
 

 VIII

TABLE OF CONTENTS 

 
 
Acknowledgment  
Abstract  
Table of contents 
List of figures  
List of tables 
List of appendices 
Symbols and abbreviations 

CHAPTER 1: INTRODUCTION......................................................................1 

1.1 Background...........................................................................................................1 

1.2 Goal and objectives ..............................................................................................5 

1.3 Structure of the thesis ..........................................................................................6 

CHAPTER 2:  LITERETURE REVIEW...........................................................7 

2.1 General description of Wadi Al Qilt drainage basin ........................................7 
2.1.1 Location and geography ..................................................................................7 
2.1.2 Population........................................................................................................9 
2.1.3 Climate ..........................................................................................................11 

2.1.3.1 Rainfall ...................................................................................................11 
2.1.3.2 Temperature ...........................................................................................12 
2.1.3.3 Relative humidity ...................................................................................12 
2.1.3.4 Evaporation ............................................................................................13 

2.1.4 Hydrogeology of Wadi Al Qilt......................................................................13 
2.1.5 Sources of pollution ......................................................................................16 

2.1.5.1 Untreated wastewater .............................................................................18 
2.1.5.2 Seepage from unsanitary dump sites ......................................................20 
2.1.5.3 Untreated industrial waste......................................................................21 
2.1.5.4 Seepage and runoff of agrochemicals ....................................................21 
2.1.5.5 Stone crushing ........................................................................................22 

2.2 Previous studies ..................................................................................................22 

2.3 Importance of Wadi Al Qilt...............................................................................25 



 

 IX

CHAPTER 3:  MATERIALS AND METHODS..............................................26 

3.1 Personal communications and interviews ........................................................26 

3.2 Field work ...........................................................................................................27 

3.3 Water sampling ..................................................................................................32 

3.4 Water analysis ....................................................................................................32 
3.4.1 Chemical parameters .....................................................................................33 

3.4.1.1 Measurement of major ions, ammonium, pH, TDS ...............................33 
3.4.1.2 Trace elements........................................................................................35 
3.4.1.3 Measurement of organic content ............................................................35 

3.4.2 Physical parameters.......................................................................................36 
3.4.3 Biological parameters....................................................................................36 
3.4.4 Hydrobiological parameter............................................................................37 

3.5 Flow measurement .............................................................................................37 

3.6 Validation and quality control ..........................................................................41 

CHAPTER 4:  RESULTS AND DISCUSSION .............................................43 

4.1 Major wadis ........................................................................................................44 
4.1.1 Variation of EC, TDS, TSS, turbidity and pH along Wadi Al Qilt...............44 
4.2.2 Chemical composition...................................................................................49 

4.1.2.1 Anions ....................................................................................................49 
4.1.2.2 Cations....................................................................................................50 
4.1.2.3 Ammonium.............................................................................................51 
4.1.2.4 Variation of organic materials along Wadi Al Qilt ................................53 

4.1.3 Microbiological analysis ...............................................................................58 
4.1.4 Variation of pH and conductivity at TP1 ......................................................59 
4.1.5 Anionic surfactants........................................................................................62 
4.1.6 Chlorophyll a.................................................................................................64 
4.1.7 Heavy metals .................................................................................................66 
4.1.8 Correlations between analyzed parameters ...................................................69 
4.1.9 Flow measurements through Wadi Al Qilt ...................................................71 

4.2 Springs of Wadi Al Qilt .....................................................................................72 
4.2.1 Water Quality of springs ...............................................................................73 

4.2.1.1 Electrical conductivity............................................................................74 
4.2.1.2 Total dissolved solids .............................................................................75 
4.2.1.3 pH ...........................................................................................................77 



 

 X

4.2.2 Classification of water types using piper diagram ........................................78 
4.2.3 Organic materials and microbiology of springs ............................................82 
4.2.4 Trace elements in springs..............................................................................84 
4.2.5 Flow from springs .........................................................................................85 

CHAPTER 5:  CONCLUSIONS AND RECOMMENDATIONS.....................86 

5.1 Conclusions .........................................................................................................86 

5.2 Recommendations ..............................................................................................87 

REFERENCES .............................................................................................89 

APPENDICES .................................................................................................I 

 

 

 

 

 

 

 

 

 

 

 

 

 


