concentration trends at the different sampling sites.during the
simpling period.
Figured 9.1 02, NO3. NO2, P, TEMP trends for site 1 in different months,
Figure 4.9.2 Total alkalinity, {otal.acidity, total hardness, conduetivity trends for site 1 in
ditferent months.

Figure 4.9.2 02, NQ3, NO2, P, Temp trends for site 2 in different months.

Figure 4.9.4 Total alkalinity, total a‘r_:idity,'total_ hardness, conductivity trends for site 2 in
«ifferent months.

Figure4.9.3 02, NO3, NO2, P, Temp trends for site 3 in different months.

Pigure 4.9.6 Total alkalinity, total acidity, total hardness and conductivity trends forsile 3 in
different months,

Fivure 4.9.4 02, NO3, NO2, P, Temp trends for site 4 indifferent months,

Figure 4.9.8 Total alkalinity, total acidity, total hiardness and conductivity trends for site 4 in
different months.

Figure 4.9.5 02, NO3, NOZ, P, Temp trends for site 5 i different months.

Figure 4.9.10 Total alkalinity, total acidity, total hardness and conductivity trends for site 5 in
difterent months.

Figure 4.1(.1 Temperature and Conductivity




Figure 4.10.2 PH and Turbidity
Figure-4.10.3 PH and Oxygen
Figure 4.10.4 Nitrates and Turbidity

List of tables

Tabile 1; Mean values of water parameters in. different sampling sites.

Table 2: Characteristics and human or economic activities in different sampling sites of river

Rwizi
Table 3! Difterent wastes disposed into river Rwizi

Table 4: Values of water parameters for different months in ditferent sampling sites

List of plates

Plate 1 Sewage effluent from Katete to river Rwizi

Plate 2: Collection of water samples from NWSC at Nyamitanga site

Plate 3: View of Ruharo site and Kakoba:site.

Plate 4: View of Kakobd site

Plate'5: testing for conductivity and temperature of water at water treatment plant

Plaie 6: NWSC laboratory at Ruharo site




List of abbreviations
AQAC: Association of Official Analytical Chemists
BOD: Biological Oxygen Deimand
CFU: Colony Foring Unit
COD: Chemical Oxygen Demand
EPA: Enviroament Protection Agency
FTU: Formazin Turbidity Unit
LVEMP: Lake Victoria Environmental Mariagenent Project
mgl: milligrams per litre.
mb:  mililires
MST : Microbial Source Tracking
NEMA: National Environment Management Autbority
NTU: Nephelometrie Turbidity Unit
NWSC: National Water & Sewerage Corporation
SWAP: Source Water Assessment Programs:
TDS: Total Dissolved Solids
TDS: Total Dissolved Solids
WHO: World Health Ovganization

xi




ABSTRACT

The environmental impacts of poor waste disposal on quality of water of river Rwizi weré
assessed so that preventive measures may be taken. The increasing human activities such as
deforestation, industrialization have led to the degradation of the environment thus increasing the
degree of the disposal of wastes into river Rwizi. Sampling sites were selected based on areas
with active human activities, the wastes deposited and physical characteristics of the areas.
Samples for-water chemiisiry analysis were. collected in duplicate in.the morning for a period of
four months (December 2013, January 2014, February201l4 and Maich2014) . An automated
sampler was used to get the values of parameters such as conductivity, pH and temperature
collected in four months and analyzed. In this study the statistical package used for analysis was
. SPSS and MS excel.

pH (ranged from 5.55 to 10.75), conductivity (ranged from 79.95uSem-tto 88.95uSem-1),
wrbidity (ranged from 53.025NTUts 71.425 NTU), color (ranged from 414PTUte 533PTU),
bactericlogical analysis (ranged from 106.5CFU/100n to 141.5CFU/100ml), total alkalinity
ranged from 35.75mg/l 0 79.3mg/l), total acidity(ranged from 43mg/l to 66.5mgl}, total
hardness{ranged from 43mg/l to -81.251ngf1);_ oxygen concentration (ranged from S.4mg/l 1o
$.073mg/l), nitrates (vanged from 10.875um t018.925um), nitrites (ranged from 14.85um to
24.725um), phosphorus (ranged from 4.595um 1o 14:97um), temperature (ranged from17.225°C
to 25.2°C). These values were comparable lo those identified by NEMA for water contaminated
by wastes for all water resources. Phosphorus was below the detection limits at site 1.

Tt was found that there is a high degree of waste disposal into river Rwizi and recommendations
on reduction of wastes disposed in the river Rwizi and conserving the environment around river
Rwizi were made, Sources of wastes disposed in the river Rwizi include the human and
cconemic aclivities taking ptace around river Rwizi such as sand mining, brick making, water
tieatment production plants, agricultural ‘activities, Construction, motor vehicle garage, sewage

treatment plants.

Kevwords: Enviromnental impact, Waste disposal, Water qrality.
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Chapter one: General Introduction

{.I Background of the study

River Rwizi intersects almost five districts located in south western Uganda including Mbarara,
Bushenyi, ;'Ttungamo, and Buhwc_ju among others. river Rwizi originates from the Buliweju hills
with seme tributaries from ‘ther parts of Ankole region and pours its waters into lake Victoria
via ihe kooki lakes (Mburo, Kachera, Naively, Kijanebarola, ) System, It is the major inflow
intol.ake Mburo and other lakes in the system. This river Rwizi is the major source of the thain
cconomic activities in the districts-and most of these activities take place within the river Rwizi
igelf and others take place” within the catchment. Such aetivities include water abstraction,
sewage treatment, cattle rearing, brick making, bagket making, agrieulture ﬁ'nd agro-forestry and
many other practices. These activities are all done withoul notification of downstream users and
as o resuit river Rwizi has deteriorated both in quantity and quality including drying up of
wetlands around, fringing viver Rwizi, The total quantity of nutrients discharged into surface
waters in river Rwizi basin is normally larger than the nutrient load at the river Rwizi mouth and
such discrepancy is explained. by the process of nutrient retention which is a collective
expression for a large number of biogeochemical and hydro]ogjca’] processes that temporarily
decredse, decay, degrade; transform or permanently retard and remove the substances tioim the.
river Rwizi channel. Urban Rivers, streams and wetlands are susceptible to poellution and so,
river Rwizi in western Uganda faces a similar problem. This river Rwizi is a source. ol witer [or
LIOHT@S[?G. industrial and Agricultural activities for Mbarara municipality but due to poor waste
disposal, proliferation of motor garages, washing bays, hotels, hospitals, schools and. industrial
setups, its water quality could have got compromised. The proposed study at five sampling sites
(including entry and exit from the municipality) seeks. to assess the water quality of this section
of tie-river Rwizi using Biological Agents like faccalcoli forms which acted as an indicator {or
waler qualily, The-changes of the mentioned biological variables will be assessed_con_sid_ering Lhe
seasonal variations. The information generated [rom this study will be used by relevant
stakeliolders in waler munagement to design measuies aimed al reducnig water poltution and

make it safe for human and animal consumption.
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