BLUSITEMA
LIMIVERSITY

BUSITEMA UNIVERSITY

FACULTY OF NATURAL RESOURCES AND ENVIRONMENTAL SCIENCES

Diurnal Variations of Dissolved Oxygen Concentration in a Pilot-scale s High
Rate Algal Pond System Utilizing Water from River Nile at Namasagali
Campus, Busitema University: Implications for Water Reuse in Aquaculture

BY

NAMAGANDA JILDAH

BU/UP/2021/3049

RESEARCH PROPOSAL SUBMITTED TO THE FACULTY OF NATURAL
RESOURCES AND ENVIRONMENTAL SCIENCES IN PARTIAL FULFILMENT OF
THE REQUIREMENT FOR THE AWARD OF THE DEGREE IN FISHERIES AND
WATER RESOURCE MANAGEMENT AT BUSITEMA UNIVERSITY

SEPTEMBER 2024



DECLARATION
I, Namaganda Jildah, declare that this research titled Diurnal variations of dissolved oxygen
concentration in a pilot-scale high algal pond system utilizing water from River Nile at
Namasagali campus, Busitema University is my original work. It is the culmination of my efforts
and contributions, conducted under Dr. Tebitendwa Sylvie Muwanga's guidance and supervision

towards completing my bachelor of science in Fisheries and Water Resource Management.

SIGNATURE: ...

NAMAGANDA JILDAH



APPROVAL

This is to certify that this research has been submitted with my approval as supervisor.

Signature.........ccoeceeeeeerennenen.

Dr. Tebitendwa Sylvie Muwanga (Supervisor)



DEDICATION

I dedicate this research work to My Family Members especially my parents Mr. Tezita Moses
and Mrs. Kagoya Susan whose unwavering support, prayers, and encouragement have been my
guiding light throughout this journey and Dr.Tebitendwa Sylvie Muwanga (Busitema University,
Research Supervisor) whose cooperation and insights have enriched this research and its
findings. Your love, guidance, encouragement, and understanding have been instrumental in
shaping this endeavor. This work stands as a tribute to your support and the inspiration drawn
from your experiences. Above all, I give glory and honor back to God who has gifted me with

His spirit and life amidst my trials during my research up to now.



ACKNOWLEDGEMENTS

I am thankful for the laboratory assistance gained from the staff members of Maritime institute,
Busitema University, Kamuli Uganda. I am mainly appreciative for the efforts from Mr.

Sentongo Oscar who helped me during sample collection on time.

Special thanks go to Dr. Tebitendwa Sylvie Muwanga, Lecturer Busitema University who has
been with me from the time of the proposal development to this time when the thesis is
accomplished. I am really thankful for your guidance, encouragement and more especially,

editing my work and providing me with the relevant literature.

Lastly but not least, I am honored to appreciate my family, more especially my parents, Mr.
Tezita Moses and Mrs. Kagoya Suzan whose encouragement was a great driver in the

completion of this thesis



TABLE OF CONTENTS

DECLARATION.....ceuiiiiitistrrir sttt ettt bbbttt ettt i
APPROVAL ...ttt ettt bbbt ii
DEDICATION. ...ttt sttt bbb es et sttt sttt e e s et et ettt et etebebebesesenenes iii
ACKNOWLEDGEMENTS ...ttt esenenas iv
LIST OF ACRONYMS ...ttt bbbttt ettt bebebenes ix
ABSTRACT ...ttt ettt ettt bbbt eb et X
CHAPTER ONE: INTRODUCTION ....ccootiiriririiririririeieieie ettt 1
1.1 BACKEIOUNA.......ceiiiiiiiee bbbttt 1
1.2 PrODICM STALEIMENL ...ttt ettt ettt ettt e e st e s e s ebenans 3
1.3 Aim and objectives Of the STUAY ........cccirriiiiii s 3
1.3 1IMAAIN ODJECHIVE. ...ttt bbbttt sttt b e 3
1.3.2 SPECITIC ODJECTIVES....vuviviviiiiiiiiiitrir sttt bbb 4
1.4 RESCATCR QUESLIONS ...ttt 4
1.5 Significance of the STUAY........ccoeviiieiiiiiiiic s 4
1.6 SCOPE OF the STUAY ...t 4
CHAPTER TWO ..ottt ettt bbb 5
LITERATURE REVIEW ...ttt 5
2.1 High rate algal pond SYSTEIMS .......ccvirriiiriiieiicieicicicceeciccc ettt 5
2.2 Dissolved 0XYZEN (DO) ...ttt 6
2.3 Factors influencing dissolved oxygen concentration in HRAPS ........ccccooeiveiniincininncnc, 7
2.3.1 TEOMPETALUTE ....cueevenieiiieiiieieieiesieee ettt ettt ettt b et b et b et e b et et et eb et e st st e st et e st sbeneebenees 7
2.3.2 LIGIE INEENSILY .ottt bbb 7
2.3.3 BIOTIC FACTOTS ...ttt bbbttt ettt 8
2.4 Impacts of diurnal variations of dissolved oxygen on fish.........cccovviveiineinnincineeee 9
2.4 .1 MEADOLISITL. ...ttt ettt 10
242 GIOWLR .ttt b et b ket b ettt b et be e nes 10
243 FEEAIMNG.....vvvviiiieicicititt sttt 11
2.5 DO concentration tolerance by fish SPECIES ......cevvruiririiriiirieieree s 11
CHAPTER THREE ...ttt ettt 13



MATERIALS AND METHODS ..o 13

3.1 Description of the StUAY Area.........ccovvrirrrrrceceeeceet e 13
3.2 EXPETIMENLAL SETUP ....vvvviiiciiiicieitiitststres sttt bbb 13
3.2.1 High rate algal pond design and OPEration............ccceeereieerieinieenieesieesieesee e e e seeseseenas 13
3.3 FIeld SAMPIING ....cviieiiieiiiciie ettt sttt e et et se e ese e ens 14
3.3.1 ON SILE MEASUTCIIIEIIES ......eueueveuiniieteueieeeteteesteteseeseeseseeseeseseessesenesessesenessssesenessesesenessesasensasesesenes 14
3.4 Suitability of dissolved oxygen in pond water for aquaculture .............cooceevirreinnscenneeene 15
3.5 DAta ANALYSIS..cueureuiieiiieirieirteeste ettt ettt n et n et e b et te et e e enesens 15
CHAPTER FOUR ..ottt 16
RESULTS ..okttt s 16
4.1 Diurnal variations of dissolved oxygen concentration in @ HRAP .........cccooveiiiiiiiinnnnn. 16
4.1.1 Diurnal variations of DO CONCENIIAtION ......c.c.eririrueuiiririeieiieieieereeece e 16
4.2 Factors that influence the diurnal variations of DO in a HRAP system..........cccccceevcveecccnnnne. 17
4.2.1 TEMPETATULE ..c.evviiniieteieieeetetee sttt ettt bttt b st e b bt e bt se b b et et b e e enesenes 17
4.2.2 LAZRNE ottt bbbttt 18
CHAPTER FIVE ...ttt bbbt 20
DISCUSSION ..ottt ettt ettt b e bbb et 20
5.1 INTFOAUCTION ..o 20
5.2 Diurnal variations of DO concentration in @ HRAP System ...........ccccceeecccccinininnnnnnnnnes 20
5.3 Influence of temperature and light on the diurnal variations of DO in a HRAP system.......... 21
5.4 Suitability of the water from a HRAP system for reuse in aquaculture ..........cccoceveveirecnienene 22
5.5 CONCIUSION ...t bbb 22
5.6 RECOMMENAATIONS....c.cvuiiiieieieiiete etttk ettt sttt ea 22
REFERENCE ...ttt ettt 23

Vi



LIST OF FIGURES

Figure 3.1 a high rate algal pond system at Busitema university Namasagali campus .................. 13
Figure 3.3: On site measurement of environmental parameters using a multi meter probe ............. 15
Figure 4.1 Diurnal variations in DO concentration in a HRAP system over the sampling period

....................................................................................................................... Error! Bookmark not defined.
Figure 4.2 Variation in water temperature of a HRAP system mixed using a paddle wheel......... 17

Figure 4.3 Variation of light during the sampling period ..........cccoeoveireiireinenreeeeeeeee e 18

Vii



viii



LIST OF TABLES

Table 2.1 Water quality tolerance by fish species (Source: David Cline, 2019). .....c.ccccoeeviriruenne. 12
Table 3.1 summary of the design of a pilot-scale HRAPS.......ccccooviveineineieeeeeeeeee 14
Table 4.1 Summary of the diurnal variations of DO concentration in a mixed HRAP system......17
Table 4.2 summary of the factors that influence diurnal variations of DO concentrations in a
MIXEAd HRAP SYSTEIML.....uuiiiiiiiiiiiiirrss sttt 18
Table4. 3 Checking suitability of the water from the HRAP system for reuse in aquaculture by

comparing with the water quality recommendations for commonly cultured fish species in



LIST OF ACRONYMS

FWR: Fisheries and Water Resource Management

DO: Dissolved Oxygen

HRAP: High Rate Algal Pond

TDS: Total Dissolved Solids

EC: Electrical Conductivity

pH: Potential Hydrogen

L: liters

cm/s: centimeter per second

ANOVA: Analysis of Variance

pS/em: microsiemes per centimeter
mg/L: milligrams per liter

SD: Standard deviation

BOD: Biological oxygen demand

FAO: Food and Agriculture Organization
mm: millimeters

Lux: lumens per square meter



ABSTRACT

Fluctuation in dissolved oxygen concentration (DO) is one of the major water quality parameters
influencing aquaculture production. Low levels of DO in earthen ponds cause stress in cultured
fish resulting to poor appetite, growth performance and greater exposure to diseases that
subsequently leads in low fish yields. This study aimed to investigate the diurnal variations of
DO concentrations in a high rate algal pond (HRAP) system to ascertain the potential use of its
effluent in aquaculture production. The specific objectives were to: i) determine the DO
concentration of a HRAP system over a 12 hour cycle, iii) to determine the influence of
temperature and light on DO concentration and, iii) find out if diurnal variation of DO
concentration is within the requirement to support fish culture. The study employed a HRAP
system constructed and operated at the Faculty of Natural Resources and Environmental
Sciences, Namasagali campus, Busitema University. DO concentration and temperature were
measured on-site using a multi-meter probe while light intensity data was obtained from an on-
line meteological site. Data was collected at different time intervals i.e. 6:00 AM, 12:00 NOON
and 6:00 PM for three weeks from 23/06/2024 to 17/07/2024. Results revealed that DO
concentrations varied significantly during the 12 hour monitoring period. Mean DO
concentrations recorded were 5.14+£0.20 mg/L, 8.53+0.14 mg/L and 7.14+0.14 mg/L at 6:00 AM,
12:00 NOON and 6:00 PM respectively. Mean DO concentration varied significantly with
temperature and light intensity throughout the monitoring period with highest DO levels
recorded at midday when temperature and light intensity were at maximum. Meanwhile, despite
the diurnal variation in DO, mean DO levels were within the recommended range for culture of
the commonly farmed tropical fish species i.e. Oreochromis niloticus and Clarias gariepinus.
Results of the present study suggest potential application of HRAP system for use in fish ponds
to overcome DO concentration problems and the result improvement in fish health and

production.
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