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ABSTRACT

The objective of this work is to assess the quality of El-Malha Crater 

(Padala) well water. For comparison, samples of water were collected for 

analysis, not only from El-Malha Crater (Padala) well, but also from 

neighboring wells at El-Malha area: Terrol, Black Toll, and El-Malha Old 

Donkey.

Physical and chemical properties as well as concentrations of  some 

cations and anions were determined .The water quality assessment was 

carried out by comparing the results obtained with the Standards of 

Chemical and Physical Quality of Drinking Water .

The analysis showed that the color of the studied water sample (dark 

brown) was due to the presence of some transitional metals ions such as 

iron (1.053mg/l )and manganese (0.057 mg/l); the strong odor was due to 

the concentration of chemicals such as organic and some inorganic (sulfur 

and its compounds). The bitter taste was due to the presence of sulfate 

ion"SO4
2-" (440mg/l) in the presence of calcium and magnesium, and 

salty taste was due to the sodium chloride.

It was found that some physical properties were considerably high, such 

as electrical conductivity (91000µS/cm), and total dissolved solids 

(68.8g/l) which was due to the quantity of dissolved salts present.  The 

pH-value of El-Malha Crater (Padala) Well water was high (9.7), and as 

such it could be described as alkaline water. The total hardness value was 

also very high (1950 mg/l) and as such it could be considered as most 

hard water.

The studied water sample was free from toxic metals such as lead 

(0.00mg/l), arsenic (0.0378mg/l), and selenium (0.0324mg/l), but it was 

contaminated with chromium (0.258mg/l),hydrogen sulfide (4 mg/l )), 

and fluoride (105mg/l).

البحث ملخص
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 . (بححدال) البركانيححة المالحححة بئر مياه جودة تقييم هو العمل هذا من الهدف
 المالحححة بئر مححن فقححط ليححس , للتحليححل الميححاه عينححات جمعححت للمقارنححة
ًا (بححدال),لكححن البركانيححة  : المالحححة منطقححة فححي المجححاورة البححار مححن أيضحح

. القديم المالحة السوود,ودونكى تيرول,تول
 اليونححات بعححض تراكيححز الححي بالضاححافة الكيميائيححة و الفيزيائيححة الخصححائص

 المتحصححلة النتائج بمقارنة المياه جودة .قيمت قدرت قد والسالبة الموجبة
والكيميائية. الفيزيائية ,الجودة الشرب مياه جودة مواصفات مع
 بسححبب )الححداكن (البنى الدراسوة تحت الماء عينة لون ان وضاح التحليل هذا

 ملجححم/ل)1,053( الحديححد مثححل النتقاليححة المعدنيححة اليونححات بعححض وجححود
 مثل الكيميائيات تركيز بسبب القوية الرائحة , ملجم/ل)0,057( والمنجنيز
 وجححود بسححبب المححر .الطعححم ومركباتهححا) الكححبريت( العضوية وغير العضوية

SO4"الكبريتات أيون
 والكالسيوم الماغنيسيوم وجود في ملجم/ل) 440)  "-2

.  الصوديوم كلوريد وجود بسبب والملحى
 الكهربائيححة الموصححلية مثل بكثير, عالية الفيزيائية الخصائص من عدد هنالك

 كميححة بسححبب جم/لتر)68,8( الذائبة الكلية والملح  ميكروسويمنز)91000(
 المالحححة بئر لميححاه الهيححدروجيني الس  قيمححة . الموجححودة الذائبححة الملح 

 قلويححة. بأنهاميححاه توصححف يجعلها مما , )9,7( عالية كانت (بدال) البركاني
ًا الكلي العسر قيمة ًا عاليححة كححانت أيض  يجعلهححا ممححا ملجححم/ل),1950( جححد
العسر. شديدة مياه تعتبر بأنها

الرصححاص( مثححل سوححامة معححادن بهححا توجححد ل الدراسوححة تحححت المححاء عينححة
( والسححححححيلينيوم , ملجححححححم/ل)0و0378( و.ملجححححححم/ل),الزرنيححححححخ00

 كبريتيححد , ملجححم/ل)0,258( بححالكروم ملوثححة لكنهححا ملجححم/ل),0,0324
. ملجم/ل)105( ,والفلوريد ملجم/ل)4( الهايدروجين

)V(



TABLE OF CONTENTS
HOLY QURAN..................................................................................................... I

DEDICATION...................................................................................................... II

ACKNOWLEDGEMENTS................................................................................. III

ABSTRACT IN "English"................................................................................... IV

ABSTRACT IN "Arabic".................................................................................... V

TABLE OF CONTENTS..................................................................................... VI

LIST OF TABLES................................................................................................ IX

LIST OF FIGURES.............................................................................................. X

GLOSSARY ......................................................................................................... XI

CHAPTER ONE 

INTRODUCTION

1.1   The Importance of Water Analysis ...................................................1

1.2   Distribution of Water on Earth and its Sources  ...............................1

1.3   Hydrologic Cycle (Hydrocycle) .......................................................3

1.4   Ground Water ...................................................................................4

1.5   Water Pollution .................................................................................7

1.6   Water Purification .............................................................................10

1.7   Research Objectives .........................................................................11

CHAPTER TWO 

LITERATURE REVIEW

2.1   Location .........................................................................................13

2.2   Population.......................................................................................15

2.3   Natural Resources ..........................................................................18

2.3.1   Geological Features .................................................................18

2.3.1.1 The Land Forms of Dar Meidob..............................................18

2.3.1.2  Holocene Evolution of the Crater Well at El-Malha..............20

2.3.1.3 Middle Holocene Environment of El-Malha Crater Well.......22

)VI(



2.3.2   Water Sources ..........................................................................23

2.3.3   Vegetation ................................................................................25

2.4   Common Diseases at El-Malha Area .............................................26

2.5   Uses of El-Malha Crater Well Water and its Salty Clay (Jendaga)......27

CHAPTER THREE 

MATERIALS AND METHODS

3.1   Sampling.........................................................................................28

3.2   Analysis of Water Samples ............................................................28

3.2.1   Physical Properties.................................................................28

3.2.1.1   Determination of Water Appearance .................................28

3.2.1.2   Determination of Turbidity ................................................29

3.2.1.3   Determination of Water Color ...........................................29

3.2.1.4   Determination of Water Odor ............................................30

3.2.1.5   Determination of Water Temperature ................................31

3.2.1.6   Determination of Water Taste ...........................................31

3.2.1.7   Determination of Electrical Conductivity (EC) .................32

3.2.1.8   Determination of Total Dissolved Solids (TDS) ...............33

3.2.1.9   Determination of Total Suspended Solids (TSS)...............33

3.2.1.10   Determination of Total Fixed Solids (TFS) .....................35

3.2.1.11   Determination of Total Volatile Solids (TVS) ................36

3.2.2   Chemical Properties  .................................................................37

3.2.2.1   Determination of pH-Value ..................................................37

3.2.2.2   Determination of Total Alkalinity ........................................38

3.2.2.3   Determination of Total Hardness...........................................39
3.2.2.4   Determination of Calcium (EDTA Titrimetric Method).......41

3.2.2.5   Determination of Magnesium................................................42

3.2.2.6   Determination of Sodium (Flame photometric Method).......43

3.2.2.7   Determination of Potassium.............................................44

3.2.2.8   Determination of Chloride ....................................................46

)VII(



3.2.2.9   Determination of Fluoride ....................................................47

3.2.2.10   Determination of Nitrite (Diazotization Method)................48

3.2.2.11   Determination of Nitrate.........................................................50

3.2.2.12   Determination of Ammonia ................................................51

3.2.2.13   Determination of Sulfide ....................................................53

3.2.2.14   Determination of Hydrogen Sulfide....................................54

3.2.2.15   Determination of Sulfate .....................................................55

3.2.2.16   Determination of Iron .........................................................57

3.2.2.17   Determination of Phosphate ................................................59

3.2.2.18   Determination of Manganese (PAN Method)......................60

3.2.2.19   Determination of Aluminum ...............................................61

3.2.2.20   Determination of Barium.....................................................63

3.2.2.21   The  Atomic Absorption Spectrophotometric Methods.......64 

3.2.2.21.1   The Atomic Absorption Spectrophotometric Method 

          (Direct Air-Acetylene Flame Method).........................64

3.2.2.21.2   Electrothermal (Furnace) Atomic 

          Absorption Spectrometric Method (ETAAS)..............69

CHAPTER FOUR

RESULTS AND DISCUSSION 

4.1 Physical properties of El-Malha Crater well water  .........................74

4.2 Chemical Properties of El-Malha Crater well water  .......................78

CHAPTER FIVE

SUMMARY, CONCLUSION, RECOMMENDATIONS,

AND SUGGESTIONS FOR FURTHER WORK 

5.1 Summary ........................................................................................105

5.2 Conclusion......................................................................................107

5.3 Recommendations..........................................................................109

5.4 Suggestions for Further Work........................................................111

REFERENCES...........................................................................................112 

)VIII(



LIST OF TABLES

Table (1.1): The main water related diseases......................................8

Table (2.1): Rainfall annual peak records for El-Malha......................16

Table (2.2): The classification of the Vegetation in Dar Meidob .......26

Table (4.1): Results of the four wells water samples analysis.............94

Table (4.2): WHO Guide lines for Drinking Water Constituents........99

Table (4.3): SSMO Sudanese Standards for Water used for 

          Drinking Water number 2007/044(Inorganic Substances). 
...............................................................................................

100

Table (4.4): SSMO Sudanese Standards for Water used for 

          Drinking Water number 2007/044(Different Substances). .......101

Table (4.5): Standards of Water Quality Chemical

          and Physical Quality. .................................................................102

Table (4.6): Standards for Drinking Water. ........................................103

Table (4.7): UK Drinking Water Supply Regulation (1989) ..............104

Table (5.1): Water Treatment Methods...............................................110

)IX(



LIST OF FIGURES

Figure (1.1): Global distribution of the world's water ........................2

Figure (1.2): Hydrologic Cycle ..........................................................4

Figure (1.3): Schematic Diagram of Ground Water ...........................5

Figure (1.4): The self-purification cycle .............................................10

Figure (1.5): The water treatment process ..........................................11

Figure (2.1): Map of location (Northern Darfur and El-Malha) .........14

Figure (2.2): El-Malha Crater (Padala) Well ........................................15

Figure (2.3): Map of Dar Meidob .......................................................17

Figure (2.4): Reconstructed Lake Levels in El-Malha Crater...........22
Figure (2.5): Water Sources in Dar Meidob........................................25

Figure (2.6): Images of infected hands and feet .............................26
Figure (4.1): Turbidity of El-Malha wells water in NTU....................95

Figure (4.2): Color of El-Malha wells water in TCU..........................95

Figure (4.3): Temperature of El-Malha wells water  

             in centigrade degrees (° C)......................................................95

Figure (4.4): Electrical Conductivity (EC) of El-Malha wells water 

             in microsiemens per centimeter (μS/cm).................................96

Figure (4.5): Total Dissolved Solids (TDS), Total Suspended Solids 

            (TSS), Total Fixed (in organic) Solids (TFS) and Total 

            Volatile (Organic) Solids (TVS) of El-Malha wells water 

             in mg/l
..............................................................................................................

96

Figure (4.6): pH-Value of El-Malha wells water ...............................97

Figure (4.7): Total alkalinity as CaCO3, phenolphthalein alkalinity, 

            And total hardness as CaCO3 of El-Malha wells water 

             in mg/l......................................................................................97

Figure (4.8a): Cations and Anions contents of El-Malha wells water 

             in mg/l......................................................................................98

Figure (4.8b): Cations and Anions contents of El-Malha wells water 

             in mg/l......................................................................................98

Figure (4.8c): Cations contents of El-Malha wells water in mg/l.......99

)X(



GLOSSARY OF TERMS

Aquifer: Saturated zone containing sufficient ground water that 

water can be pumped out.

Dar: Tribal homeland.

T, I'DN – AA'L: Meidob Language or tongue. 

Wadi: Seasonal water course.

WHO: World Health Organization.

UNEP: United Nations Environment Programme.

Jebel: mountain.

Jendaga: it is the name in the Meidob dialet, which is dark 

brown clay –like substances rich in minerals, that is eaten by 

livestock in the area.
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