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Spatio-temporal variation of surface water quality and identification of water pol-

lution sources in a river basin are very important and critical element in the as-

sessment of water resources protection and sustainable utilization. In this study,

various environmetric tools including principal component analysis (PCA), factor

analysis (FA), hierarchical agglomerative cluster analysis (HACA), discriminate

analysis (DA), multiple linear regression, structural equation modelling (SEM),

analysis of variance (ANOVA), paired sample t-test and Pearson product moment

correlation coefficients were used to evaluate the spatio-temporal variation and

pollution sources of Jakara Basin, north-western Nigeria. Surface water in the

Jakara basin was collected in four phases: preliminary sampling, dry and wet sam-

pling, Getsi River sampling and three other tributaries. PCA and FA were used to

investigate the origin of water quality parameters. Seven principal components

were obtained with explained 77% total variation of water quality. Hierarchical
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cluster analysis grouped thirty sampling sites into three clusters based on simi-

larities of river water quality. The results showed that spatially the Basin can be

grouped into three statistically significant potential pollution sources (domestic,

industrial and agricultural). Temporal water quality variation was investigated

using dry and wet seasons water samples. DA revealed five statistically signifi-

cant parameters for dry season and six parameters for wet season affording more

than 77% and 82% respectively. The results showed that temporal water quality

in the basin varied with significant differences (p < 0.05). The sources of pol-

lution in the area revealed anthropogenic origin have profound influence in the

dry season and natural pollution sources have little impact especially during wet

season. Significant monotonous trend directions and magnitude of change in the

basin in organic compound were detected by trend analysis using Mann-Kendall

and Sen Slope estimates confirming anthropogenic influences. Further, a time

series Landsat satellite images of 1987, 1995 and 2006 were used to extract land

use changes over the past twenty years. Results indicated that there has been

a noticeable and uneven urban growth and tremendous loss of cultivated cover.

Overall results obtained are potentially useful to assist policy makers to under-

stand the complex nature of the water quality issues and to determine priorities

to improve the water quality in the basin.
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai
memenuhi keperluan untuk ijazah Doktor Falsafah

PERUBAHAN RUANG-MASA TERHADAP KUALITI AIR PERMUKAAN DAN
PENENTUAN SUMBER PENCEMAR MENGGUNAKAN KAEDAH

ENVIROMENTRIK DI LEMBANGAN JAKARA, NIGERIA

Oleh

ADAMU MUSTAPHA

Januari 2013

Pengerusi: Ahmad Zaharin Aris, PhD

Fakulti: Pengajian Alam Sekitar

Variasi ruang-masa dalam penentuan kualiti air permukaan dan pengenal pastian

sumber punca pencemaran air di lembangan sungai adalah sangat penting dan

kritikal dalam perlindungan serta penggunaan sumber air yang mampan. Dalam

kajian ini, pelbagai teknik environmetrikS termasuk analisis komponen utama

(PCA) atau analisis faktor (FA), analisis hirarki agglomeratif kelompok (HACA),

analisis diskriminasi (DA), regresi linear barganda, pemodelan persamaan struk-

tur (SEM), analisis varians (ANOVA), pasangan sampel ujian-t dan korelasi Pear-

son, digunakan untuk menilai kesan perubahan ruang-masa dan punca pence-

maran di Lembangan Jakara yang terletak di barat laut Nigeria. Sampel air per-

mukaan di Lembangan Jakara telah dikumpul dalam empat fasa: pensampelan

awal di lembangan, pensampelan musim kering dan basah, persampelan di Sun-

gai Getsi dan persampelen di tiga anak sungai di lembangan tersibut. PCA/FA

telah digunakan untuk menyiasat parameter-parameter kualiti air. Hasil kajian

ini menujukkan bahawa secara ruang, lembangan ini boleh dibahagi kepada tiga
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kumpulan sumber pencemaran. Secara statistik (domestik, industri dan perta-

nian) kesan perubahan masa terhadap kualiti air telah dikaji dengan menggu-

nakan sampel air yang di ambil pada musim kering dan basah. Keputusan me-

nunjukkan bahawa kualiti air di lembagan ini berbeza dengan perubahan musim

secara signifikan (p < 0.05). Punca-punca pencemaran di kawasan tersebut me-

nunjukkan pencemaran antropogenik yang mempunyai pengaruh yang kuat se-

masa musim kering dan sumber pencemaran secara semula jadi mempunyai ke-

san yang sedikit terutamanya semasa musim basah. Perubahan tren aliran dan

juga magnitud kompoun bahan pencemar organik telah dikesan menggunakan

kaedah analisis tren Mann-Kendall. Kaedah anggaran Sen Slope juga merge-

sankan pengaruh antropogenik. Di samping itu, imej siri masa satelit Landsat

pada tahun 1987, 1995, dan 2006 teleh digunakan untuk mendapatkan tren pe-

rubahan penggunaan tanah dalam tempoh dua puluh tahun yang lalu. Hasil ka-

jian menunjukkan bahawa terdapat kawasan pembangunan bandar yang ketara

dan tidak sekata serta kehilangan banyak kawasan tanaman secara keseluruhan

keputusan yang diperoleh adalah berpotensi untuk membantu dalam perancan-

gan dasar untuk memahami sifat rumit semula-jadi kualiti air serta menentukan

keutamaan dalam meningkatkan kualiti air di lembangan itu.

v



© C
OPYRIG

HT U
PM

ACKNOWLEDGEMENTS

In the name of Allah, the most beneficent, the most eternally merciful. Thank

you Dear Lord for life, health, wisdom and strength. This thesis appears in its

current form due to the assistance and guidance of several people. I would there-

fore, like to offer my sincere thanks to all of them. Firstly, my deep gratitude

is to the chairman supervisory committee and advisor Dr. Ahmad Zaharin Aris

for your patience, advice, support and encouragement throughout my study pe-

riod. Also, I appreciate the effort of Associate Professor Dr. Mohammad Firuz

Ramli and Dr. Hafizan Juahir for their assistance and advice throughout my PhD

program. I would like to offer my sincere appreciation to my employer Kano Uni-

versity of Science and Technology, Wudil Nigeria for giving me a chance to further

my education. My appreciation is extended to Alhaji Ibrahim of Soil and Water

Laboratory of the Ministry of Environment Kano State, Nigeria for assisting in

analytical techniques of water samples despite the short notices given. I would

also like to thank the Institute of Crop Research in Semi-Arid Tropics (ICRISAT)

Kano office for providing the monitoring data used in this thesis. Special thanks

goes to the United State Geological Survey (USGS) for providing satellite im-

ages free of charge. My heartfelt thanks and love go to my family especially my

parents for love and support through the years, and more specifically, their en-

couragement during my time spent in Malaysia. Last but not least, my deepest

acknowledgement is to my dear and beloved wife Karimatu Ado Galadima for her

sincere support, advice and inspiration.

Adamu Mustapha

January 2013

vi



© C
OPYRIG

HT U
PM

I certify that a Thesis Examination Committee has met on (29th January,
2013) to conduct the final examination of (Adamu Mustapha) on his thesis en-
titled “Spatio-Temporal Variations of Water Quality and Pollution Sources
Apportionment Using Environmetrics in Jakara River Basin, Northwest-
ern Nigeria" in accordance with the Universities and University Colleges Act
1971 and the Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 15 March
1998. The Committee recommends that the student be awarded the (PhD Envi-
ronmental Pollution Control Technology).

Members of the Thesis Examination Committee were as follows:

Professor Madya Dr. Ahmad Makmom bin Abdullah
Department of Environmental Science
Faculty of Environmental Studies
Universiti Putra Malaysia
43400 UPM Serdang
(Chairman)

Y. Bhg. Professor Dr. Mohamad Pauzi bin Zakaria
Department of Environmental Science
Faculty of Environmental Studies
Universiti Putra Malaysia
43400 UPM Serdang
(Internal Examiner 1)

Y. Bhg. Professor Dr. Fatimah bt. Md. Yusoff
Department of Aquaculture
Faculty of Agriculture
Universiti Putra Malaysia
43400 UPM Serdang
(Internal Examiner 2)

Professor Dr. Kyoung-Woong Kim
Department of Environmental Science and Engineering
Gwangju Institute of Science and Technology
1-Oyong-Dong, Buk-Gu, Gwangju, 500-712
South Korea, Republic of South Korea
(External Examiner)

vii



© C
OPYRIG

HT U
PM

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Doctor of Philosophy.
The members of the Supervisory Committee were as follows:

Ahmad Zaharin bin Aris, PhD
Senior Lecturer
Faculty of Environmental Studies
Universiti Putra Malaysia
(Chairman)

Mohammad Firuz bin Ramli, PhD
Associate Professor
Faculty of Environmental Studies
Universiti Putra Malaysia
(Member)

Hafizan bin Juahir, PhD
Senior Lecturer
Faculty of Environmental Studies
Universiti Putra Malaysia
(Member)

BUJANG KIM HUAT, PhD
Professor and Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:

viii



© C
OPYRIG

HT U
PM

DECLARATION

I declare that the thesis is my original work except for quotations and citations

which have been duly acknowledged. I also declare that it has not been previ-

ously, and is not concurrently, submitted for any other degree at Universiti Putra

Malaysia or at any other institution.

ADAMU MUSTAPHA

Date:

ix



© C
OPYRIG

HT U
PM

TABLE OF CONTENTS

Page

DEDICATIONS i

ABSTRACT ii

ABSTRAK iv

ACKNOWLEDGEMENTS vi

APPROVAL vii

DECLARATION ix

LIST OF TABLES xiv

LIST OF FIGURES xvii

LIST OF ABBREVIATIONS xix

CHAPTER

1 GENERAL INTRODUCTION 1
1.1 Background 1
1.2 Statement of Research Problem 7

1.2.1 Population Pressure, Economic Activities and Surface Water
Resources 8

1.2.2 Urbanization and Surface Water Resources 9
1.2.3 Industrial, Commercial Activities and Surface Water Resource

in Kano Region 10
1.2.4 Agriculture and Surface Water Resources 12
1.2.5 Epidermic Diseases and Surface Water Resources 12

1.3 Choice of the Research Area 13
1.4 Scope of the Study 14
1.5 Justification of the Study 15
1.6 Objectives of the Study 16
1.7 Outline of the Thesis 17

2 LITERATURE REVIEW 19
2.1 Introduction 19

2.1.1 Point and Non Point Pollution 21
2.2 Sources of Water Pollution 23

2.2.1 Anthropogenic Sources of Water Pollution 23
2.2.2 Natural Sources of Surface Water Pollution 35

2.3 Surface Water Quality Uses and Standard 36
2.3.1 Domestic and Industrial Standard 36

2.4 The use of The Environmetrics Methods in Surface Water Quality Study 41
2.4.1 Pollution Sources Apportionment Using Principal Component

and Factor Analysis 41

x



© C
OPYRIG

HT U
PM

2.4.2 Spatial and Temporal Variation of Water Quality Using Discrim-
inant Analysis 50

2.4.3 Spatio-temporal Similarities and Sampling Site/Point Grouping 54
2.4.4 Parameters Relationship Identification Using Pearson’s Prod-

uct Moment Correlation Coefficient 60

3 MATERIALS AND METHODS 63
3.1 Description of the Study Area 63

3.1.1 Location and Extent 63
3.1.2 Physical Setting 63
3.1.3 Human and Cultural Setting 74

3.2 Methods 78
3.2.1 Preliminary Sampling and Analytical Procedure 78
3.2.2 Dry and Wet Season Sampling and Analytical Procedure 81
3.2.3 Getsi River Sampling and Analytical Procedure 83
3.2.4 The Sampling Analysis of Three Tributaries of Jakara River

(Jakara, Tsakama and Gama-Kwari) 85
3.2.5 Data for Trend Analysis in the Jakara Basin 87
3.2.6 Methods Used in Land Use Analysis 88

3.3 Data Pre-treatment and Management 89
3.3.1 Data Quality Control/Quality Assurance 89
3.3.2 Data Transformation 90
3.3.3 Kaiser-Meyer-Olkin Test (KMO) and Bartlett Test of Sphericity

in Factor Analysis 95
3.4 Statistical Analyses 96

3.4.1 Exploratory Data Analysis (EDA) 97
3.4.2 Discriminant Analysis (DA) 98
3.4.3 Partial Correlation 100
3.4.4 Linear Regression Analysis 102
3.4.5 Hierarchical Agglomerated Cluster Analysis(HACA) 108
3.4.6 Principal Component Analysis/Factor Analysis (PCA/FA) 113
3.4.7 Pearson Product Moment Correlation 117
3.4.8 Paired Sample T-test 119
3.4.9 Structural Equation Modelling (SEM) 121
3.4.10Mann-Kendall and Sen Slope Estimator 122
3.4.11Analysis of Variance (ANOVA) 126

4 SPATIAL ASPECTS OF SURFACE WATER QUALITY IN THE JAKARA
BASIN, NIGERIA USING CHEMOMETRIC ANALYSIS 129
4.1 Abstract 130
4.2 Introduction 131
4.3 Materials and Methods 133
4.4 Results and Discussion 134

4.4.1 Descriptive Statistics 134
4.4.2 Spatial Similarities and Sampling Points Grouping 134

xi



© C
OPYRIG

HT U
PM

4.4.3 Spatial Variation of Jakara River Water Quality 136
4.4.4 Identification of Pollution Sources in the Jakara Basin 138

4.5 Conclusions 144

5 TEMPORAL ASPECTS OF SURFACE WATER QUALITY VARIATION
USING ROBUST STATISTICAL TOOLS 145
5.1 Abstract 146
5.2 Introduction 147
5.3 Materials and Methods 150
5.4 Results and Discussion 150

5.4.1 Descriptive Statistics 150
5.4.2 Discriminant Functions 152
5.4.3 Temporal Control Relationship between Variables 160
5.4.4 Temporal Water Quality Predictors 161
5.4.5 Temporal Water Quality Variation 165

5.5 Conclusions 166

6 SPATIAL-TEMPORAL VARIATION OF SURFACE WATER QUALITY IN
THE DOWNSTREAM REGION OF THE JAKARA RIVER, NORTH-WESTERN
NIGERIA: A STATISTICAL APPROACH 168
6.1 Abstract 169
6.2 Introduction 169
6.3 Materials and Methods 173
6.4 Results and Discussion 173

6.4.1 Pearson Product Moment Correlation 175
6.4.2 Pollution Source Identification 179
6.4.3 Temporal Variation of Jakara River Downstream 186

6.5 Conclusions 187

7 MULTIVARIATE STATISTICAL ANALYSIS AND ENVIRONMENTAL MOD-
ELLING OF HEAVY METALS POLLUTION BY INDUSTRIES 189
7.1 Abstract 190
7.2 Introduction 191
7.3 Materials and Methods 194
7.4 Results and Discussion 194

7.4.1 Descriptive Statistic 194
7.4.2 Pearson Product Moment Correlation Coefficient 195
7.4.3 Water Pollution Sources Identification 196
7.4.4 Spatial Variation in Water Quality 202
7.4.5 Predicting Water Quality in the Jakara-Getsi River System 203
7.4.6 Confirmatory of Impact of Heavy Metals in Water Quality 205

7.5 Conclusions 209

xii



© C
OPYRIG

HT U
PM

8 SURFACE WATER QUALITY CONTAMINATION SOURCES APPORTION-
MENT AND PHYSICO-CHEMICAL CHARACTERIZATION AT THE UP-
PER SECTION OF THE JAKARA BASIN, NIGERIA 211
8.1 Abstract 212
8.2 Introduction 213
8.3 Materials and Methods 217
8.4 Results and Discussion 218

8.4.1 Relationship Between Physico-chemical and Biological Param-
eters of the Water 218

8.4.2 Rivers Water Quality Sources Apportionment 223
8.4.3 Rivers Water Quality Mean Differences 235

8.5 Conclusions 237

9 DETECTING SURFACE WATER QUALITY TRENDS USING MANN-KENDALL
TESTS AND SEN SLOPE ESTIMATES 239
9.1 Abstract 240
9.2 Introduction 240
9.3 Materials and Methods 243
9.4 Results and Discussion 243

9.4.1 Descriptive Statistics 243
9.4.2 Trend Analysis Using Mann-Kendall Test and Sen Slope Esti-

mator 245
9.5 Conclusions 255

10 THE INFLUENCE OF LAND USE LAND COVER CHANGE ON SUR-
FACE WATER QUALITY VARIATION IN THE JAKARA BASIN, NORTH
WESTERN NIGERIA 256
10.1Abstract 257
10.2Introduction 257
10.3Material and Methods 260

10.3.1Statistical Analyses 260
10.4Results and Discussion 262

10.4.1Land Use Correlation Analysis 267
10.4.2Two-way Analysis of Variance (2-Ways ANOVA) 267

10.5Conclusions 273

11 CONCLUSION AND RECOMMENDATIONS 275
11.1Conclusions 275
11.2Recommendations 278

REFERENCES/BIBLIOGRAPHY 281

BIODATA OF STUDENT 310

LIST OF PUBLICATIONS 312

xiii


	SPATIO-TEMPORAL VARIATION OF SURFACE WATERQUALITY AND POLLUTION SOURCE APPORTIONMENTUSING ENVIRONMETRICS IN JAKARA BASIN, NIGERIA
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER
	BIBLIOGRAPHY



