Table of Contents

Chapter Title Page
Dedication iii
Acknowledgement 1\
Abstract Y%
Table of Contents Vil
List of Tables X
List of Figures Xi
List of Photos Xii
List of Abbreviations Xiv

1. Introduction 1
1.1 Background 1
1.2 The objectives 3
1.3 Thesis structure 3
2. Literature Review 4
2.1 Existing treatment plants in West Bank
2.2 Reuse in agriculture 5
2.3 Wastewater management, visions, policies and
strategies in Palestine 6

2.4 Guidelines used for wastewater treatment and reuse 7

2.5 Anaerobic Baffled Reactor (ABR) 10
2.5.1 Introduction 10
2.5.2 ABR performance 11
2.5.3 UASB-septic tank system 12
2.5.4 Combined ABR system 14

2.6 Activated Sludge system 17
2.6.1 Introduction 17
2.6.2 AS system in Palestine 20
2.6.3 ANANOX system 22

2.7 Combination of ABR and AS system 27

Vil



Methodology 28

3.1 Experimental set up of the pilot plant 28
3.2 System operation and monitoring 28
3.3 Influent wastewater characteristics 38
3.4 Analytical methods 39
3.4.1 Physical analysis 39

3.4.2 Chemical analysis 39

3.4.3 Microbiological analysis 40

3.5 Calculations 40
Results and Discussion 41
4.1 Results 41
4.1.1 Operational parameters 43
4.1.1.1 Volumetric COD loading rate and OLR 43

4.1.1.2 SV, SVI, MLSS and F/M ratio 44

4.1.2  Environmental conditions 46
4.12.1 pH 46

4.1.2.2 Temperature (°C) 47

4.1.3 Organic removal 48
4.1.3.1 BODs removal efficiency 48

4.1.3.2 COD removal efficiency 49

4.1.3.3 TSS removal efficiency 51

4.1.3.4 Total Suspended Solids (TDS) 52

4.1.4 Nitrogen removal 52
4.1.4.1 NH,4" removal efficiency 52

4.1.4.2 TKN removal efficiency 53

4.1.4.3 Total nitrogen removal 55

415 PO, removal efficiency 57

4.1.6 Fecal Coliform removal 58

4.1.7 Dissolved and heavy metals 59

4.1.8 Summary of overall removal efficiencies 61

4.2 Discussion 61

4.2.1 Operational parameters for Ein Sinya pilot plant 62
4.2.2 Organic removal 63
4.2.2.1 BOD;s removal 63

viil



423
424
425
4.2.6
4.2.7

4.2.2.2 COD removal

4.2.2.3 TSS removal

4.2.2.4 Total Dissolved Solids (TDS)
Total nitrogen removal

PO, removal

Fecal Coliform removal

Dissolved and heavy metals removal

Overall removal efficiency

4.3 Energy consumption cost

Conclusions and Recommendations

5.1 Conclusions

5.2 Recommendations

References

Arabic Summary

X

63
65
67
67
70
70
71
71
71

73
73
75

76

80



