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ABSTRACT

Assessment of drinking water quality 111 Khartoum State was

the main purpose of this study.

Seven sites were selected to represent the area of wells water,

relevance to environmental pollution in Khartoum area, UI11J11badah

near industrial area, Elthawra near a power station, Elfiteihap ncar the

White Nile, Elriyadh near a petroleum station, Elkalakla in the last bus

station, Elhag Yousif in the market, as well Eldroshap as control area.

Raw and treated water samples were collected from the White Nile,

the Blue Nile and the River Nile, wells water and treated water from

the three Niles these samples stored in metallic and fiber glass tanks in

the rainy and dry seasons. Standard methods were lIsed for samples

collection and preparation for the measurements using Atomic

Absorption Spectromelly (AAS) and flame photometre. Thirteen

elements were observed and their concentrations determined in the

various locations, those are Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na,

Ni, Pb and Zn. The concentration levels for Cd, Co, Cr, Cu, Fe, Mn,

Ni, Pb and Zn were lower than the detection limits for (AAS), and

pre-concentration by physical method was found necessary for these

elements, the evaporation method of the drinking water samples were

used.

The data obtained were compared with the data from literature.

The results are generally comparable except the concentration of Fe of

the raw water for the River Nile in the two seasons as well as the

treated water for the River Nile, the treated water for the River Nile

stored in fiber glass tank (rainy season), and the treated water for the

White Nile stored in metallic tank (rainy season) are lower than the

maximum permissible international levels provided by the World

Health Organization (WHO) and the concentration of trace elements

in drinking water permitted by the Sudanese Standards and Metrology

Organization (SSMO). There is no pollution in the ground water

resulting from human activities can be made.
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CHAPTER ONE

INTRODUCTION

1.1 InlJlOrtance of water:

Water is the single most important substance known in the world, it is

elixir of life without it life is not possible, it represents a fundamental

requirement for all life activities, it is essential to man, animals and

plantslU) The supply of il is endless in the world map since it covers

over 80% of Ihe earth's surface, bUI only a small fraclion of the water

in Ihe world is available to manage for human use.1JI

Water need and use is almost unlimited in all functions of life.

according to water use it can be classified into three main categories:

(aJ Domestic (b) Irrigation and (c) Industly.

(a) Domestic water: this type of water is used for drinking and any

other daily activities such as cooking, bathing, washing clothes, house

eleaning.I') Depending on climate and work load the adult human

body needs two to five litres per day of potable walcr to maintain the

essenlial nuids of Ihe body and to perform its physiological functions

properly. (I.')

Much larger quantities are necessary for other purposes such as

irrigation and industry. Per capita water consumption is innuenced by

a number of factors such as availability and convenience of supply,

social-economic conditions of the community, cultural and hygiene

habits, cltmalic conditions and whether water is charged for(2
).



Safe drinking water is important in the contTol of many diseases such

as diarrhoea, cholera, typhoid, 80% of all diseases in the world are

associated with unsafe water. Water of good chemical and physical

quality is necessary from the poim of view of its acceptability to the

consumer, protection of consumer health, and conservation of the

water system, offending chemical substances have made a water

source unacceptable to the public even though its bacteriological

quality was excellent.(2)

The contamination of drinking water will occur through increased

leaching of toxic metals into both surface and ground water.(6)

Standard methods for drinking water analysis should be tested under

local conditions for accuracy and precision, agreed at nationallevel.(7)

1.2. Water sources:

Common sources of fresh water are(8):

\.2.1. Rain water:

Rain is rarely the immediate provenance of municipal water supplies,

it is confined to farms and rural settlements usually in semiarid

regions devoid of satisfactory ground or surface waters.

Rain water from:

a) Roofs stored in cistems for small individual supplies.

b) Larger prepared water sheds or catches stored in reservoirs for large

communal supplies.!8)

Rain water coIlected from clean house roofs can be of better

microbiological quality than water coIlected from untreated household

\VeIls, when rain faIls after along dry period. However any rain water

collected may carry with it significant amounts of contamination and

2



debris which have accumulated on the roof and in the gutters, it is

therefore recommended that the water running off the roof arter the

first stomlS should be discarded or used for purpose other than

dnnkingPl

Slirface runoff or over land flow is the portion of the rain which is nol

absorbed by the soil and does not accumulate on the surface but runs

while the soil is saturated with water.(9) The quantity of runoff

depends lIpon a large number of factors, the most important of which

arc the amount and intensity of rainfall, the climate, vegetation, the

geology and geography of the area.lIO)

Rain water harvested with the help of ground catchments will always

be polluted by bird droppings, by wind blown dust and when lell

unprotected also by the excrements of animals.(S)

The quality of the collected rain water is improved by proper

maintenance of the roof and careful cleaning at the beginning of every

wet season, it storage tank should be completely covered and well

maintainedFI Cistern should be taken to ensure that they are properly

located and constructed. Rain water should be treated by satisfactory

filtration unit and adequate disinfection!')

1.2.2 Ground water:

Ground water is the water that is found below the surface of the earth,

where it occupies all or part of void spaces in geological layers. It is

also called subsurface water to distinguish it from surface water,lI l lt

is that portion of the atmospheric precipitation mostly rainfall, which

3



has percolated into the earth to fonn underground deposits call cd

aquifers (water-bearing fom,ations).IIO)

Most ground water comes from precipitation, precipitation in filtrates

below the ground surface into the soil zone, when the soil zone

becomes saturated water percolates down ward.(12) It is often sustained

and its position detemlined by the rate of percolation of precipitation

or irrigation water through the unsaturated zone.(9) It is constantly in

motion compared to surface water, it moves very slowly. Natural oul

nows of it takes place through springs and river beds when its

pressure is higher than atmospheric pressure in the vicinity of the

ground surface.'l2)

Ground water quality IS of concem essentially with the vanous

constituents found in w3tcr and their relations to waler usc. In

addition, ground water quality data gives important clues to the

geological history of rocks and indications of ground water recharge,

discharge, movement, and storage .11l). The natural quality of ground

water varies substantially from place to place.ll )

One fonn of ground water pollution is chemical pollution, a variety of

pollutants from the ground surface or near surface down to under

ground water occur continuously from a variety of sources rarely

considered and almost never controlled, these sources include (14):

a) Petroleum contamination from leaking service station tanks and

spills of gas and oil above ground.

4



b) Agricultural feed lot pollution where animal wastes concentrated in

a small area are eventually washed into the ground.

c) Tremendous volumes of salt thrown on icy winter roads which

nearly all ends up in our precious aquifers.

d) Industrial wastes of wide varieties commonly buried in the ground

and dumped in liquid waste disposal pits or evaporation pits.

Ground water is nonnally preferable to surface water because it is

purified by the filtering action of the soil through which it nows!')

Most of it is free of pathogenic organisms and pathogenic bacteria,

generally it may be used without further treatment, it is available in

many areas, it plays a vital role in the development of arid and semi

arid zones, sometimes supporting vast agricultural and industrial

enterprises, it is often most practical and economical to obtain and

distribute. As some ground water dissolves substances from rocks and

may contain traces of old sea water it is oflen high in mineral content.

It usually requires pumping,(10,12)

1.2.2.\ The wells:

The wells are vertical openings excavated or drilled fr0111 the ground

surface to a water bearing stratum or aquifer, pumping a well lowers

the water level in it which in turn forces water to now from the

aquifer.!I'11t is used for the extraction of ground water to fill domestic,

municipal,industriai and irrigationl1eeds. it is also used to control salt

water intrusion, its function to inject nuids into the ground.(11

Wells may be classified as shallow or deep wellsm

5



a) Shallow wells; which are dug for the depth of few meters (less than

35 meters).

b) Deep wells; which are dug or drilled to bring water li'om deeper

layers (more than 35 meters), one can always rely on the

bacteriological safety of the water from deep wells, the water from

comparatively shallow wells can be expected to be safe also.

Often one of the first steps in the improvement of the ground water

supply is the improvement of existing wells by well protection from

surface drainage around the well and covering of the wells and

pumps'<s) Open or poorly covered well heads pose the commonest risk

to well water quality since the water may then be contaminated by the

use of inappropriate water lirting devices by consumers, the most

serious source of pollution is contamination by human and animal

waste from latrines.(7)

Dug wells for ground water abstraction are so simple in construction

that they can be made by local materials without specialized

equipment or skills as a consequence of their method of

construction.(Sj There are three principal methods of well construction,

each method has its own advantages given certain conditions and all

three types and combinations of them are widely used under different

circumstances those three methods are dug wells, drilled wells and

tube wells,<2.1Il)

6



aj Dug wells

The hand-dug well is the most widely used type throughout the world.

It is still one of the cheapest methods for providing a small supply of

water for villages, although its construction is a rather slow process. It

has many advantages which generally out weight speed. The

equipment used is simple and light, enabling sites remote from a road

to be served, the process is easily taught to unskilled workers, the

materials used are usually obtainable locally.I")

b) The drilled wells

Drilled wells are usually referred to as bore holes has many

advantages, large volumes of water can be extracted from a single

bore hole, often making it the only practical method of supplying

urban communities, the depth and rapidity with which a bore hole can

be drilled, for depths of more than 60m, particularly where large

quantities of water are required the bore hole is the method usually

selected.I'.IO)

c) The lube wells

In the tube wells, a perforated or screened pipe which is jelled (jetted

well) or driven (driven well) into a shallow aquifer, it can give

surprisingly large quantities of water but they are limited in the depths

to which they can be inserted and the ground formation must be

appropriate for their use.IIO) When water has to be tapped at greater

depths tube wells must be used.!')

7



1.2.3 Surface water:

This term encompasses all water on the surface of the continents both

flowing and stored, a term commonly used to designate the waler

flowing in stream channels (16, 17). tn the broadest sense surface water

IS all the water on the surface of the earth and thus includes the water

in lakes, marshes, glaciers, oceans, large rivers, ponds and the small

upland streams which may originate from springs and collect the

runoff from the water sheds.IIO
• 17) It originates mostly from rainfall

and it is a mixture of surface nmoff and ground water, it is not

mfiltrate or percolate into the ground or retum to the atmosphere by

evaporation or transpiration fTom plants.no. 18)

The quality of surface water is govemed by its content of living

organisms and by the amounts of mineral and organic matter which it

may have picked up in the course of its fomlation.

As rainfalls through the atmosphere it collects dust and absorbs

oxygen and carbon dioxide from the air, while Ilowing over the

ground surfacc water collects silt and particles of organic mattcr, somc

of which will ultimately go into solution, it also picks up more carbon

dioxide from the vegetation and microorganisms and bacteria from the

top soil and from decaying matter.IIO
) It is subject to pollution and

contamination by pathogenic organisms and by contact with human

and animal life and can not be considered safe and always needs

treatment before domestic use. 1'.10)

8



1.2.3.1 The rivers:

Rivers are nourished by precipitation by direct over land runoff

through springs and seepages or fi'om melt water at the edges of snow

fields and glaciersl"). It is often considered to consist of a base flow

fraction made up of ground water that infiltrates into the channel. In

addition to mixing of ground water and runoff the natural factors that

influence stream composition include reactions of water with mineral

solids in the steambed and in suspension l reactions among solutes,

losses of water by evaporation and by transpiration fi·om plants

growing in and near the river, and effects of organic matter and water

dwelling biota.(20) Rates of erosion and transportation and comparative

amounts of solid and dissolved load vary widely from river to river.

All of the rivers have broad flood plains subject to annual inundation

by rivers carrying heavy sediment 10ads'<l9) River water may be easily

contaminated by disease carriers and by human and animal wastes

should be the necessity for thorough treatment and disinfections in

order to make such water fit for human consumption. It is virtually

impossible to observe complete sanitary conlrol over the entire

watershed, furthermore self-purification processes can not be

depended upon to make river water bacteriological1y safe.llO)

1.3 Water storage:

The purpose or the cold water storage cistem is to provide storage in

each building equal to 12-24 hours consumption against interruption

of supply during repair or maintenance works to the main, to provide

9



constant supply of water with limited pressure in distribution pIpes

and to limit back siphonage of water from fittings into the main.(21)

The storage of water in reservoirs creates favourable conditions for the

self purification of the stored water but may also cause undesirable

changes in water quality. The benefits of storage include the provision

of a continuous supply of water, reduction in turbidity, reduction in

pathogens through the action of sun light and sedimentation, dilution

of undesirable substances that may accidentally enter the intake and

oxidation of impuritiesy2) It can also provide an economical means of

settling out some of the suspended solids. Protected storage lor a

minimum of 48 hours provides a degree of safety since the cercariae

are unable to infect a host and will die, the numbers of other

organisms can also be reduced, although this often requires storage

for more than week.(7)

Undesirable conditions created by storage include pollution by birds

and animals, evaporation, prolonged storage in uncovered reservoirs

can encourage algal growth and mosquito breeding, the number of

bacteria may considerably increase because of the decomposition of

organic matter held in suspension or in solution in the water stored for

long periodsu, 10.22)

1.3.1 Household water storage:

Where a piped water supply to the household operates intermillently a

storage tank is commonly used to ensure that there is sufficient water

for the family needs through out the dayPl
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The contamination of water in house cisterns IS so common an

occurrence that no sample of water which has passed through a cistem

should be considered as a true sample of public water supply.'2J) The

principal heallh risk associated with household water storage is the

ease of recontamination during transport and storage. The tank should

be covered to prevent contamination of the water and to restrict access

by children and animals, the tank should be inspected, cleaned and

disinfectedPl

1.4 Water treatment:

The fundamental purpose of water treatment IS to protect the

consumer from pathogens and impurities in the water that may be

offensive or injurious to human health.(24)

Water treatment processes used in any specific instance must take into

account the quality and nature of the water supply source, may be

necessary to render the water supply bacteriologically safe and

chemically acceptable, the intensity of treatment must depend on the

degree ofcontamination of the source water.(2,24)

Water treatment involves physical, chemical and biological changes

that transform raw waters into potable waters.(2S) The more important

treatment processes are coagulation, sedimentation, filtration,

dISinfection.(I Sl

1.4.1 Coagnlation and floccnlation:

Fine suspended particles may be removed from water by chemical

treatment that causes fomlation of absorbent bulky precipitate. These
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of sedimentation in the reduction of turbidity is dependent on the

nature of the suspended material and lhe settling time allowed.(" The

pU1]1Ose of it is to permit settleable noc to be deposited and thus

reduce the concenlration of suspended solids that must be removed by

filters.l '"

Among the factors that influence sedimentation are: size, shape and

welgltl of the noc, viscosity and hencc temperalure of the water. Also

numberl depth and areas of the basins, surface over now rate, velocity

of flow and inlet and outlet design factors affecting sedimentation.(")

Flolation is an alternative to sedimentalion and has advantages when

the amount of floc is small.(22)

1.4.3 Filtration:

Filtration is the separation of liquids from solid particles contained in

them by means of a partition with pores of such size thaI lhey do not

pcrnlitlhe passage of the particles while allowing the free flow of the

Itquid. Filtration as a purification process which improves water

quality by one or more of lhe following methods!26':

a) removal of suspended and colloidal particles.

b) reduction of the populalion of bacteria and other micro organisms.

c) change oflhe chemical constituents in the water.

The purpose of it is to remove any remaining suspended matter and to

remove orgamsms from the water that could not be removed by

sedimentalion.

13
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There are two types of filtrations(25):

a) Slow sand filtration.

b) Rapid sand filtration.(25)

1.4.3.1 Slow sand filtration:

Slow sand filtration is the process of removing suspended matter from

the water as it slowly passes through a bed of sand. The degree of

removal depended on the character and size of the filter sand, the

thickness of the bed, and the size and quantity of the suspended

partic1es.(2) Slow sand filters consist bt a bed of saod overlying a

gravel support layer and an under drai~~~~ system. The depth of the

sand filter bed is typically in the range 0.5-1.2 m, varying as the sand

is skimmed off from time to time to prevent blocking on the upper

surface. Slow sand filtration improves the physical, chemical and

microbiological quality of water(7) patllOgenic bacteria, viruses and

resting stages of parasites are removed principally by adsorption and

by subsequent predation, it is also very efficient in removing parasites,

it is some what more effective when the water is warm, it is reliable

and inexpensive, it is therefore particularly suitable for developing

countries and small rural systems but it is applicable only if sufficient

land is available, and require a much larger area than a rapid gravity

filter of similar capacity(7,14)

The efficiency of slow sand filtration may be appreciably reduced at

water temperatures below 6°C.(7)
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1.4.3.2 Rapid sand filtration:

In large treatment works rapid sand filtration is frequently used after

coagulation and flocculation and sedimentation and before

disinfection. It may also be used as a prefiltration step before large

scale slow sand filtration, it is not recommended for small community

waler supplies because of the necessary controls and careful attention

required to obtain satisfactory resultsl'.7) It is generally preferred

however when the turbidity of the raw water is highly variable and

remains high for a considerable period in a year(') It is usually

operated at filtration rates considerably higher than those typical of

slow sand filtration. As a consequence the filters are considerably

smaller in area for a similar throughput capacity, it can be carried out

in open tanks or closed metal tanks through which the water passes.

Coarse sand is generally used and due to this the pores of the filter bed

are relatively large and the impurities contained in the raw water

penetrate deep into the filter bed. Rapid sand filter beds are generally

0.6 - 1.0 ml,,7)

Microbial removal rates in rapid sand filters are low but suspended

solids are removed quite efficiently, filters are quickly blocked by

surface straining or excessive sedimentation in their upper layers. It is

generally implies considerably higher operational costs than slow sand

filtration('·7\
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a chlorine residual in the distribution system may in certain

circumstances indicates the possibility of post-treatment

contaminatiOIPl,

The chorine demand of some waters (particularly river waters) can

increase dramatically at times of heavy pollution particularly after

rain. It may therefore be necessary to increase the dose to allow for

this.l7l

1.5 Water quality:

The usefulness of water for a particular purpose is determined by thc

water quality, which is determined by the solutes and gases dissolved

in the water as well as the matter suspended in and floating on the

water. It is a consequence of the natural physical and chemical state of

the water as well as any alterations that may have occurred as a

consequence of human activity. If human activity alters the natural

water quality so that it is no longer fit for purpose for which it had

previously been suited the water is said to be polluted or

conlaminated.<" In any case water quality is usually effected directly

or indirectly by human activities making the harmful for living plants

and animals"l One basic measure of water quality is the total

dissolved solids (TDS), which is the total amount of solids in

milligrams per litre that remains when a water sample is evaporated to

dryness III
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lVater has a wide variety of end uses associated with it, each usage has

different water quality criteria, thus water quality criteria depend upon

the use of the waterl).

The quality of domestic water has to satisfy two requirements, it must

be safe and it should be attractive to usc, both goals may be realized

by a judicious selection of the source or by purification aner

recovery(S).

The most important criteria on which the water treatment alternative is

based is the water quality(
27).

The quality of drinking water has great impact on human health,

provision of a safe and adequate supply of drinking water is an

essential component in the primary health carel28l . Potable water must

have a level of constituents which does not cause a health hazard or

Impair its usefulness to thc consumer(27
) Water should confoml to the

following watcr quality characteristics. It should beI27•29):

I. Free from pathogenic organisms.

2. Clear (i.e. low turbidity: little colour).

3. Not sal inc (salty).

4. Free of compounds that cause an offensive taste or odor.

5. Free from compounds that may have adverse effects on

human health.

6. Low in concentrations of compounds that are acutely toxic

or that have serious long-tenn effects such as lead.

7. Free from chemicals which may cause corrosion of water

supply system of staining clothes washed initI27•
29

).
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Surveillance of drinking water quality can be defined as the

continuous and vigilant public health assessment and overview of the

safety and acceptability of drinking water supplies. Flawless treatment

serves no purpose if the distribution system pemlits contamination

through faulty installations or cross-connexions, an excellent

distribution system will not protect the public health if the distributed

water receives insufficient treatment.(lO)

Quality control is designed so that it ensures water serv,ces meet

agreed national standards and in stitutional targets.(7) The maximum

pennitted concentrations of various substances in public water supply

is controlled through out the world by legislation and varies to some

extent from country to countryyl)

In drawing up national standards for drinking water quality it will be

taken into account various local, geographical, socioeconomic and

cultural factors, as a result national standards my di ffer appreciably

from the guideline valuesPl. A drinking water quality guideline value

represents the concentration of a constituent that does not result in any

significant health risk to the consumer over a lifetime of consumption.

Drinking water should be suitable for human consumption and for all

usual domestic purposes.(')

1.5.1 Drinking water quality standards:

There are various water drinking standards which can be followed'28'.

One of the most widely used standards is that established by World

Health Organization (WHO).!') The WHO has set guidelines for the
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lower and the upper limits of certain inorganic compounds usually

found in drinking water.(24) Table (1.1) explains the maximum

admissible concentration of elements as specified by the World Health

Organization (WHO) and the Sudanese Standards and Metrology

Organization (SSMO).(32)
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Table (1.1) The maximum admissible concentrations of some

elements in drinking water (ill mg/I)

Element WHO (mgtl) SSMO (mgtl)

Alu l11i niu111 0200 0.200

Antimony - 0.004

Arsenic 0.05 0.007

Barium 1.00 0.500

Boron - 0200

Cadmium 0.005 0.003

Chloride 250.0 250.0

Chromium 0.05 0.040

Copper 1.00 1.500

Cyanide 0.1 0.050

Fluoride 1.50 1.500

Iron 0.300 0.300

Lead 0.05 0.007

Manganese 0.100 0500

Mercury 0.001 0.007

Molybdenum - 0.050

Nickel 0.02 0.014

Selenium 0.01 0.007

Silver 0.05 0.050

Sodium 200 -

Zinc 5.00 3.00
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1.6 Trace elements:

1.6.1 Introduction:

The term trace elements refers to elements that occur at the milligram

per kilo gram (part per million) level or below, and which can exert

some influence on plant and animal biochemistry and cell

functionyJ) Trace elements are generally cations or anions, quickly

become toxic at high Ievels(16l. Under wood(J4) divides the trace

elements into three groups.

(a) Essential trace elements (micro nutrients): iron, iodine, copper,

zinc, manganese, cobalt, molybdenum, selenium, chromium and

fluorine.

(b) Possibly essential trace elements: nickel, tin, vanadium and silicon.

(c) Non essential trace elements: aluminum, boron, gemlamum,

cadmium, arsenic, lead and mercury.

Some of trace elements are essential for living organisms, which need

them in very small amounts. When they exceed the need of the

organism they become toxic and hence hazardous. The lower limit of

trace concentration is zero but practically the lower limit is set by the

sensitivity of the available analytical methods and in general is

pushed down wards with the progress of analytical methods.(35) Source

of trace elements in food stuffs are plant, animals, water, soil and

air(20).
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1.6.2 Trace clements in the water:

A major area of concem in the large spectrum of water quality

problems is that of trace elcmcnts, their occurrencc in water.(J6)

Although water is not nonnally a major source of minerals but all

essential minerals occur to some extent in water. Water occasionally

contains elements at toxic concentrations.(7
)

The important dissolved inorganic constituents In natural waters

classi fied into three classesm

1- Major constituents:

These are calcium, magnesium, sodium, potassium, chloride, sulfate,

sulfide, carbonate and bicarbonate.

2- Minor constituents:

These are iron, manganese, boron, fluoride, strontium and nitrate.

3- Trace constituents:

Trace elements in natural water are copper, cobalt, zinc, molybdenum,

vanadium, nickel, arsenic, lead, cadmium and chromium may be

present in amounts of only a few micro grams per litre.tl )

The terms minor and trace used in reference to solutes in natural water

can not be precisely defined; commonly the terms are used for

substances always or nearly always occur in concentration less than

mgtlt'.).

Although it is reasonable to suppose that all the naturally occurring

elements are present in most natural waters.(20)
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Trace elements are known to have a variety of important biological

functions and in many instances they may have adverse effects on

biological systcms. In this respect some heavy metals can both

improve and hinder hemobiotic cell growth.(38)

1.7 Nutrient clements in the water:

1.7.1 Calcium (Ca):

Calcium is a macro-nutrient for animals and plants although levels

vary greatly between species, itself it relalively non-toxic 10 plants. It

is present in the body in larger amounts than any other mineral

element, aboul 99% of the body calcium is in the skelelon, the very

small quantity of it is in the body nuids09·40
) It is essential for normal

growth and health, the minimum average daily requirement of calcium

is probably I to 2 grams.I'O) It is the most abundant of Ihe alkaline

earth metals and is a major constituent of many com1110n rock

minerals and IS a major component of the solutes in most natural

water.120
) Concentrations of up to 100 mg of calcium per litre are fairly

common in natural sources of water, sources containing over 200 mg

of calcium per litre are rare. It is the major component of hardness in

waler and is usually in the range of 10-500 mg per litre as calcium

carbonate.(22)

The presence of calcium in waler supplies resulls from passage

through or over deposits of limestone and gypsum, corrosion of water

pipes may impart some Ca to drinking water, the calcium content may

range from zero to several hundred mgtl depending on the source and
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treatment of the water(41, 42), Generally, calcium is the predominant

cation in river water, when river water is impounded in a storage

reservoir changes may occur in calcium content as a result of calcium

carbonate precipitation,(20)

1.7.2 Cobalt (Co):

This element in an essential micro-nutrient for animals, it is a

constituent of vitamin B" which is necessary for normal red blood cell

formation and is involved with certain enzymes(39.40).

The total body content of cobalt averages about 1.1 mg, it is widely

distributed throughout the body. Plants require only minute amounts

mainly for catalytic functions()'''·).

Cobalt ions can substitute for part of the iron in ferromagnesian rock

minerals, It is present in igneous rocks in small amounts and is more

prevalent in the basic and ultra basic types than in silicic rocks. In

natural and treated water it has been observed only in trace

concentrations, and the concentration of it is commonly present in

river water are small. It appears reasonable to conclude that

uncontaminated natural water should generally contain no more than a

few micrograms per litre of cobalt!'·).

1.7.3 Copper (Cu):

Copper is an essential micro nutrient for plants and animals where it is

involved with many enzyme systems, it is essential constituent of

several proteins, it is essential for hemoglobin synthesis and some

naturally occurring pigments!J9·'·).

•
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The intake of it from food is normally 1-3 mg/day, its levels in

drinking water are usually low at a few micro grams per litre. Copper

in public water supplies increases the corrosion of galvanized iron and

steel finings and may be dissolved from waler pipes and plumbing

fixtures especially by water having pH below 7120
•
24

,. Conccnlrations

can reach several milligrams per litre following a pcriod of stagnation

in pipes. Staining of laundry and sanitary ware occurs al copper

concentrations above I mg/litre. At levels above 5 mg/litre it also

imparts a colour and an undesirable biner taste 10 water. Acute gastric

irritation may be observed in some individuals at concentrations in

drinking water above 3 mgllitre(24). In general the concentrations of

coppcr in river and ground waters are near or below predictions based

on pH. Copper salts are sometimes purposely added in small amounts

to water supply reservoirs to suppress the growth of algae1lU
).

The most important methods for the deteI111inalion of copper and their

detection limits are atomic absorption spectrometry with flame

detection 1.5 jLg/I(22l.

1.7.4 Iron (Fe):

Iron is an essential minor nutrient for plants and animals, certain

enzyme systems depend on irOl,t39l. The role of iron in Ihe body is

essential components of hemoglobin, myoglobin. The need for il in

the human diet varies greatly at different ages and under different

circumstances(40). Estimates of the minimum daily requirement for it

about 10 to 50 mg/day.
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It is one of the most abundant metals in the earth's crust. It is found in

natural fresh waters at levels ranging from 0.5 to 50 mgllitrel"'.

Although it levels low in natural water it can be present there in

various ionic, organic and mineral forms(.391. Iron may also be present

in drinking water as a result of the use of iron coagulants or the

corrosion of steel and cast iron pipes during water distribution(24l.

Concentration of iron in drinking water are normally less lhan 0.3

mgll and the intake from food is substantially higher than that from

drinking waterl'.'. At levels above 0.3 mgllitre iron stains laundry and

plumbing fixtures. There is usually no noticeable tastel",. Iron occurs

in water mainly in the divalent and trivalent (ferrous and ferric)

fonns(4.3). The most common Conn of iron in solution in ground water

is the Fe(II)(ferrous ionj\'·'. Iron in water can be determined by atomic

absorption spectrometry with a detection limit of I ;tgll,22,.

1.7.5 Magnesium (Mg):

This element is a macro nutrient with distinctive functions in plants

where it is a structural component of chlorophyll pigments. It is

essential for animal lifel39} It is a common element and is essential in

plant and animal nutrition 1'.'. The body contains about 21 g of it, it is

one of the principal cations of soft tissuel'.' it is an alkaline-earth

metal and is also a major constituent of igneous and sedimentary

rocks(20).
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The average daily requirement of man is probably of the order 0.3-0.5

gram and this also supplied by ordinary articles of diet"O). Its effect in

water is similar to that of calcium, the magnesium ion Mg (II) will

normally be the predominant form of magnesium in solution in natural

water) natural water sources typically containing concentration of lip

to 10 mgllitre, such sources rarely contain more than 100 mg of

magnesium per Iitre{20.22).

Magnesium hardness is usually approximately 33% of the total

hardness of a particular water supply. It is in abundance in sea waleI'

where its concentration is five times the amount of calcium.

Magnesium carbonate is seldom a major component of scalet44,. The

main contributions to Mg in drinking water come from the weathering

of minerals and from air borne oceanic saltst")

1.7_6 Manganese (Mn):

Manganese is an essential minor nutrient for plants and animals. It is

involved in enzyme activation and in some of the reactions required

for photosynthesis and nitrogen metabolismtJ9). It is essential for

normal bone structure reproduction and the normal functioning of the

central nervous system(40). It is an essential trace element with an

estimated daily nutritional requirement of 30-50 mglkg of body

weight, it is one of more abundant metals in the earth's crust and

usually occurs together with Iron. Dissolved manganese

concentrations in ground and surface waters that are poor in oxygen

can reach several milligrams per litre. On exposure to oxygen,
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manganese can form insoluble oxides that may result in undesirable

deposits and colour problems in distribution systems. The presence of

it in drinking water like that of iron, at levels exceeding 0.1 mgll, in

water supplies stains sanitary ware and laundry and causes an

undesirable taste in beverages, at a concentration of 0.02 mg/l it will

often form a coating on pipes!") It is highly insoluble in natural

waters, the solubility increases with increasing acidit/'I)

Manganese concentrations in lakes and rivers around the world range

from 0.00 I to about 0.6 mg/I, higher levels in aerobic waters are

usually associated with industrial pollution. The divalent form

predominates in most water at pH 4-7 but more highly oxidized forms

may occur at higher pH values or result from microbial oxidation. Its

intake [rom drinking water is normally substantially lower than that

from food. At typical drinking water levels of 4-30 ltg/It") There is no

convincing evidence of toxicity in humans associated with the

consumption of it in drinking water, intake of it can be as high as 20

mg/day without apparent ill effects!").

The limit of detection by flame atomic absorption is 3.0 Ilgll, therefore

concentrations above drinking water limit can be detected by this

tecimique(45) .

1.7.7 Potassium (K):

This element is essential for animals life and plants need it at macro

nutrient levels!J9). It is the principal cation of the intracellular Ouid, but

it is also a very important constituent of the extracellular fluid (40
).
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Potassium (K+) is an alkaline metals closely related to sodium, it is

slightly less common than sodium in igneous rocks but more abundant

in all sedimentary rocks. The potassium content of natural water is

usually less than that of sodium, it seldom occurs in high

concentration in natural water.

Concentrations of it more than a few tens of milligrams per litre are

decidedly unusual except in watcr having high dissolved solids

concentration or in water frolll hot springs. Potassium is not a major

component in public or industrial water supplies(20
)

1.7.8 Sodium (Na):

This element is essential for animal life. It contributes to the ionic

balance in cells and tissues. The status of it in plants is still not

entirely clear but micro nutrient amounts may be needed by some

species!39,. It is the major component of the cations of the cxtracellular

fluid and the other important function of it is the maintenance of the

osmotic pressure of body fluid!") Although it is generally agrecd that

sodium is essential to human life there is no agreement on the

minimum daily requirement (22).

It is the most abundant member of the alkali metal group of the

periodic tablel'.'. The sodium ion is ubiquitous in water, most water

supplies contain less than 20 mg of sodium per litre. Although

concentrations of it in potable water are typically less than 20 mgIJ but

in some courtiers levels can exceed 250 mgt\. Sodium salts are

generally highly soluble in water and are leached from the terrestrial
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environment to ground water and surface water, also sodium salts are

found in virtually all food and drinking walert".24'.

No finn conclusions can be drawn concerning the possible association

between sodium in drinking water and the occurrence of hypertension.

However, concentrations in excess of 200 mgtl may give rise to

unacceptable tastet24,.

1.7.9 Zinc (Zn):

This element is an essential micro nutrient for plants and animals and

is associated with many enzymes and with certain other proteins()9).

It is an essential component of a number of enzymes present in animal

tissues. It is essential for the nonnal growth, reproduction, and life

expectancy of animalst' O
) It is essential in plant and animal

melabolism but water is not a significant source of this element in

a dietary sense(20). It occurs in small amounts in almost all igneous

rocks. It is found in virtually all food and potable water in the form of

salts or organic complexes. The diet is normally llle principal source

of it. Although levels of zinc in surface and ground water normally do

not exceed 0.0 I and 0.05 !,gli respectively, concentrations in tap water

can be much higher as a result of dissolution of it from pipes.

Drinking water usually makes a negligible contribution to zinc intake

unless high concentrations of it occur as a result of the corrosion of

piping and fittings. Drinking water containing zinc al levels above

3 mgll may not be acceptable to consumers(,,·l4,. The detection limits

for zinc detennined by flame atomic absorption is 50 !,glll22 l.
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1.8 Toxic elements in the water:

1.8.1 Cadmium (Cd):

Cadmium and zinc have some chemical similarities but cadmium is

much less abundant(20). It is used mainly as an anti corrosive,

electroplated onto steel. Food is the main source or daily exposure to

cadmium.

Cadmium concentrations m unpolluted natural waters are usually

below I I'g/l. contamination in drinking water may also be caused by

impurities in the zinc of galvanized pipes and solders in fittings, water

heaters, water coolers and taps. Although levels in drinking water are

usually less than I I'g/ll22.,,).

Cadmium is virtually absent from the human body at birth but it

accumulates progressively with age(40
). The kidney is the main target

organ for cadmium toxicity. The critical concentration in the renal

cortex and would be reached afier a daily dietary intake or about 175

I'g per person ror 50 yearsl"!.

The detection limits ror cadmium detennined by name atomic

absorption is 5 I'g/l(12
)

1.8.2 Chromium (Cr):

Chromium is toxic to animals particularly in the hexavalent state

although less so to piantslJ9). It is widely distributed in the tissues in

extremely small amounts(40
).

it is widely distributed in the earth's cmstl "). Concentrations or

chromium in natural waters that have not been affecled by waste
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disposal are commonly less than 10 I'g/l(2O) The average concentration

of chromium in rain water is in the range 0.2-1 j..tg/I, ancl natural

chromium concentrations in sea water is of 0.04-0.5 1'g/1. Most surface

waters contain between I and 10 p,g ofchromiul1l per litre, in general

the chromium concentration in ground water is low (I 1'g/1)'22)

Total chromium concentrations in drinking water are usually less than

2 I'g/I although concentrations as high as 120 I'gll have been reported.

Food appears to be the major source of intake.

In epidemiological studies an association has been found between

exposure to chromium (VI) by the inhalation route and lung canccr.

Atomic absorption can not be used to distinguish between hexavalent

chromium and other valence states, and the technique is usually

applicable to the determination of total chromium. However the

extraction of hexavalent chromium followed by flame atomic

absorption gives the required hexavalent chromitllll concentration(45).

The detection limits for chromium by flame atomic absorption are in

the range 0.05-0.21'g/1(22)

1.8.3 Lead (I'b):

Lead is the commonest of the heavy elements, accounting for 13

mg/kg of the earth's crust(22I. It is a general toxicant that accumulates

in the skeleton. Infants, children up to six years of age and pregnant

women are most susceptible to its adverse health effects. It is toxic

also to both the central and peripheral nervous systems. It is present in

tap water to some extent as a result of its dissolution from natural
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sources but primarily from household plumbing systems containing

lead in pipes) solder, fittings or the service connections to homes(241.

Its concentration in natural waters is usually below 90 Jlgll. However,

in areas where lead ores are found, this concentration may rise as high

as 800 /Lgll(46). The level of lead in drinking water may be reduced by

corrosion-control measures such as the addition of lime and the

adjustment of the pH in the distribution system from <7 to 8_9(22).

There is evidence from studies in humans that adverse neurotoxic

effects other than cancer may occur at very low concentrations of lead

and that a guideline value derived on this basis would also be

protective for carcinogenic effects(24} The detection limit by name

atomic absorption is 20.0 /LgII(45).

1.8.4 Nickel (Ni):

Plants appear to be more sensitive to nickel toxicity than animalstJ9J it

is an important industrial metal, it is used in a large number of alloys

and fittings used for tap water(20· 22}

The concentration of nickel in drinking water is normally less than

0.02 mgll, although levels up to several hundred micro grams per litre

in ground waler and drinking water have been reported. ickel

concentrations in drinking water may be increased if raw waters are

polluted by natural or industrial nickel deposits in the ground. The

average daily dietary intake is normally 0.1-0.3 mg of nickel. It is

release from taps and fittings may contribute up to I mgllitre(22.14). The
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sources but primarily from household plumbing systems containing

lead in pipes. solder. fittings or the service connections to homes(24 I.

Its concentration in natural waters is usually below 90 Ilgll. However,

in areas where lead ores are found, this concentration may rise as high

as 800 Ilgl1146l. The level of lead in drinking water may be reduced by

corrosion-control measures such as the addition of lime and the

adjustment of the pH in the distribution system from <7 to 8-9(22)

There is evidence frolll studies in humans that adverse neurotoxic

effects other than cancer Illay occur at very low concentrations of lead

and that a guideline value derived on this basis would also be

protective for carcinogenic effects!"). The detection limit by name

atomic absorption is 20.0 IlglI14Sl.

1.8.4 ickel (Ni):

Plants appear to be more sensitive to nickel toxicity than animals{J9) it

is an important industrial metal, it is used in a large number of alloys

and fillings used for tap walerIlO.
22

)

The concentration of nickel in drinking water is normally less than

0.02 mgll, although levels up to several hundred micro grams per litre

in ground water and drinking water have been reported. Nickel

concentrations in drinking water may be increased if raw waters are

polluted by natural or industrial nickel deposits in the ground. The

average daily dietary intake is normally 0.1-0.3 mg of nickel. II is

release from laps and fittings may contribute up to I mgllitrel22."). The
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nickel ion content of ground water may increase as a result of the

oxidation of natural nickel(22).

Although nickel as both soluble and sparingly soluble compounds is

now considered as a human carcinogen in relation to pulmonary

exposure and a much higher intestinal absorption when taken on an

empty stomach in drinking water than when taken together with

food(24). The detection limit by name atomic absorption is 0.008 j.lgll

in an air-acetylene flame(45).

1.9 Water analysis:

A significant number of serious drinking water quality problems may

occur as a result of chemical contamination frol11 a variety of natural

and man-made sources. In order to establish whether such problems

exist chemical analyses must be under taken(7).

The detennination of water is one of the most common analytical

determinations. Because of its widespread importance, many

procedures for the determination involving physical and chemical

methods have been developed(47)

Water analysis is very challenging due to the low concentrations of

elements so they are susceptible to inter-element interferences and

matrix effects. Alkali and alkaline earth elements and counter ions

associated with do greatly interfere, therefore the analysis of water

requires the pre-concentration of elements in water samples(47).

Luke!") used sodium diethyl dithio carbamates (NaDDTC) to

preconcentrate trace elements in water at pH 4 in presence of a suitable
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· metal spike serving as a carrier and an internal standard. He

determined Ni, Co, Cu, Hg, Pb, Fe, Zn and Cd at pH 4 but not Mn. He

concluded that when working with an amphoteric elements like Zn the

excess of ammonia should not be added other wise incomplete

recovery will result. He also added that Cr (VI) precipitates at pH 4 as

carbamates while Cr (III) as hydroxide.

Linder el a/(49) stated that dibenzyl dithiocarbamates (DBDTC)

was the best coprecipitation agent of all dithiocarbamates due to the

low solubility of its complexes that it needed no metal carrier.

Carbamates are used for the detemlination of trace elements in

water due to the low solubility of their metal chelates!'·).

Quantitative recoveries were found by Ulrich and Hopke!'" for

Mn, Fe, Co, Ni, Cu, Zn, Se, Sb, Hg, Cd and Pb with detection limit

around Img/g for 100 ml water sample, using ammonium pyrrolidine

dithiocarbamates (APDC).

Ulrich and Hopke added that (APDC) is a convenient

coprecipitant, at concentrations below 10 /lg/I more than (Na DDTC)

especially for Zn and Pb. They also found adequate recoveries for Fe,

Ni, Cu, Se, Zn, Hg, Cd, Ti, Cr, and Th independent of the alkaline ion

concentration level.

Elder el at. (52) had earlier precipitated at pH 2 with fresh

(APDC) solution and obtained good recoveries for Cu, Hg and Pb

though not for Mn or Zn.

Pradznski and Coworkers!SJ) used (APDC) and Fe(lll) as a

carrier and reported a detection limit of I /lg/I for V, Cr, Mn, Cu, As,

Se, Hg and Pb.
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Pick el al. I") used (APDC) as a coprecipitatant together with

(Mo) as a carrier, they used (Mo) which is a (4d) element for two

reasons, the carrier element present 111 gross amount can not be

determined after coprecipitation so (Mo) is suitable when (3d)

elements are analyzed.

Tahal") used (APDC) for quantitative determination of Cr, Cu,

Co, Fe, Ni, Zn, Pb, and Se in water from the Blue Nile and White Nile

using both methods XRF and AAS. I-Ie also determined Na and K by

flame photometre, and He determined P using colorimetr

Elkhatiml'6) used (APDC) logether with methyl isobutyl ketone

(MIBK) for the extraction and quantitative determination of pb, Cd

and As in waler from the River Nile and wells in North Omdurman

area on the western side of the River Nile using AAS. She also

determined Na and K by flame photometre. Other elements Cu, Zn,

Fe, Ni, Cr, Mn, Ca and Mg were deteJll11ined directly using AAS.

Salihl") used (APDC) for quantitative determination of Ti, Cr,

Fe, ell, ZI1, As, Pb, Zr and Se in water frol11 white Nile, Blue Nile and

River Nile using XRF. She found the concentrations for the observed

heavy metals except (Fe), were much below the maximum permissible

intemationallevels provided by the WHO.

Leyden el al. ISS ) studied the interferences in coprecipitation with

(APDC) where they found (Fe) to have a positive interference to C,.,

but Cu and Cd had negative interferences to it.

Ferrous, Mn and Cd had negative interferences while (Pb) had a

positive interference to (Co). Calcium, Cr, Fe, Co, Zn, Cd and pb had
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negative interferences to (ell). ZIIlC was found to have a positive

interference by (Fe) and a negative interference by (Cu).

Marice·I") used (APDC) with chloroform as an inorganic

solvent to extract transition metals from water samples on a filter

paper carrier, the capacity was 300 lIeg of divalent transition metals.

Knoth and Schwenke(60
) obtained quantitative collections of

numerous elements by fomling the transition metals - APDC chelates.

Mizuike el af61
). Used stannous hydroxcide Sn (OH), to

precipitate trace elements in water, they found a wide range of pH (4

8) for the precipitation of the trace elements Fe, Co, Cu, Zn and Cd.

Eltayeb el 01.
(62

) used AI (OH)) as a precipitatating agent for

water analysis where he found (Cr) to have the optimum recovery at

pH 6. He found the concentrations of Cr, Cu, Zn and Pb to be 0.44,

0.8,2.0 and < 2.7 (Ppb) respectively in the River Nile.

The National Chemical Laboratory Khartoum 1(')) in the eighties

used routinely to measure lhe elel11enlal concentrations for the

elements Pb, Na, and K, they were found to be zero (ppm), 15.7 and 4

(ppm) respectively at the Blue Nile and zero (ppm), 27.9 and 12.1

(ppm) in the White Nile.

Abdallal
64

) had used UV-visible spectroscopy to determine the

(Fe) concentration in water samples from KJlartoum North

industrial area using I, 10-phenanthroline where he compared (Fe)

concentration in water from blacksmith workshops, machinery

workshops and jar residuals with direct tap water from the same place.
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The concentration of (Fe) was found to be much lower in tap water

relative to the other places.

Some researchers had analyzed water directly using (A AS).

Chamarro el a/(6') found the concentration of (Ca) to range

from 0.76ppm to 108.4ppm using AAS, but with flame emission the

range was fOllnd to be 0.59-109.9ppm.

Motomizea et al., (66) determined K in Asahi river, Takahashi

river and Sagase river by solvent extraction of thc complex Formed

with crown ether and an anionic azo dye using now injection AAS.

The concentration ranged between 3.04 and 10.38ppm.

Ginawi (67) used AAS and detcnnined directly Zn, Pb, ClI, Fe,

Mn in water from storage tanks and some main tap in Khartoum state.

He found about 50% of the samples examined for (Fe) were fOllnd to

exceed the permissible value, also found about 30% of the samples

examined for (Pb) was found to exceed the permissible vallie.

Farahl") used the classical analytical methods for determination

of the different chemical parameters

I.lO Analytical mcthods:

The techniques that arc most extensivcly used for the

determination of inorganic cations in water are:

I.lO.1. Atomic absorption spcctromctry:

(i) Principlc:

Atomic absorption spectrometry may be defincd as a method

for determining the concentration of an elcment in a sample by
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measuring the absorption of radiation in atomic vapour produced from

the sample at wavelength that is specific and characteristic of the

element under consideration l691. This technique is based upon the

absorption of electromagnetic radiation by the atomic vapour of

elements. The characteristic radiation of a certain element emitted by

an appropriate source is absorbed by the vapour containing the atoms

being analyzed. The degree of absorption is determined by comparing

the intensity of Ihe transmilled beam when no absorbing species is

present i.e. a blank with that transmilled when the sample is present.

For a monochromatic collimated radiation passing through an atomic

vapour, the reduction in the intensity of the incident radiation can be

related to the concentration of the absorbing species and the thickness

of the absorbing medium, both relations being combined in the Beer

lambert's low, through the following mathematical formula.

Log 10/1, = ECL Equ (1.1)

Where:

10: is the incident radiation intensity

It: is the transmitted radiation intensity

E: is the molar absorbtivity or molar absorbance.

C: is the concentration of the analyte.

L: is the path length of the absorbing medium or ceillenglh (cm).

Log 10/1,: is known as the absorbance (A). Hence equation (1. I) can be

written as:

A = ECL Equ. (1.2).
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In this method, measuring the absorbance of samples with known

concentrations (standard solutions) makes calibration curve. The

unknown concentrations of the samples can then be calculated after

measuring its absorbance or the system is interfaced with a computer

for the automatic calculations of the concentration(70).

(ii) Instrumentation:

There are five basic components of an atomic absorption

instrument.

I. The radiation source (hollow cathode lamp).

2. An absorption cell in which atoms of the sample are produced

(flame, graphite furnace)

3. A monochromator for light dispersion or to isolate the required

wavelength.

4. A detector, which measures the light intensity and amplifies the

signal.

5. The display that show the reading afler it has been processed by

the instrument electronics(7O).

1.10.2. Flame photometre:

(i) Principles:

The basic principle is that when a solution containing a metallic

salt (other metallic compounds) is aspirated into a flame e.g. propane

buming in air, a vapour which cOnlains atoms of the element may be

formed. Some of these gaseous atoms may be raised to an energy level

which is sufficiently high to permit the emission of radiation
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characteristic of that element. The following processes occur in a

rapid succession:

I. Evaporation of the solvent leaving a solid residue.

2. Vaporization of the solid will dissociate into its constituent

atoms which will be initially in the ground state.

3. Thermal excitation of some atoms by the name energy to higher

energy levels and attain a condition in which they can radiale

energy when they drop back to the ground level.

So the resulting emission spectrum consists of lines originating from

excited atoms or ions. The transition from the excited state to the

ground stale will result in the emissiou of a radiation of frequency (v)

according to the equation

hc
6.E =E-E =hv =- Equ(I.3)

,. 11.

Where:

E;: is the energy of the excited stale.

Eo: is the energy of the ground state.

h: is the plank's constant

v: is the frequency of the emitted radiation

c: is the velocity of light.

A: is the wave length of the emitted radiation

Since the atoms of every element give. definite characteristic

line spectrum, so there are different ex.citation states associated with
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different elements. There are possible transitions between excited

states resulting in a complex spectra(7I,72).

The relation belween the ground state and excited state

population is given by the Boltzmann equation:

N; ; ~(:: }-.E/KT............EqU(1 A)

Where:

N,: is the number of atoms in the excited state.

N.: is the number of atoms in the ground state.

g/&o is the ratio of statistical weights for ground and excited states.

E: is the excitation energy.

K: is the Boltzmann conSlant.

T: is the temperature in Kelvin.

Calculations showed that only small fractions of atoms are

excited even under high temperature and low excitation energy(71. 72).

In this work drinking water samples from diITerent sources and

stored water samples from the same sources were collecled In ralllY

and dry seasons around Khartoum State in order:

I. To determine the concentrations of the trace elements 111

drinking water from di ITerent areas.

2. To assess the nutrients and toxic elements in these samples.

3. To evaluate the effect of water storage in two types of tanks

which is normally used for this purpose.

4. To compare the results obtained in this work with data from

literature.
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CHAPTER TWO

MATERIALS AND METHODS

Introduction:

Both surface and ground water are utilised as sources for drinking

water in Khartoum State. The lhree Niles (White, Blue and the main

Nile) are the source of surface waler, while deep bore holes are used

to abstract under ground water.

2.1 Sample collection:

Waler samples were collected from different sources. Around

Khartoum state belween latitudes 15° 14 and 15° 44 N, and

longitudes 32° 33 and 32° 40 E. Fig. (2.1).

Raw and Ireated water from the three Niles, treated water from the

lhree Niles stored in fiber glass and metallic tanks, seven wells and

their waters which were slored in fiber glass and melallic tanks.

Table (2.1) give the details of the sampling campaign. The samples

were collected in both rainy and dry seasons, during August

September 2003 and February-March 2004.

Wells were selected taking into account the human activities carried

out within the area Table (2.2).
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Table (2.1) Sampling locations from Khartoum State

Sample No Sample lIame The location

I River Nile trealed Bait Elmal treatmenl plant

2 River Nile raw River Nile Bait Elmal treatment

plant

3 River Nile fiber tank Tank in house

4 River Nile metallic tank Tank in house

5 Blue Nile trealed Khartoum North treatment plant

6 Blue Nile raw Blue Nile Khartoum North

treatment plant

7 Blue Nile fiber tank Tank in house

8 Blue Nile melallic tank Tank in house

9 White Nile treated J. Aulia and Illogran treatment plant

10 White Nile raw White Nile J. Aulia and Illogran

treatment plant

I I White Nile metallic lank Tank in house

12 EI riyadh well Well in EL riyadh

13 EI riyadh fiber tank Tank in house

14 EI riyadh metallic tank Tank in house

15 Ummbadah well Wcll in Ummbadah

16 Ummbadah fiber tank Tank in house

17 Unmlbadah melallic tank Tank in house

18 EI lhawra well Well in EI thawra

19 EI thawra fiber tank Tank in house

20 EI thawra metallic tank Tank in house

21 EL hag Yousifwell Well in EL hag Yousif

22 EL hag Yousif fiber tank Tank in house
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Table (2.1) continue

Sample No Sample Ilame The location

23 EL hag Yousif metallic tank Tank in house

24 EL droshap well Well in EL droshap

25 EL droshap fiber tank Tank in house

26 EL droshap metallic tank Tank in house

27 Elkalakla well Well in Elkalakla

28 Elkalaka fiber tank Tank in house

29 Elkalaka metallic tank Tank in house

30 EI fiteihap well Well in EI fiteihap

31 EI fiteihap fiber tank Tank in house

32 EI fiteihap metallic tank Tank in house

Table (2.2) Sites of samples collected from the wells

Site No Site Human activities

I EL fiteihap Near White Nile

2 EL hag Yousif In the market

3 EL kalakla In the last station

4 EL riyadh Near petroleum station

5 EL thawra Near power station

6 Ummbadah Near industrial area

7 EL droshap Reference area
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Fig: (2.1) Sites of sample collection
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2.2 Samples pre-treatment:

Water samples were collected using polyethylene bottle of two litres

capacity, the bottles were washed 3 times with tap water. dil HNO,.

distilled water and with a small amount of the water to be sampled,

respectively. Then filled and labeled immediately with the name of the

place. At the laboratory the water samples were immediately filtered

by a whatman filter paper then acidified with addition of concentrated

HNO, to maintain the pH at 2, then kept in the dark.

2.3 Atomic absorption spectrometry (AAS):

A perkin Elmer model 2380 spectrometer was used for the analysis.

2.3.\ Standard solutions preparation:

Stock standard solutions of Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb

and Zn were prepared by dissolving appropriate weight of the salt in

minimum amount of nitric acid in 1000 tnl volumetric flask and filled

to the mark with distilled water to prepare a 1000 ppm stock solution.

then the solutions were stored in polyethylene containers.

2.3.2 Measurements:

Series of standard metal solutions were prepared in concentrations that

were similar the concentration expected in the sample solution. The

instrumental settings were optimized rOT each element lo be measured

(Table 2.3). A line regression calibration curves for each clement was

obtained automatically by plotting the absorbance against the

concentration of the standard solution. The curve was used to

determined the concentration of the specific element in the sample

solution.
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Table (2.3) Atomic absorption spectrometry settings fOl- the

determination of some elements using air/acetylene name

Wavelength of Hollow cathode lamps
Elements

absorption (nm) current (mA)

Ca 422.7 25

Cd 228.8 8

Co 242.5 40

Cr 359.4 25

Cu 324.8 25

Fe 248.3 30

Mg 285.2 5

Mn 279.5 30

Ni 341.5 40

Pb 283.3 12

Zn 213.9 20
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2.3.3 Sample preparation for analysis using AAS:

The analysis of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn by AAS

required a pre-concentration step. Physical pre-concentration method

was used by evaporated I litre of each sample at 200" C on a hoi plate

until Iml, then transferred to 10 ml volumetric flask and washed the

beaker as well with 8 ml deionized water, then was added to Iml in

volumetric flask and completed to the mark with deionized water, then

the concentrations ofelcmcnts were measured directly using AAS.

For the elements ea and Mg as their concentrations in drinking water

are high, 5ml of each sample was diluted with deionized water to

50ml in the presence of 2ml lanthanum chloride (5%), then the

concentration were determined directly using AAS. After correction

for the dilution, using the dilution factor.

2.4 Flame photometre for the determination of sodium and

potassium:

In the present work JEN WAY flame photometr model PF P7C was

used to determine the concentrations ofNa and K in the samples.

2.4.1 Reagents:

I) Standard sodium solution

1000 ppm stock solution was prepared by dissolving 0.2542 g of NaCI

in 100 ml deionized water.

2) Standard potassium solution

1000 ppm slock solution was prepared by dissolving 0.1907 g of KCI

in 100 ml deionized water.
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2.4.2 Procedure:

A series of standard solutions with concentrations 0, 5, 10, 15 and 20

ppm for Na and K were prepared by suitable dilutions from the stock

solutions in 100 ml volumetric flask. The system was setted, so that

the scale reads zero with O,e blank, the standard solutions aspirated

into O,e flame, then the slope was calculated from the calibration

curve prepared by plotting emission intensities against concentration

Tables (2.4 and 25), Figs. (2.2 and 2.3).

2.4.3 Measurements:

The sample solutions were aspirated into the flame under the same

conditions as the standards. Sodium concentration in the samples were

determined from 11,e standard calibration curve obtained. The same

procedure was followed for O,e determination of potassium after

changing the filter to give the wavelength required.
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Table (2.4) Concentration of sodium versus intensity:

Emission intensity
Concentration of Na (ppm)

(arbitrary units)

00.0 0.00

05.0 0.03

10.0 0.07

15.0 0.09

20.0 0.11

Table (2.5) Concentration of potassium versus intensity:

Emission intensity
Concentration of K (ppm)

(arbitrary units)

00.0 0.00

05.0 0.26

10.0 0.48

15.0 0.64

20.0 0.78
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Fig 2.2: Sodium concentration versus

intensity as determined by flame
photometer
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CHAPTER THREE

RESULTS A D DISCUSSION

The measured concentrations (mg/I) of elements calcium, cadmium,

cobalt. chromium, copper, iron, potassium, magnesium, manganese,

sodium, nickel, lead and zinc in raw and treated water samples

collected during (August-September 2003) rainy and (February 

March 2004) dry seasons, from the White, Blue and Rivcr Nile, are

presented in tables (3.1) and (3.2) also depicted in figures (3.1) to

(3.8), which showed the following findings:

In general, no significant variations were obtained for most of the

elements studied in both raw and treated water for the three rivers.

However, the raw water of the Blue Nile at Khartoum contains

considerably higher concentrations of calcium throughout the year

than that of the White and the River Nile. The concentration of

calcium for the Blue Nile in the rainy and the dry seasons are 30.16

mgtl and 33.20 mg/I respectively, while the concentration of calcium

for the White and River Nile in the rainy season are 13.40 mg/I and

25.63 mg/I, in the dry season are 10.68 mg/I and I 1.60 mg/I,

respectively.

This could be attributed to the fact that the Blue Nile is more powerful

and carry large amounts of sediments which is enriched in CaCO,.

The raw water of White Nile shows slightly higher magnesium ion

concentrations than the Blue and the River Nile in the two seasons.

The concentration of magnesium for the White Nile in both rainy and
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dry seasons are 6.85 mg/I and 7.88 mg/I respectively, while the

concentration of magnesium for the Blue and River Nile in the rainy

season are 6.18 mg/I and 6.31 mg/I, in the dry season and 7.31 mg/I

and 6.64 mg/1. 'n,is can be explained by the stability of the White Nile

which increased the solubility of the magnesium ions. A similar data

of calcium and magnesium were reported from the same area by

Farah'''>'

The raw water of the White Nile contains higher concentrations

of manganese, potassium and sodium than that of the Blue Nile and

the River Nile in the two seasons. The concentrations of these

elements for the White Nile in the ramy season are 0.04 mg/I,

12.5mg/1 and 30Amgll respectively, and in the dry season are

0.0147mg/l, 11.5mg/l and 16.7mgll respectively. While for the Blue

Nile the concentrations are 0.0166 mg/I, 3.1 mg/I and 10 mg/I

respectively in the rainy season and in the dry season are 0.0109 mg/I,

4.2 mg/I and 11.2 mg/I respectively. And for the River Nile the

concentrations in the rainy season are 0.0072 mg/I, 6.1 mg/I and 15

mgll respectively, in the dry season are 0.0126 mg/I, 11.1 mg/I and

14.6 mg/I respectively.

The raw water of the River ile shows higher concentration of

iron ion than that of the White Nile and the Blue Nile in the two

seasons. The concentration of this element for the River Nile in the
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rainy season 2.06 mgtl and in the dry season 0.363 mgt!. While for the

White Nile and the Blue Nile in the rainy season are 0.196 mg/I and

0.037 mg/I, in the dry season are 0.153 mg/I and 0.049 mg/I

respectively. A similar results were obtained by EL Khatim'S6l

This relatively big difference in the elements content in the

three rivers could be attributed to the difference in geological strueture

of the regions transferenced by these rivers.

When the elements concentration of treated water at the three

rivers were compared, the concentrations of sodium and potassium

were high at the White Nile in the two seasons. The concentrations of

these elements for the White Nile are 17.9 mg/I and 8.9 mg/I in the

rainy season and are 15 mg/I and 10.3 mg/I in the dry season

respectively. A similar results were obtained by TahallS).

The treated water from the River Nile in the rainy season shows

highest eoneentrations for ealeium, magnesium and iron. The

concentration of these elements are 28.85 mg/I, 6.94 mg/I and 0.49

mgll respeetively.

The treated water from the Blue Nile in the dry season contains

highest concentrations for calcium and magnes,um. The

concentrations of these elements are 33.47 mg/I and 7.47 mg/I

respectively.
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Its well known that the processes of treatment for drinking

water reduce the concentrations of the elements in the water. In

general as shown in figures 3.1-3.6, which presents the elemental

compositions of raw and treated water samples from the three rivers

under investigation, the treated water display the lowesl contenl of

most of the elements investigated with some exceptions: For the River

Nile: calcium and cobalt in the rainy season, chromium and lead in the

dry season, for the Blue Nile: copper and chromium in the two

seasons, manganese and zinc in the dry season and also for the White

Nile; zinc in the rainy season, cadmium and chromium in the dry

season, higher concentrations. This high eoncentration may be due to

some chemicals used for water treatment.

No seasonal variations were obtained In the elemental

composition of raw and treated water samples collected from the three

rivers in both rainy and dry seasons except:

The concentration of calcium, iron and zinc for raw and treated water

of River Nile which shows highest values in the rainy season

compared to the values in the dry season. The concentrations of these

elements for raw water in the rainy season are 25.63 mg/L. 2.06 mg/I

and 0.1195 mg/I, for the treated water in the same season are 28.85

mgll, 0.49 mg/I and 0.0706 mg/I respectively. For raw water in the dry

season the concentrations are 11.60 mg/I, 0.363 mgtl and 0.0057 mg/I,
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and for the treated water in the same season are 10.93 mgll, 0.029

mgll and 0.0056 mgll respectively.

TIle concentration of zinc for raw and treated waler of White Nile, the

concentration of iron for treated water of White Nile and the

concentration of sodium for raw water of White Nile. Which shows

also highest concentrations in the rainy season compared to that in the

dry season. The concentration of zinc in both raw and treated water in

the rainy season are 0.0203 mgll and 0.0636 mgll, the concentration of

this element in raw and treated water in the dry season are 0.0063mgll

and 0.0044 mgll respectively, the concentration of Iron for treated

lVater in both rainy and dry seasons are 0.163 mgll and 0.033 mgll,

and the concentration of sodium for raw water in both rainy and dry

seasons are 30.40 mgll and 16.70 mgll. respectivcly.

For the purpose of the meaningful comparison of the elemental

composition of seven ground water samples were collected in the two

seaSOns. The wells were classified into three regions based on their

locations as Omdurman 3 wells (EI fiteihap, EI thawra and

Ummbadah), Khartoum North 2 wells (Eldroshap and EI hag Yousif)

and Khartoum 2 wells (Elriyadh and Elkalakla) are presentcd in tables

(3.3) and (3.4), and also depicted in figs (3.15) and (3.16).
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No significant variations were obtained for most of the elements

In the three regions studied. However, the concentrations of iron)

potassium and sodium in the two seasons are highest in water

collected from Omdunnan wells the values in the rainy season are

0.079 mgtl, 5.47 mgtl and 42.87 mgtl respectively, and in the dry

season are 0.051 mgtL, 5.47 mgtl and 21.47 mgtl respectively.

The highest concentration of calcium in the rainy season In

Omdum13n wells the values 38.49 mgtl, while in the dry season the

highest value for this element is 40.42 mgtl reported from Khartoum

North wells.

The concentration ofmagnesiu111 in the two seasons is highest in water

collected from Khartoum North wells, the value in the rainy season is

23.28 mg/I, and in the dry season is 19.35 mg/!.

The concentration of manganese in the lWO seasons IS highest in

Khartoum wells, the values for the rainy season is 0.135 mg/I and for

the dry season is 0.108 mg/!.

The relatively big difference 111 the elements content of the

wells in the three regIons could be attributed to the difference in

geological set-up and recharge system of the ground water of each

regIon.
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No seasonal variations were obtained for all elements studied.

Except: the concentrations of elements sodium and zinc which shows

high concentrations for Omdumlan wells, Khartoum North wells and

Khartoum wells in the rainy season compared to the values obtained

in the dry season. The concentrations of sodium in the rainy season

are 42.87 mg/I, 30.35 mgll and 30.70 I1lgll, while in the dry season are

21.47 I1lgll, 13.05 I1lgll and 18.80 I1lgll for the three regions

respectively. And the concentrations of zinc in the rainy season are

0.039 mg/I, 0.029 mg/I and 0.033 mg/I, while in the dry season are

0.005 mgll, 0.0 II mg/I and 0.006 mg/I for the three regions

respectively.

The concentration of manganese in Khartoum North wells which

contains high concentration in the rainy season compared to that

concentration in lhe dry season. The concentration or this element in

both rainy and dry season are 0.019 I1lg/1 and 0.005 mgll respectively.

This is due to the fact that the rains dissolves substances from the

rocks.

Nineteen samples were collected from treated water of the three

rivers and wells water which stored in metallic and fiber glass tanks

were examined for their elemental composition in the rainy and dry
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seasons to observance the effect of storage. Very scatter individual

data was obtained.

For the three rivers the concentrations of elements in the two seasons

are presented in tables (3.5), (3.6) and (3.7) and also depicted in figs

(3.9), (3.11), (3.13) for the rainy season and in figs (3.10), (3.12),

(3.14) for the dry season, which showed the following findings:

The Blue Nile water when stored in fiber glass and metallic tanks

showed an increase in calcium and copper concentrations for both

rainy and dry seasons. An increase in iron and zinc concentrations was

found for the Blue Nile stored in fiber glass tank in the two seasons.

The concentrations of magnesium, nickel and lead for the Blue Nile

water stored in metallic and fiber glass tanks increased in the rainy

season and decreased in the dry season. An increase in iron and zinc

concentrations in the rainy season and decrease in the dry season for

the Blue Nile when stored in metallic tank was observcd. An increase

in manganese concentration in the dry season and decrease in the

rainy season for the Blue Nile stored in fiber glass was noticed. An

increase in sodium and potassium concentrations in the rainy season

and no change in the dry season for the Blue Nile stored in fiber glass

and metallic tanks was obtained. The concentration of cobalt for Blue

Nile increased in the dry season and no change in the rainy season

when stored in metallic tank, and no change in the rainy and dry

seasons when stored in fiber glass tank. The Blue ile water stored in

fiber glass and metallic tanks showed decrease in chromium

6t



concentration for the two seasons. The Blue Nile water when stored in

fiber glass and metallic tanks showed no change in cadmium

concentrations for both rainy and dry seasons. Decrease in manganese

concentration which found for the Blue Nile water collected during

the two seasons and stored in metallic tank.

The White Nile water when stored in metallic tank showed an

increase in copper, lead and zinc concentrations in the two seasons.

The concentrations of cobalt, iron, manganese, potassium, sodium and

nickel for ti,e White Nile water stored in metallic tank showed an

increase in the rainy season and decrease in the dry season.

The concentration of calcium increased in the dry season and

decreased in the rainy season for White Nile water when stored in

metallic tank.

Decrease in magnesium concentrations was found for the White ile

water collected during the two seasons when stored in metallic tank.

The concentration of cadmium in both rainy and dry seasons showed

no change for White Nile water when stored in metallic tank. The

White Nile water when stored in metallic tank showed decrease in

chromium concentration in the dry season and no change in the rainy

season.

The River Nile water when stored using fiber glass and metallic

tanks showed an increase in copper concentration for both rainy and

dry seasons.

62



When the River Nile water was stored in fiber glass tank, the

concentration of iron showed an increase In the two seasons. An

increase in nickel concentration was found for the River Nile water

collected in the two seasons when stored in metallic tank.

The concentrations of calcium and zinc for the River Nile water stored

in metallic and fiber glass tanks showed an increase in the dry season

and decrease in the rainy season.

The River Nile water when stored in fiber glass and metallic tanks

showed no change in cadmium concentrations in the rainy and the dry

seasons.

The concentrations magnesium and nickel for the River Nile watcr

stored using fiber glass tank showed an increase in the dry season and

decrease in the rainy season. An increase in lead concentration in the

rainy season and decrease in the dry season for the River Nile when

stored in fiber glass and metallic tanks werc observed.

The concentration of chromium increased in the rainy season and

decreased in the dry season for River Nile water stored in metallic

tank. An increase in manganese concentration in the rainy season and

decrease in the dry season for the River Nile when stored in fiber glass

tank were noticed.

Decrease in cobalt concentration was found for the River ile water

collected in the dry season when stored in fiber glass and metallic

tanks. No change in cobalt concentration in the rainy season for the

ltim Nile when stored in fiber glass and metallic tanks.
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The concentrations of iron, magnesium and manganese for the River

Nile water stored in metallic tank decreased in the two seasons.

Decrease in chromium concentration was found for the River Nile

water when stored using fiber glass tank in the dry season. No change

in chromium concentration in the rainy season for the River Nile when

stored in fiber glass tank. When River Nile water stored in fiber glass

and metallic tanks showed decrease in sodium concentration in the

rainy season and no change in the dry season. The concentration of

potassium decreased in the rainy season and no change in the dry

season for the River Nile water stored in fiber glass and metallic

tanks.

For the ground water the concentrations of elements in the two

seasons are presented in tables (3.8), (3.10) and (3.12) and also

depicted in figs (3.15), (3.17), (3.19) and (3.21) for the rainy season

and tables (3.9), (3.11) and (3.13), figs (3.16), (3.18), (3.20) and (3.22)

for the dry season. Which showed the following findings:

Omdurman wells water when stored using fiber glass and

metallic tanks showed an increase in zinc concentration for both rainy

and dry seasons. An increase in magnesium concentration was found

for the Omdurman wells water collected during the two seasons when

slored in metallic tank. Omdurman wells waler when stored in fiber

glass and melallic tanks showed no change in cadmium and chromium

concentrations in the two seasons.
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Omdurman wells water stored in fiber glass tank showed an increase

in copper concentTation for the two seasons. The concentrations of

nickel and lead for the Omdurman wells waler stored in metallic tank

an increase in the rainy season and decrease in the dry season were

observed. The concentrations of calcium, potassium and magnesium

increased in the dry season and decreased in the rainy season for

Omdurman wells water when stored in fiber glass tank.

Omdunnan wells water stored in fiber glass and metallic tanks showed

no change in cobalt concentration in the dry season. Omdurman wells

water stored in fiber glass and metallic tanks in the rainy season

showed an increase in cobalt concentration in the metallic tank and

decrease in the fiber glass tank. The concentration of copper for

Omdurman wells water stored in metallic tank increased in the dry

season and decreased in the rainy season. Omdurman wells water

stored using metallic tank showed an increase in potassium

concentration in the rainy season and no change in the dry season. The

concentration of lead decrease in the rainy season and no change in

the dry season for Omdurman wells water stored in fiber glass tank.

Decrease in iron, manganese and sodium concentrations were found

for Omdurman wells water stored in the two seasons using fiber glass

and metallic tanks. The concentration of nickel for Omdurman wells
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water stored in fiber glass tank decrease in the two seasons. Decrease

in calcium concentration was found for the Omdurman wells water

when stored in metallic tank in the two seasons.

Khartoum North wells water when stored in fiber glass and metallic

tanks showed an increase in copper and zinc concentrations for the

rainy and dry seasons. Khartoum North wells water stored in fiber

glass tank showed an increase in iron and lead concentrations for the

two seasons. An increase in sodium concentration was found for

Khartoum North wells water stored in metallic tank for the two

seasons. The concentrations of magnesium and nickel for the

Khartoum North wells water stored using fiber glass and metallic

tanks increased in the dry season and decreased in the rainy season.

The concentration of lead for Khartoum North wells water stored in

metallic tank increased in the dry season and decreased in the rainy

season.

Khartoum North wells water when stored in fiber glass and metallic

tanks showed no change in cadmium concentration in the both rainy

and dry seasons. When Khartoum North wells water stored in fiber

glass and metallic tanks showed no change in chromium concentration

in the rainy season.

Khartoum North wells water when stored in fiber glass and metallic

tanks showed no change in cobalt concenlration in the dry season. The

concentrations of manganese and sodium increased in the dry season
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and decreased in the rainy season for Khartoum North wells water

when stored in fiber glass tank. The concentration of calcium for

Khartoum North wells water stored in fiber glass tank increased in the

rainy season and decreased in the dry season. The concentration of

iron increased in the rainy season and decreased in the dry season for

Khartoum North wells water when stored in metallic tank. When

Khartoum North wells water stored in fiber glass and metallic tanks

showed an increase in potassium concentration in the rainy season and

no change in the dry season. The concentration of calcium for

Khartoum North wells water stored in metallic tank decreased in the

rainy season and no change in the dry season. Decrease in chromium

concentration was found for Khartoum North wells water collected

during the dry season and stored in fiber glass and metallic tanks.

The concentration of cobalt decreased in the rainy season for

Khartoum North wells water stored in fiber glass and metallic tanks.

Decrease in manganese concentration was found for Khartoum North

wells water in the two seasons and stored using metallic tank.

Khartoum wells water when stored using fiber glass and metallic tanks

showed an increase in copper, potassium and lead concentrations for

the two seasons. An increase in cobalt and nickel concentrations were

found for Khartoum wells water collected during the rainy and dry

seasons when stored in metallic tank.
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Khartoum wells water stored in fiber glass and metallic tanks showed

no change in chromium and cadmium concentrations for the two

seasons. The concentrations of calcium and zinc for Khartoum wells

water stored using fiber glass and metallic tanks increased in the dry

season and decreased in the rainy season.

The concentrations of iron and nickel increased in the dry season

and decreased in lIie rainy season for Khartoum wells water when

stored in fiber glass tank. The concentration of cobalt increased in the

dry season and no change in the rainy season for Khartoum wells

water when stored in fiber glass lank. Decrease in magnesium)

manganese and sodium concentrations were found for Khartoum wells

water in the two seasons when stored in fiber glass and metallic tanks.

The concentration of iron decrease in the two seasons for Khartoum

wells water stored in metallic tank.

In general, the Ouctuations 111 the concentration can be

attributed to chemical interaction of lhe water and the walls of the

storage tanks. The increase in the concentration of some elements as a

result of storage could be explained by dissolving the material

adsorbed by the water from the walls of the container. While the

decrease in other elements can be explained by absorption of the

elements from the water sample to the walls of the container.
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Table (3.1): Comparison between the concentrations (mgtl) 01"

elements for the three rivers water samples in the

rainy season

Locations River Nile Blue Nile White Nile

Raw Treated Raw Treated Raw Trealed
EI element

Ca 25.63 28.85 30.16 25.17 13.40 10.41

Cd 0.0015 0.0014 0.0015 0.0014 0.0010 0.0010

Co 0.0021 0.0027 0.0025 0.0026 0.0024 0.0013

Cr 0.0005 0.0006 0.0004 0.0007 0.0007 0.0008

Cu 0.0073 0.0039 0.0038 0.0061 0.0072 0.0038

Fe 2.060 0.490 0.037 0.002 0.196 0.163

K 6.10 4.60 3.10 2.60 12.50 890

M8 6.31 6.94 6.18 5.55 6.85 6.28

Mn 0.0072 0.0044 0.0166 0.0061 0.040 0.0147

Na 15.00 13.50 10.00 8.50 30.40 17.90

Ni 0.0051 0.0042 0.0047 0.0023 0.0033 0.0028

Pb 0.0051 0.0052 0.0056 0.0023 0.0033 0.0024

Zn 0.1195 0.0706 0.0134 0.0024 0.0203 0.0636
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Table (3.2): Comparison between the concentrations (mgll) of

elements for the three rivers water samples in the dry

season

Locations River Nile Blue Nile While Nile

Raw Treated Raw Treated Raw Treated
EI element

Ca 11.60 10.93 33.20 33.47 10.68 11.28

Cd 0.0003 0.0003 0.0002 0.0002 0.0001 0.0002

Co 0.0016 0.0016 0.0008 0.0008 0.0015 0.0014

Cr 0.0020 0.0030 0.0031 0.0041 0.0011 0.0017

Cu 0.0028 0.0025 0.0023 0.0032 0.0034 0.0028

Fe 0.363 0.029 0.049 0.038 0.153 0.033

K 11.10 10.00 4.20 3.20 11.50 10.30

Mg 6.64 6.38 7.31 7.47 7.88 7.07

Mn 0.0126 0.0040 0.0109 0.0202 0.0149 0.0135

Na 14.60 13.20 11.20 10.00 16.70 15.00

Ni 0.0035 0.0020 0.0063 0.0057 0.0025 0.0019

Pb 0.0007 0.0010 0.0020 0.0021 0.0009 0.0007

Zn 0.0057 0.0056 0.0095 0.0117 0.0063 0.0044
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Table (3.3): The average concentrations (±SD) of elements in the

ground water samples from different locations in the

rainy season

Locations

Omdurman wells Khartoum North wells Khartoum wells

£1 element

Ca 38.49±7.46 34.13±8.36 28.56±2.15

Cd 0.0016±0.000l 0.OOI5±0.OOOI 0.0014±0.000 I

Co 0.0033±0.OOOOI 0.0047±0.0030 0.OO25±0.00OO I

Cr 0.OO08±0.OOO2 0.0004±0.OOO2 0.0002±0.OOOOI

Cn 0.0049±0.0028 0.0026±0.0008 0.0030±0.0007

Fe 0.079±0.061 0.018±0.006 0.045±0.00 I

K 5.47±0.99 2.15±1.34 4.20±3.39

Mg 14.72±3.79 23.28±2.63 12.59±2.57

Mn 0.015±0.022 0.019±0.023 0.135±0.033

Na 42.87±21.75 30.35±I0.11 30.70±19.66

Ni 0.0050±0.0003 0.0071±0.0047 0.OO36±O.OOO7

Pb 0.OO56±O.OOO9 O.OO58±O.OOO9 O.OO29±O.OO03

Zll O.O39±O.O35 O.029±O.O 12 O.033±O.O 15
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Table (3.4): The average concentrations (±SO) of elements in the

gronnd water samples from different locations in lhe

dry season

Locations

Omdurlllan wells Khartoum North wells Khartoum wells

EI elemenl

Ca 40.17±6.81 40.42±11.82 29.46±2.07

Cd 0.0001±0.0001 0.000 1±0.OOOO3 0.0002±0.00002

Co 0.00 I7±0.0004 0.0016±0.00002 0.0011±0.0004

Cr O.OOSO±O.OOII 0.00S9±0.0004 0.0024±0.0009

Cu 0.0031±0.0018 0.002S±0.000S 0.0021±0.0009

Fc 0.OSI±0.070 0.014±0.00S 0.O31±0.002

K S.47±0.81 2.40± 1.13 4.2S±3.04

Mg 12.90±3.21 19.3S±2.20 11.47±2.28
. -

Mn 0.012±0.020 0.OOS±0.OO5 0.I08±O.050

Na 21.47±12.79 13.0S±2.76 18.80±9.33

Ni 0.0067±0.0022 0.0069±0.0038 0.0048±0.0035

Pb 0.002S±0.0003 0.0021±0.0007 0.0015±O.OOOS

Zn 0.00S±0.002 0.011±0.0001 0.006±0.00S
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Table (3.5): The concentrations of elements for the treated water

of the River Nile in the two seasons and the effect of

storage tanks

Samples
Treated waler of River Nile in Treated water of River Nile in the

the rainy season drv season

EI element Original
Fiber Metallic

Origitlal
Fiber glass Metallic

e.lass tan k tank tank tflnk
Ca 28.85 27.73 27.04 10.93 11.04 11.08

Cd 0.0014 0.0015 0.0013 0.0003 0.0003 0.0002

Co 0.0027 0.0025 0.0024 0.0016 0.0012 0.0012

Cr 0.0006 0.0005 0.0009 0.0030 0.0022 0.0015

Cu 0.0039 0.0048 0.0049 0.0025 0.0034 0.0032

Fe 0.490 0.750 0.060 0.029 0.035 0.026

K 4.60 4.40 4.20 10.00 10.00 10.000

Mg 6.94 6.70 6.43 6.38 6.44 6.31

Mn 0.0044 0.0046 0.0029 0.0040 0.0038 0.0026

Na 13.50 10.00 10.00 13.20 13.20 13.20

Ni 0.0042 0.0038 0.0044 0.0020 0.0026 0.0036

Pb 0.0052 0.0065 0.0062 0.0010 0.0008 0.0008

Zn 0.0706 0.0316 0.0316 0.0056 0.0164 0.0139
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Table (3.6): The concentrations of elements for the trealcd waler

of the Blue Nile in the two seasons and the effecl of

storage tanks

Samples Treated water of Blue Nile in Treated water of Blue Nile in the

the rainy season dry season

£1 element Original
Fiber Metallic

Original
Fiber glass 1etallic

lass tank tank tank lank
Ca 25.17 27.50 27.77 33.47 34.98 34.47

Cd 0.0014 0.00\4 0.0015 0.0002 0.0002 0.0002

Co 0.0026 0.0026 0.0026 0.0008 0.0008 0.0014

Cr 0.0007 0.0002 0.0001 0.004\ 0.0032 0.0036

C. 0.006\ 0.0084 0.0094 0.0032 0.0081 0.0044

Fe 0.002 0.018 0.017 O.oJ8 0.043 0.030

K 2.60 2.80 3.40 3.20 3.20 3.20

Mg 5.55 6.09 6.46 7.47 7.30 7.30

Mn 0.0061 0.0036 0.0026 0.0202 0.0220 0.0148

Na 8.50 10.00 13.50 10.00 10.00 10.00

Ni 0.0023 0.0041 0.0052 0.0057 0.0055 0.0043

Pb 0.0023 0.0033 0.0065 0.0021 0.0019 0.0017

Zn 0.0024 0.0537 0.0597 0.0117 0.0326 0.0107
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Table (3.7): The concentrations of elements for the treated water

of the White Nile in the two seasons and Ihe effect of

storage tanks

Samples Treated water of \Vhite Nile Treated water of White Nile in

in the rainy season the d.-y season

EI element Original Metallic tank Origin:l) Metallic tank

Ca 10.41 10.36 11.28 11.53

Cd 0.0010 0.0008 0.0002 0.0002

Co 0.0013 0.0017 0.0014 0.0007

Cr 0.0008 0.0009 0.0017 0.0012

ClI 00038 0.039 0.0028 0.0031

Fe 0.163 0.523 0.033 0.008

K 8.90 10.00 10.30 10.00

Mg 6.28 5.88 7.07 6.97

Mn 0.0147 0.0430 0.0135 0.0067

Na 17.90 25.00 15.00 13.20

Ni 0.0028 0.0042 0.0019 0.0015

Pb 0.0024 0.0081 0.0007 0.0011

Zn 00636 0.0782 0.0044 0.1434
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Table (3.8): The average concentrations (±SD) of elements in

Omdurman wells samples and the effect of storage in

the rainy season

Sample

Original Fiber glass tank Metallic tank

EI element

Ca 38.49±7.46 33.81±6.46 38.09±6.58

Cd 0.00 16±0.000 I 0.0014±0.0004 0.00 17±0.000 I

Co 0.0033±0.0000 I 0.0026±0.0008 0.0038±0.0004

Cr 0.0008±0.0002 0.0004±0.0005 0.0009±0.0002

Cu 0.0049±0.0028 0.0056±0.0008 0.0045±0.00 12

Fe 0.079±0.061 0.0 16±0.0 18 0.049±0.053

K 5.47±0.99 5.13± 1.40 5.53±0.92

Mg 14.72±3.79 13.53±5.79 15.19±3.61

Mn 0.015±0.022 0.004±0.003 0.004±0.002

Na 42.87±21.75 40.20±24.91 42.27±22.36

Ni 0.0050±0.0003 0.0044±0.0014 0.0055±0.0008

Pb 0.0056±0.0009 0.0051±0.0006 0.0064±0.000 I

Zn 0.039±0.035 0.092±0.0 18 0.098±0.050
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Table (3.9): The average concentrations (±SD) of elements in

Omdurman wells samples and the effect of storage in

tlte dry season

Sample

Original Fiber glass tank Metallic tank

EI element

Ca 40. I7±6.8 I 41.31±8.53 40.7±9.68
.

Cd 0.000i±0.0001 0.0002±0.00003 0.OO02±O.00002

Co 0.00I7±0.OOO4 0.00 I4±0.OOO3 0.0019±0.0001

Cr 0.0050±0.0011 0.0049±0.0012 0.0053±0.0018

Cli 0.0031±O.0018 O.0059±0.0030 0.0038±0.00 16

Fe 0.051±0.Q70 0.034±O.045 O.018±0.OI7

K 5.47±O.81 5.93±0.81 5.47±0.81

Mg 12.90±3.21 13.51±2.11 13.74±2.02

Mil 0.012±O.O20 0.004±0.OO3 O.003±0.0008

Na 21.47±12.79 12.17±10.68 21.17± I0.68

Ni 0.0067±0.0022 0.0066±0.0025 0.0059±0.OOI7

Pb 0.0025±0.0003 0.0025±O.OOO 1 0.O023±0.0004

ZIl 0.005±0.002 O.II3±0.162 O.166±0.186
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Table (3.10): The average concentrations (±SD) of elements in the

Khartoum North wells samples and the effect of

storage in the rainy season

Sample

Original Fiber glass tank letalJic tank

EI element

Ca 34.13±8.36 34.S8±9.19 32.46±S.8S

Cd O.OOIS±O.OOOI 0.OOI6±0.OOOI 0.OOI3±0.OOO2

Co 0.0047±0.OO30 0.003S±0.0009 0.OO30±0.0006

Cr 0.OO04±0.OOO2 O.OOO4±O.OOOS 0.OOO3±0.OO03

Cu 0.OO26±0.OOO8 0.003S±0.OOOS 0.0031±0.0001

Fe 0.018±0.006 0.044±0.004 O.O43±0.037

K 2.IS±1.34 2.2S±1.20 2.40±1.27

Mg 23.28±2.63 2I.SS±2.81 22.26±3.17

Mn 0.0 I9±0.023 0.00S±0.004 O.003±0.0004

Na 30.3S± 10.11 29.4S±8.84 31.2S±8.84

Ni 0.0071±0.0047 0.00S9±0.0040 0.0046±0.00 18

Pb 0.00S8±0.OOO9 0.006S±0.0000 0.00S7±0.0007

Zn 0.029±0.012 0.07S±0.On 0.040±0.0 17
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Table (3.11): The average concentrations (±SD) of elements in the

Khartoum North wells samples and the effect of

storage in the dry season

Sample

Original Fiber glass tank Metallic tank

III element

Ca 40.42±11.82 39.47±9.38 40.42± 12.27

Cd 0.0001±0.00003 0.0002±0.00004 0.0002±0.00007

Co 0.00 16±0.00002 O.OOIS±O.OOOO 0.0018±0.0003

Cr 0.00S9±0.0004 0.00SS±0.0004 0.0044±0.0009

ClI 0.002S±0.000S 0.0028±0.0009 0.0036±0.00 10

Fe 0.0 14±0.005 0.016±0.007 0.011±0.0001

K 2.40±1.13 2.40±1.13 2.40± 1.13

Mg 19.3S±2.20 20.18±1.93 19.80±1.46

Mn O.OOSI±O.OOSO 0.0077±0.0083 0.0033±0.0021

No 13.0S±2.76 IS.5S±6.29 IS.SS±6.29

Ni 0.0069±0.0038 0.0073±0.0042 0.01 17±0.0096

Pb 0.0021±0.0007 0.0027±0.00 I0 0.0026±0.0012

Zn 0.011±0.0001 0.026±0.019 0.060±0.000
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Table (3.12): The average concentrations (±SD) of elements in

Khartoum wells samples and the effect of storage

in the rainy season

Sample

Original Fiber glass tank Metallic tank

El element

Ca 28.56±2.15 25.94±2.64 28.18±1.20

Cd 0.0014±0.0001 0.0011±0.0003 0.0012±0.00001

Co 0.0025±0.00001 O. 0024±0.0002 0.0030±0.0006

Cr O. 0002±0.00001 0.0005±0.0007 O. 0004±0.0002

Cu 0.0030±0.0007 0.0034±0.0018 0.0042±0.0017

Fe 4.20±3.39 4.50±3.04 4.60±3.25

K 12.59±2.57 9.90±6.33 10.50±5.81

Mg 0.135±0.033 O.046±0.060 0.038±0.049

Mn 30.70±19.66 27.30±24.47 29.05±21.99

Na 0.0036±0.0007 0.0032±0.0001 0.0040±0.0006

Ni 0.045±0.001 0.036±0.032 O. 044±0.001

Pb 0.0029±0.0003 0.0039±0.0009 0.0047±0.00 13

Zn 0.033±0.015 0.030±0.012 0.028±0.007
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Table (3.13): The average concentrations (±SD) of elements in

Khartoum wells samples and the effect of storage

in the dry season

Sample

Original Fiber glass tank Metallic tank

EI element

Ca 29.46±2.07 33.06±2.16 30.27±1.65

Cd O.0002±0.00002 0.0001±0.00008 O. 0002±0.00008

Co 0.001l±0.0004 0.0017±0.0003 0.0016±0.0004

Cr O.0024±0.0009 0.0027±0.0012 0.0022±0.0004

Cu 0.0021±0.0009 0.0027±0.0005 0.0030±0.0002

Fe 0.03l±0.002 0.032±0.025 0.012±0.0001

K 4.25±3.04 4.80±2.26 4.80±2.26

Mg 11.47±2.28 10.23±4.31 9.99±4.52

Mn 0.108±0.050 0.033±0.003 0.012±0.006

Na 18.80±9.33 16.40±9.05 17.70±10.89

Ni 0.0048±0.0035 0.006l±0.0034 0.005l±0.0028

Pb 0.0015±0.0005 0.0019±0.0004 0.0016±0.0001

Zn 0.006±0.005 0.013±0.010 0.009±0.003
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Table (3.14) Comparison of results of water analysis with data

from litreature

River Blue White Taha Elkhatim Farah
Element

Nile Nile Nile BN WN River Nile BN WN

Ca 28.85 25.17 10.41 - - 3.385 28.2 15.2

Cd 0.00139 0.00040 0.00096 - - 0.004 - -

Co 0.00274 0.00260 0.00125 0.08 0.44 - - -
Cr 0.00061 0.00070 0.00084 0.7 2.4 0.003 - -

Cu 0.0039 0.0061 0.0038 0.31 0.55 0.35 - -

Fe 0.49 0.002 0.163 10.03 8.0 0.907 - -

K 4.6 2.6 8.9 5.2 12.5 5.0 - -

Mg 6.94 5.55 6.28 - - 13.14 5.8 7.3

Mn 0.0044 0.0061 0.0147 - - 0.008 - -
Na 13.5 8.5 17.9 29.4 34.3 21.0 - -

Ni 0.0042 0.0023 0.0028 0.41 0.8 0.525 - -

Ph 0.0052 0.0023 0.0024 0.02 0.03 0.05 - -

Zn 0.0706 0.0024 0.0636 0.11 0.17 0.017 - -

B.N = Blue Nile

W.N = White Nile

-
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Fig. (3.1)

Elemental concentrations (mg/I) of the River Nile

in the rainy season
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Fig.(3.2)

Elemental concentrations (mg/I) of the River Nile

in the dry season
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Fig.(3.3)

Elemental concentrations (mg/I) of the Blue Nile

in the rainy season
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Fig.(3.4)

Elemental concentrations (mg/I) of the BIue Nile

in the dry season
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Fig.(3.5)

Elemental concentrations (mg/l) of the White Nile

in the rainy season
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Fig.(3.6)

Elemental concentrations (mg/I) of the White Nile

in the dry season
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Fig.(3.7)
I
I Elemental concentrations (mg/l) of raw water

in the rainy season
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Fig.(3.8)

Elemental concentrations (mg/I) of raw water

in the dry season
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Fig.(3.9)

Elemental concentrations (mg/I) of storage River Nile

water in the rainy season
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Fig.(3.l0)

Elemental concentrations (mg/I) of storage River Nile

water in the dry season

...------------------------,- 0.0045

. 0.004 ::J-0.0035 OJ
E

0.003
lJ)

0.0025 g
0.002 ~.......

- 0.0015 l:
Q)

0.001 g
o

0.0005 U

o
Fb Ni Mn Cu

8ements

Cr Co Cd
o rv1etalik tank
• Fiber tank
o Original

Fig.(3.l0) Continue

Elemental concentrations (mg/I) of storage River Nile

water in the dry season

...-----------------------,- 14 _
...J

12 C,

10.s ~
~ ><

-8 0._ l:
.... N

- 6 ~ od...
4 l: Q)

- Q) LL
(.) ~

-2 l:o
o U

Zn Fe K rvlJ

Elements

Na Ca

I
I

o Metalic tank
• Fiber tank
o Orfginal

92



Fig.(3.11)
I

Elemental concentrations (mg/I) of storage Blue Nile

water in the rainy season
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Fig.(3.12)

Elemental concentrations (mg/l) of storage Blue Nile

water in the dry season
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Fig.(3.13)

Elemental concentrations (mg/I) of storage White Nile

water in the rainy season
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Fig.(3.14)

Elemental concentrations (mg/I) of storage White Nile

water in the dry season
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Fig.(3.15)

Average elemental concentrations (mg/I) of the ground water

in the rainy season
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Fig.(3.16)

Average elemental concentrations (mg/I) of the ground water

in the dry season
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Fig.(3.17)

Average elemental concentrations (mg/I) of storage water

of Omdurman wells in the rainy season
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Fig.(3.18)

Average elemental concentrations (mg/I) of storage water

of Omdurman wells in the dry season
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Fig.(3. I9)

Average elemental concentrations (mg/I) of storage water

of Khartoum North wells in the rainy season
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Fig.(3.20)

Average elemental concentrations (mg/I) of storage water

of Khartoum North wells in the dry season
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Fig.(3.21)

Average elemental concentrations (mg/I) of storage water

of Khutoum wells in the rainy season
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Fig.(3.22)

Average elemental concentrations (mg/I) of storage water

of Khartoum wells in the dry season
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CHAPTER FOUR

CONCLUSION



CHAPTER FOUR

4.1 CONCLUSION

The purpose of this study was assessment of drinking water quality in

Khartoum State. Thirty two water samples were collected from

different sources:

Seven locations were selected for the ground water, these locations

were selected with the aim of investigating possible polloution that

might arise from human activities such as Ummbadah near industrial

area, El thawra near power station, El fiteihap near White Nile, EI hag

Yousif in the market, El Riyadh near petroleum station, EI kalakla in

the last bus station, as well as EI droshap as a controlled area. Water

samples were collected from White Nile, Blue Nile and River Nile,

wells water and treated water from the three rivers which are stored in

metallic and fiber glass tanks. The measurements for all elements

were down twice in each location during the flood and after the flood.

Standard methods were used for samples collection and preparation

for the measurements, the analysis was carried for all samples using

Atomic Absorption Spectrophotometry (AAS) and flame photometre.

The concentrations· of thirteen elements were determined in the

various locations, these were Ca, Cd, Co, Cr, Cu, Fe, Mg, Mn, Ni, Pb,

and Zn using (AAS) while K and Na were determined using flame

photometre. The concentration levels for the trace elements Cd, Co,

Cr, Cu, Fe, Mn, Ni, Pb and Zn were lower than the detection limits for

(AAS) and pre-concentration by physical method was found for these

elements, the evaporation method of samples were obtained.

105

•



From the performed measurements for the concentrations of elements

in the studied area the following conclusions can be made:

The results indicate a certain seasonal variation, but the differences

are small compared with the sensitivity of the method.

The relatively big difference in the elements content in the three rivers

could be attributed to the difference in geological structure of the

regions transferenced by these rivers.

Almost the concentrations of Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na,

Ni, Pb and Zn are higher in ground water than in surface water, due to

increased dissolution of minerals.

There is no elemental contamination in the ground water resulting

from human activities.

The statistical analysis together with the chemical analysis revealed

that the concentrations of elements for ground water of the Omdurman

wells, Khartoum North wells and Khartoum wells are significantly

different due to geological set up and recharge system of the ground

water of each region.

The effect of storage of water in both fiber glass and metallic

tanks in elemental concentration was evident.

The concentrations of the almost elements studied in all samples in

this work are rather low compared to the maximum permissible

international levels provided by the World Health Organization

(WHO) and by the Sudanese Standards and Metrology Organization

(SSMO).
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4.2 Recommendations:

Proper selection and protection of water sources are of pnme

importance in the provision of safe drinking water. It is always better

to protect water from contamination than to treat it after it has been

contaminated.

Although it is rather difficult to attain the requirements of World

Health Organization (WHO) for drinking water, the following

suggestions must be put in mind.

Before a new source of drinking water supply is selected, it is

important to ensure that the quality of the water is satisfactory or

treatable for drinking.

The watershed should be protected from human activities. This could

include isolation of the watershed and/or control of polluting activities

in the area, in the case of a river, protection may be possible only over

a limited reach.

Sources of ground water such as springs and wells should be sited an

constructed so as to be protected from surface drainage and flooding,

to prevent public access and animals.

Careful storage of household water and regular cleaning of all

household water storage facilities.

The storage vessel should be designed from earthenware or plastic to

reduce the risk of contamination, it should have a secure, tight

fittinglid.
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Water container should be kept at a height that puts it beyond the

reach of children and animals.

When a household storage tank and pipes for drinking water are

installed, they should ideally be filled with water containing 50

mg/litre of chlorine and left to stand over night so that the system is

disinfected before use.

Fit a tap to the container for drawing clean water in order to prevent

contamination by dirty cups, ladles or hands.

Finally substances such as petrol, diesel fuel, pesticides, and solvents

should not be stored or used near water facilities.
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