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Almstract

Abstrace

This study focused on chemical and biological paramelers of Sirt
drinking watcr obtained from desalination plant. The rescarcher observed
that the desalination plant produces water without chemical treatments
which gives the produced water the required level of salts for drinking
water. The rescarcher established a mini chemical treatment unit in the
plant Jaboratory to suggest suitable method of treating the producing
desalted water 10 overcome the problem and provide a healthy and save

drinking water that meet with the required standards.

A total of 15 sites were selected for samples water analysis, Chemical
and biological parameters were determined and compared 1o the WHO
and Libyan Standard.

From the results of physical and chemical analysis it can be observed
the fluctuated values during period of the study specially production of
plant the sample (2) due to breakdown of plant between period and other,
and corrosion und erosion in wnits of plant. In addition, the production
water of plant is unsuitable as potble water according to international
drinking water standards (WI110) and the Libyan standards s a resull of
the produces water without chemical treatment. but, the vuter samples of
plant were suitable as drinking water where mixed by ratio 3:1 water of
GMmR with desalted water from the plant in company reservoir for £1ves
the production wuter the required level of salts for drinking water, but
mostly use the random mixing is for ectustion of water quality  for
studied samples in addition to the (ransport of water vig unhealthy, old

and unsuitable trucks to the consumers, and the contamination in
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perception reservoir sample (2) which supply water o plant  [rom

seawater.

Results of biological analysis indicates that the highest count values of
total count of bacteriu (T.C) of collected samples was in sample (9)
mixing water 3:1 GMmR water with desalted water which was
(>300CFU/1m) in June, September and December. However. the highest
value of total! coliform (1.C.F} values of collected samples was found in
samples (1), (2}, and (7) which reached 4CEU/100 ml, The total coliform
feacal {T.C.F) shows contaminated by E.coli bacteria in pereeplion

reservoir sample (2).

It is noticed that lack of maintenance of plant leads to Jow quafity of
produced water. Furthermore, the corresion of the plant units. in addition
there are two factors contributing in the contamination of environment
which are: opened Precipitation reservoir (feeding of the plant) and the

smoke rise from the plant.

Vi
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Intricluction

Chapter one: Part |

1. Introduction

I.1. An overview
Water is the basis of life. and the problem of water will always remain

as & mysterious phenomenon that confronts human beings and should be
treated wisely with long-term planning. Most water on earth is found in
seas and occans (72.8%) and accounts for 97.2% of the total amount. The
remaining 2.8% is metaphorically considered as useful drinking water.
2.1% is found as solid snow and 0.001% as vapour water that is found in
the acrosphere, only 0.6% is fresh water (Asillawi, 1989). ‘Theretore,
most ol the water on carth is sally and not used in agriculiure, indusiry
and drinking, Consequently it becomes more important to think scriously
about providing u useful source of water to fill the gap in natural drinking
water in many parts ol the world. One way of producing useful drinking
waler is desalination which is the pracess of removing salt from seawater:
it has been used in many arid countries around the world to provide a
reliable source of drinking water. The process dates back 10 the 4th
century B.C (Asillawi, 1989).

Desalination separates saline water into two products: fresh water and
watcr conlaining the concentrated salts, or brine. Such separation can be

accomplished by a number of processes. The three most common

laird. 1980). Distillation works by heating salty water to produce wuter
vapour which then condenses to form fresh water. Both the
clectradialysis and the reverse osmosis processes use membranes to
separate salts (rom water (Spicgler & laird, 1980). Sirt cily in Libya lacks

fresh water because of it is location next to (he Mediterranean enast, Sir
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desalination plant pumps desalinated water into the drinking waler
network. This water has to be treated and its natural properties may be
changed due 1o the type of pipes being used and its mixing process with
water from other artesian wells that are pumped simultancously in the

network.

1.2. Nature Water
The classification of greatest geologic interest is a genetic

classification of subsurface water. Eventually somewhat detailed genetic
classification may be possible; at the present. however. even the most
general genetic classifications are fitled with uncertainty. The main
problem in water lies in its distribution around the world, availability. and
quality (Fellmann er af.. 2003). Despite the fact thal the total amount of
water on the earth is enormous, only a small part of the hydrosphere is
suitable or available to be used by human beings, plants, or animals. Less
than 1% of the world's water supply is available for human use in fresh
water lakes and from wells. An additional 2% is effectively locked in
glaciers and polar ice caps (Fellmann er af., 2003; Bacnecowe, 996:
Gleick, 1996).

The total amount of water on the ground and under it is estimated to be
I5(H) million cubic km. Some of this water is chemically related to
substances that compose the atmospheric cortex with different chemical
bonds and this waler is known as water of crystallization and it amounts
0 230 million cubic km. "This amount of water decreases yearly by 170
cubic km, this quantity comes to the atmospheric surface and is known as
juvenile water and this increases the amount of sources of surface ground
water (Gleick, 1996). llence, we find that the amount of free water is
estimated 10 bhe 1270 million cubic km and this quantity cquals the

amount ¢f water with a thickness of 2700 m above the surface of the
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atmosphere which amounts to 510 million cubic km water and land or
equals the thickness ol 3700m above the total arca of scas and occans
only which amounts to 361.imillion km”. Despite the vast amount of
water, in terms of quantity we find that about 97.2% of it is saline water
which is not used in agriculture, industry or drinking (Davis and
DeWiest, 1996) .

There is a quantity of watcr estimated to at 2.1% as solid snow and
vapour water amounting to 0,001% which is found in the aimosphere
therefore, this kind of water cannot be use for any human purposcs
(Montgomery, 20003},

The remaining quantily above 0.6% of the lotal amount of waler in the
world cquals 8.36 million cubic km and 1s found as surface water in
lakes. streams, and rivers and underground and surface water, and ground
humidity found on the land and amounts to 148 9million km? (Asillawi,

1989: Al-Gariirt and Al-Salthi . 2004).
1.3. Water pollution:

Water poliution problems have been known since ancient times. The
early historical evidence of such problems are seen in the descriptions of
changing Nil¢ water into the colour red In certain periods, especially
Hood scasons, hence floed water carries 2 greal amount of basie nutrient
clements which increase phytoplankton’s reproduction in preater rates
and 115 spread on wide areas of water makes it change to the colour red .
In modern times population growth and the development of a varicty of
industrial activitics causes continually increasing pollution of rivers, scas,
and ocean water (o the degree that most rivers, lakes, and sca coasts are
incapable of auto fining Abd-Aljawad (1989). In 1961 WO issued the

following delinition of fresh water pollution:
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water strcam is considered polluted when its elements structure
changes or its position changes directly or indirectly because of
mankind’s activity. whosesoever, this water becomes less suitable to ils
specialized or specified natural wses (lafoun. 1977:Baahasi and Al-
Auoodal, 1997},

This definition includes water changes in terms of natural, chemical
and biological properties which may make water useless for drinking,
home, indusirial, and agriculiural consumption according (o thermal
changes resulting from thermal pollution {lafoun, 1977: Baubasi and Al-
Auoodat, 1997,

There ure many possible sources of chemical contamination; these
include wastes from industrial chemical production, metal-plating
operations. und pesticide runoft from agriculural lands. Some specific
pollutants include industrial chemicals such as chlorinated hydrocarbons:
heavy metals, including cadmium, lead, and mercury: saline waler:
bacteria, particularly Celi Forms and general municipal and industrial
wastes (Manahan, 2000),

In Libya most industrial sysiems are linear (unrecycled); they move in
one direction, In other words, the water is used and then dumped with out
reuse and with out any attention given to the impact of dumped water on
the environment (I3indra, 2003).

The effects of anliwupngenic activitics, industrialization and
urbanization on the accumclation of heavy metals and nutricnts in
sediments on watcr quality have been investigated. The comtamination by
heavy metals represents ane of the serfous problems to water supplics due
to the discharge of raw or insufficiently treated industrial waste into
walers or waste dumping (Zhao ef al, 2002; Cheung et af.. 2003).

Many chemicals have contaminated water supplies. These include

insccticide and herbicide runoff from agricultural land, and industrial
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discharge into surface waters. Also, there is a threat 1o groundwater from
waste chemical dumps and landfills, storage lagoons, treating ponds. and
other tacilities {Baahasi and Al-Auoodat, 1997; Viessman and Hammarr.
2003). General types of water pellutants include trace elements, heavy
metals, inorganic pollutants, algal nutrients, acidity. alkalinity, salinity in
cxcess, trace organic pollutants, pesticides, petroleum wastes, sewage,
human and animal wastes, pathogens. detergents, sediments, taste, odour
and colour, ashestos and radio nuclides. Sources of polluted runoft arc
acid rain. automobiles, and combined sewer overllows, conslruction sites,
erosion, cxcess fertilizers, herbicides, and insecticides, faulty scptic
systems, faccal deposits from domestic amimals and wildlife, improper
disposal of chemicals. One of the reasons for pollution of potable water 15

through use of the plastic pipes (Holsen etef.. 19911 Manahan, 2000).

L.4. Water analysis
L.4.1 pH

pHl value is onc of the most important values used in analyzing water.
The pl indicates activity and cfticiency of hydrogen ion in water. pH
vatlue in natural water is usually balanced. light base or acidic, and it is
generally located between (4-9). A ralsing or lowering in this value is due
to the cxisicnce of water pollutants. Most patural water tends lightly
towards the base as a result of the exisience of carbonate and bicarbonate
in L.

A decercase of pH value in water affects the balance of carbonatc and
bicarbonate. which leads to in the release of CO; gas. Consequently this
can alfect the lile of water livings. However, if the value of pH is Tower
than 4.3, this will lcad to melting some materials such as iron, aluminium
and magnesium which in tum increascs the concentration of these metals

in waler. Therefore, when treating water it is important to indicatc that the
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pHl value should be known before and afier its entrance to the treating
stations and during the stages of treatmeni. because of its direel cffect on
operations inside stations and on the transportation tubes {Abaadi. 1950:

Pontins & Clark, 1999}

1.4.2, Hardness
The ability of water to sedimentate soap is called hardness. The hard

water Is the water Lthat requires a quantity of soup Lo give foam. Salis of
hardness are found in the form of carbonate, bicarbonale, chlorites,
sulphates and nitrates of calcium, magnesium and iron jons. Lard water is
found when the rain falls on the ground and solves salts, Solvability of
salis with rain water is duc to the existence of CO; gas in the soil.

Sea water is the natural water that contains high concentrations of
sodium irons which cause soap sedimentation which fills water with foam
due to the quality of common ion, but it is not accounted from the hard
water because sodium does not cause the hardness, and this is called
pseudo hardness (Abaadi, 1930; WHO, 2004),

According to the water resource, the hardness of water differs.
Therelore surfice water has less hardness than ground water 1n sequence
with the geological feature of the ground on which water flows and
passes through. The measure of hardness is an important issuc according
to which diflerent water uses are determined and considered as a basis in
designing desalination units. Hardness results from other causes. such as
iron cspecially when found in water with important concenirations. This
must be taken into consideration. knowing that their concentrations in
natural water are few because of its selvability in water in the natural pH
of drinking water. In the ‘Iripeli water netwaork it was noticed that high

value of water hardness increases led to blocked tubes of the water
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network and the damage te heaters in a very short period {(Al-Asaawi.
1998},

Hard water also damages clothes quickly as a result of sedimentation
af iron salts which is oxygenated to produce ferrite which leaves red spots

on the tabric.

L.4.3. Alkalinity
Alkalinity can be defined as the measure ol water's ability to balance

the level of acid to a cerlain value of pil. The existence of this alkalinity
in natural water 15 in accord with the existence of the light salts of acids
and the hight and strong salts of alkalis such as salts of carbons and
bicarbons. These form the greatest part of alkalinity in addition 1o the
hydro-oxides which increase the alkalinity in water whereas the salis of
boracites and silicates represent a low amount of alkalinity in water.
Alkalinity can be classified according to the pll value, therefore. water
that has more than 4.6 value of pH will contain alkalinity, and water that
has o value of 9.5 of pH will contain hydroxide alkalinity (Abaadi, 1990).
In most kinds of watcr, alkalinity is found in threc basic states:
Carbonate alkalinity. Bicarbonate alkalinity and Hydroxide alkalinity.
These three tvpes correlate with each other. lence, any change in the
conc¢entration of cach will change this equilibrium and consequenily will
change the pli value. There is another reason behind the increase of
alkalinity in water; this is the growth of parasites that consume dioxide
curbon from water during dav time. The high amount of alkalinity causes
the crosion of lubes and hoilers, so it is very important to determine the
alkalinity ol waler for the purpose of determining its wscs and to control
erosion, treat waler and solve the problems ol parasite growth {Abaadi.

1990 Trudgill er. af.. 1999),



Introduction

1.4.4. Electrical conductivity (EC)
Electrical conductivity is defined as a numeral value that shows the

ability of water to carry an eleciric current. This vahie depends directly
on lhe concentration and equivalent of the solvabie ions that are found in
witer with water temperature while measuring, because they have a direct
¢flect on the motion and direction ol different ions. The EC of waler
increases at the rate of 2% when ils (emperature increases by one degree
percent (Patnatk. 2004; Pierce er af. 1984).

Muast of the non-organic acids, alkalis. and salts, which arc solvable in
waler, are good conductors for electrical current, whereas the organic
salts and acids are bad conductors because they are lightly ionized in

water (Abaadi. 1990,

1.4.5. Total dissolved solids (TDS)

The Origin of Total Dissolved Solids in drinking-water from natural
resources., urban runoff, industrial waste water and  sewage.
Concentrations of TDS in water vary considerably in  different
geologicat regions. They consist of inorganic salts such as potassium.
caleium, sodium. magnesium, sulphates, chlorides and bicarbonaies in
addilion to amounts of organic matter that are dissolved in water, The
limited value of TDS should not be more than 1000mg/l., and the
stundard also recommends that the ideal limit in drinking water js

500mgp/L, (WHO. 2004),

1.4.6. Turbidity
‘Turbidity is caused by the exisience of hanged matter in water such as

soil, sand, mud, organic furry bodies and the other microscopic livings
(W0, 2004,
The volume of bodies that cause wrbidity in water s estimated to be

10nm (ubout 0.1mm). It is also possible Jor organic turbidity (o result
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from the accumulation of microscopic livings with amounts that are
enough for the water to have unpleasant {asie and turbid colour. an
example of this turbidity is the blue parasites thal are green in summer in
surface water. The healthy side of turbidity is that if it exceeds the
indicated value which is S units of turbidity on NTU., water will be

unacceptable for the consumer (WHO, 2004 Abaadi, 1990).

1.4.7. Temperaturce

Temperature plays a vital role in soluble matters and gases n water
particularly in dissolving exygen and catbon dioxide. In addition, it 15 an
important factor in determining the activities and ¢fficiency of hydrates
and bacteria (Abaadi, 1990). The temperature of water depends on the
scason and the temperature of the earth. In surface water. the temperature
is affected by the raising and lowering of the level of sea surface, the
season, the sun, flow and depth of water.
As the temperature increases, the speed of the chemical reactions in water
will increase with the increasing of evaporation and llutter out of some
matter from the water. Increased temperature also decreases the solubility
of gases such as oxygen, carbon dioxide. nitrogen and ammonia. [ also
affects the micro livings in water. In warm water the rate of breathing
increases. therefore., this increases the consumption of oxygen which in
turn increases thermolysis of organic matters. And also the growth of
bacteria will be multiplied which subsequently increascs turbidity of
water, It is important to indicatc that the best degree of temperature for
drinking water is between 7 and 11°C; at this rate water has a good and
refreshing taste, because soluble gases in water will he Jeercased in hot

waier, and its aste won’t be good and won't stop thirst (Aoown, 2000},
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Temperature alse has an effect on comosion in the systems ol water
treatments; it increases according to the increase of lemperature {WHO.
2004).

1.4.8. Colour

Natural water gains a colour because of the existence of some jons
such as iron and magnesium or resulted from the black matter humics
which s residuc lrom the corrosion of plants and animals that exist in
waler or because ol the existence of the Nittle pimples of soil, ptants and
parasites or as a result of throwing domestic and industrial residues into it
{Abaadi, 1990),

Colour and turbidity in water determine the depth that can be reached
by light. Pure water 15 colourless in shallow levels . bt it is bluish-green
in decper levels . natural water ranges in its colour from less than five
degrees in pure water to three hundred degrees in water with dark colour

(Aonown. 2000} .

1.4.9. Taste & Odour
The tastc of water is the fecling resulting from the reaction between

saliva and dissolved matters in water, Odour usually indicates abnormal
biological wclivity and may be of natural or man-made origin (WHO,
1984}, Hol water increases the rate of degencration and digestion that
cause odour. Also pH and its different levels affect the rate of chemical
reactions within matter that cause odour. ‘The need to investigation taste
and odour increases when the control on odour should be in stations of
treating water (Abaadi. 1990). Problems of 1aste and odour are considered

10 be the most familiar problems of consumers.
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1.4.10. Sulphate
Sulphates are found in water. ‘They have limited solubilitv, so their

concentrations are low In surface water but they increase in ground water.
Most sulphates cither originate from the melting of sulphate oxides by
rain waler which are thrown into the air as a result of scorching fuel that
finally gocs 1o water, or as a result of dissolving sulphate structures that
are found in terrestrial cortex by water, or as a result of throwing liquid
residucs that contain sulphate, particularly residues of fertilizers, paper
and oil fillering industries.

Sulphates are considered to be one of the factors that cause permanent
hardness of water and also cause saltiness when their concentration is

more than 200 mg/L (Abaadi. 1990).

1.4.11, Chleride
Chleride is considercd to be the most important negative ion that exists

in natural water and gives water the salty taste specially when it joins
with another ion and forms sodium chloride (NaCl). ‘The existence of
chloride ions in high concentration gives mineral tubes an erosive effect
in addition to its effect on plants (Abaadi, 1990; Reeve, 1994).
Delerminers of taste for chloride in drinking water have levels: 210
mg/l. for Sodium Chloride, 310 mg/l. for Potassium Chleride, 222 mo/L.
for Calcium Chleride. All these levels are within the rate of chloride
concentration 200-300 mg/L (WHO, 2004) whercas the concentration of
chloride in sea water reaches 2000 mg/L. (Abaadi, 1990}, Concentration
of Clin drinking water varies according to the nature of the rocks through

which the watcer passes.

1.4.12. Caleinum and Magnesium
Calcium and magnesium are alkaline carth metals. Magnesium is found

in water with various concentrations and it is mestly found in mineral

11
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waler and scas, whilst in hard water, concentrations of calcium and
magnesium increase on account of two alkaline elements which arce
sodium and potassium ,

Calcium is related closely to the hardness, concentration of Ca & Mg in
natural water should not exceed 200 and 30 mg/L. respectively according

te WHO standards {(WHO, 2004).

1.4.13. Potassium and Sodium

Potassium is [ound in drinking water with very little concentration,
about 20 mg/l., whereas in salt water it can be more than 100 mg/L
(Abuaadi, 1990 WHIQ, 2004).
In ground waler, levels of sodivm differ largely but naturally it is about
130.6 mg/L., and the high levels are related Lo salty soils. But in surface
waler, sodium concentration may be less than 1 mg/l, or more than 300
mg/L in accordance with the geographical arca {WHQ. 2004). Salts of
sodium cannot cause sedimentation or participate in raising the hardness
of water. but it can raise alkalinity of water (Asillawi. 1989).

Sedium and potassium are usually accounted together because of the
difficulty of chemical analvsis and the monologic importance is
considered jointly. [n additton, both of them belong to alkaline elements

that have similar chemical characteristics and propertics.

1.4.6. Nitrogen compounds

Nitrogen compounds are found in water in many forms such as nitrate,
ammonia and organic nitrogen in addition to nitrogen gas and all of them
are pari of the components ol the nitrogen cycle in nature and the sources

of these compounds in waler are variable.

12
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Sources include the use of fertilizers, materials of dead plants and
animals, liquid domestic residues, land drainage, industrial residues and
leakage of refuse collections (Abaadi, 1990: WHO, 2004},

Levels of nitrate in water are less than 5 mefl. (Binahmeeda. 1997 Al-
Asaawi. 1998: Salamch er. al. 2002) but it may be found with levels
more than 10 mg/l. in some small sources of water. Many studies
demonstrate that nitrate levels arc in the range of 20 to more than 200
mg/L., but this scldom occurs. The maximum allowed limit ol nitrate in

drinking water is 45 mg/L (WHO, 2004).

1.4. 7. Meials
The existence ol some metals in natural water, domestic walgr, and

industrial residues is @ ¢ritical problem because of their toxic property,
cspecially through daily use which eases the leakage of it to the
environment and particularly to water where the existence of some metals
with certain concentrations is toxic and harmful. Semc metais are nol
harmful; rather, they are essential for the nutrition of hydrological livings
and neccessary for their growth such as calcium, iron. potassium and
sodium. High concentration of metals such as Cu, Ni, Cr, and Fe in water
may harm and poison hydrological livings because of their toxic eftects,
and that is because melals cannot be degenerated by bacteria, but they
assemble, their concentrations increase gradually, they may be stored in
the tissues of living cells and may travel long distances from their source

in water.,

1.4.8. Heavy metals
Heavy metals are among the most harmful of the elementai pollutants
and are of particular concern because of their toxicities to the human and

aquatic environments. The presence of heavy metals has been reported in

13
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several studies on natural water (Ashelmani. 2004; Abaadi, 1990; Ziadat.
2005) this indicates the contamination occurred duc the leak of industrial

wasle to the drinking water path or reservoirs.

1.4.8.1. Iron

Natural water contains iron and its concentration may naturally reach

Img/L. in surfucc water and its ratc may increasc in groundwaler.
The existence of iron in water takes the form of Fe'? unless the water is
under the conditions of reduction and the absence of ventilation where the
iron is found in the form of Fe*. Iron in water is exposed to constant
reduction and oxidation with the assistance of bacterial ¢xistence
(Abaadi. 1990).

The main source of fron in water 15 the industrial residues which
contlain structures of ron {Abaadi. 1990), er from the dissolved earth
coricx components (Abaadi, 1990), and it may be as a result of the rust of
pipes that transport water (Abaadi, 1990), [f waler containg a
concentration ol iron more than 2 mg/L, then the tuste of water will be
bitter, in addition clothes would be coloured when they are washed with
such water (Abaadi, 1990). Usually, concentrations of iron in drinking
water are less than 0.3 mg/L. (WHO. 2004; Asillawi. 1989 Ashelmani,
2004)

1.-4.8.2. Mangancse:

Manganese is found in natural water, both surface and groundwater in
two forms, dissolved and suspended, and in fresh water. Mangancsc is
found in amounts of one microgram up to thousands of micrograms per
litre In accordance with the location. Its concentration increases in the air
surrounding industrial areas and reaches 0.3pg/m’ and decreases 10 (.03

ug/m® in non-industrial areas (Gray. 1999; WHO, 2004: Abaadi, 1990).
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1.4.8.3. Zine

Zinc is an efemem that is found abundantly and represents about 0.04
g/kg of the canh’s crust. The commonest zine metal is zinc sulphate
which mosily associates other metallic elements, such as lead, copper and
iron. The natural content of zine in soil is between 1 and 300 mg/kg. The
existenice of zing in Lap water is clearly much more than that in surface
waler because the pipes, yellow copper and structures containing zine
cause waler leakage. In general its concentration in lap waler ranges from

0.01 to 1 mg/l. (WO, 2004).

1.4.8.4. Nickel

Nickel is found rarely, however, it represents 0.01% of the earth’s crust
and usually results as an output of washing seil from metals. Many of the
nickel salts are solvable in water and their levels in surface water reaches
the amount of one mg/L, though levels are wsually less than 5-20

micrograms per litre (WIL0Y, 2004).

1.4.3.5. Copper

Copper and its structures are found largely everywhere in the
environment, conscquently it is found much more in surface water.
Copper may reach water by way of industrial residues or from the erosion
of pipes that contain copper. In drinking water, at the consumer tap the
concentration of copper is higher than that at the water source or the
watcr trealment within the distribution network. Levels of copper in
drinking waler vary and range from 0.01 to (.05 mg/l., whercas the

recommended indicator value 1s 1.0 mg/l (WH, 20043,
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1.5.2. Bacteria

Acrobes and anacrobes bacteria may be found in water and perhaps
the most imporiant in drinking water are the cofiform group. One of the
members of the coliform group is Escherichi cofi (E.colfy which is
facultative and not pathogenic when ingested (Gray. 1999; Bames, 1981:

Singleton, 2004; Enger and Ross, 2003).

1.6. Desalination of water
There is 4 shortage of fresh water supplies in the world. The shortage

of water is expected in 2010 to be less than [0 million m3 per day in the
Mediterranean countries alone. Scawater is the largest water source
available and is still relatively unpolluted compared with existing fresh
natural water (Cooley, 2006).

In some places in the world such as south Asia, the Middle East and
LEast Alrica groundwater is not preferred due to the high levels of arsenie,
fluoride, iron, or salt levels. In addition, the irrigation wuler is often the
only waler available for drinking water, bathing, and washing. The
quantity and quality of irrigation water available for drinking and
domestic hygicne is more important than the quality of water. Many
countrics have faced a continuous sequence of dry scasons and have
limited water resources. For that reasans desalination 15 used to reduce
the potable water shortage (Tubet, 2005; Goto, 2002).

e desalination process may be defined as the recycling of salty water
such as sea watcer 1o produce usable water by removing the unwanted
materials by one or more of the following techniques or methods which
can be classilied into two groups: thasc that remove salt from the water
such as Electro dialysis, lTon Exchange, Adsorption and Liquid Extraction

and those that separate the water from the solution, such as Muiti-Stage
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Flash Multi-Effect Evaporation, Vapor Compression, Solar Desalination
Freezing and Reverse Osmosis (Workshop on water and wastewater

treatment. [993).

1.6.1. Seawater Qualities

Seawaler is not a homogenecus solution, and it varies by time and
location. Feature of sea water include its level of salinity and its TDS.
While standard sea water and the Atlantic Ocean have about 37500ppm
TDS. Mediterranean scawater has about 38500 to 39500ppm TDS. The
Red Sea average and the Gulfl area are 42300 to 45000ppm TS, and
43000 1o 52000ppm TDS respectively. The conients of seawater such as
calcium sulphate, calcium carbonate. and magnesium hydroxide. are

important for desalination {Al-Bassiouny. 2003; Final report, 2004).

There are some reasons for seawater desalination which can be
summarized as; seawater is a large source of available wuler for current
and fulure use, and the level of pollution is low compared with other

source of water (Cooley, 2006; Fath, 2003).

1.6.2. Product water quality

‘the product water through the desalination process for drinking water
should have 1otal dissolved solids (TDS) contents that vary from 50-500
or higher. Also the distillation plants can produce product water with
fundumentally zero TS contents using membrane processes. However,
the product water for drinking water should be complying with World
Health Organization’s guidelines which are shown in the table in the

appendix (Cooley, 2006; Al-Bassiouny, 2003: Alghariani, 2003).
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1.6.3. Classification of the dMethods of Desalination

These methods vary but it is possible to classify the process into 1wo
groups: those that remove salt from the water; namely, Multi-Stage Flash,
Multi-Effeet  Evaporation, Vapour Compression, Solar Desahination,
IFreczing, and Reverse Osmosis. And those that separate the water from

the solution; namely, Electro dialysis and lon Exchange.

1.6.3.1. lon exchange

This mcthod involves the removal from solution of one type of ion and
its replacement by an equivalemt quantity of another ion of the same
charge. lHowever, ion exchange can also be used for selective removal of
cerfain ions such as scale-forming ions. One such unit utilizing, weakly
bond to replace of Na' lons, and removal of jons such as Ca™ and Mg'?,
from water. (Cooley, 2006; Al-Absar and Al-Mabrook, 2006; Arfiida,
1995: I'inal repart, 2004).

1.6.3.2. Solar Desalination

This method depends on the solar system for ¢vaporation the sea water
which is condensed on cold surfaces then cellecied in pipes and finally
becoming ready for drinking. This method has many advantages such as
its suitahility for remote and sunny areas, being inexpensive makes it very
attractive, and it has little impact on the desalination water produced
glubally (Cooley, 2000; Al-Abaar and Al-Mabrook, 2006: Arfiida. 1993;
Final report, 2004),
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1.6.3.3. Freezing:

In theory this technique needs low encrgy compared with other
desalination methods. However, this method has some drawbacks such as
a high consumption of power and is quite expensive because it requires
large compressors for its low pressures. In addition. the contamination of
product waler with salt water 15 a problem, and the efiiciency of operation
is low because of need to wash ice with product water. This method is
hased on the idea that crystals of ice made lrom saline water are free of
salt which is similar to distillation that produces steam without salis. The
difference between this and the desalination method is that the
surrounding temperature is lower. ‘The freczing technique consists of
direct (vacuum flash process) and indirect freezing, The main advantage
of this method is reducing the corrosion and the precipitation due to the
fact that the process works at relatively low temperature (Cooley. 2006:

Al-Abaar and Al-Mabrook, 2006; Arfiida. 1993; Final report, 2004).

1.6.3.4. Multi Effect Distillation (MED)

Multi Effect Distillation contains three multi-effect distillers which
utilize the vapours thal arise from the first ¢vaporator so the vapour will
be condensed in the second cvaporalor, Accordingly, the temperature of
the condensing is used for boiling the seawater in the second evaporator.
As can be observed, the sccond evaporator works as a condenser for the
vapour from the first evaporator. The vapour from the first evaporator has
the same function of the heating vapour in the first cvaporator. These
procedures are upplied in same way for the third evaporator. The
evaporator in this chain is called the effect (Cooley, 2006: Al-Abaar and
Al-Mabrook, 2006; Arfiida, 1995: Final report, 2004),
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1.6.3.5. Electro dialysis (ED)

[n Electro dialvsis, the salted selution contains dissolved ions which
spread in water 10 neutralize their charges. Therefore, when the electrical
polars are connected with extermal electrical power, te  reach
neutralization, these ions move toward opposite directions. [n other
words, positive ions will go to anode and vice-versa, In using this method
for desalination, morc than one membrane is utilized. One of the
membranes 1 for positive charges and the other for the negative charges
and between the membranes two plales are used. One of the plates works
as a channel for carrying feed water and the produced water and the other
plate works as a channel for brine discharge.

The ions move in opposite directions through the selected membrane
either for the positive or the negative. Two selutions are obtained, one is
congentrated and the other is not, between the membranes which called
the cell. The electre-dialysis unit contains hundreds ol pairs of cells that
are comeeted with electro-polar which called the assembled membranes
(Coaley. 20006; Al-Abaar and Al-Mabrook, 2006: Arfiida. 1995: Final
report, 2004 ).

1.6.3.6. Multistage Flash (MSF)

[n the Multistage Flash method the heated sea water is passed through
low pressure rooms from stage to stage in sequence. First, the water turns
1o stcam which condenses over cold surfaces, Alter tha, the condensed
stcam e, waler 15 collected and treated to be ready lor drinking. This
method is emploved in a large capacity desalination plant. By using this
process [rom source water which has high salt content (60.000 o 70.000
ppm TIS), can be produced high quality fresh water with a very low salt
concentration (10ppm or less) (Cooley. 2006; Al-Abaar and Al-Mabrook.
2006; Artiida, 1993: Final report. 2004).
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1.6.3.7. Methods of Compression

There are two basic methods used to compress water vapour. The first
is to usc a compressor which can be powered by any rotating source such
as an clectric motor, diesel engine. steam turbine, etc. Normally, either
clectric or diesel power is used. The second method is 1o use a steam
ejector. ‘This method is ofien considered feasible where a quantity of
surplus waste steam exists; otherwise, producing steam svlely for the
purpose ol operating an cjector would not be economical. Both methods
of compression produce the same result-potable water. ‘The steam ejector
plant is casy to install and start up. and requires considcrably less care
and atiention than a plant using a compressor. However, it is not as
thermally cfficient in producing water as a compressor operated plant

(Final report, 2004).

1.6.3.8. Yapor Compression

The wvapour compression process (also referred (o as “vapour
recompression”} diflers from the MSI and MED in the sense that it does
not usc an external vapour source but uses its own vapour after it has
been compressed. This process has high economy of energy but the
nceessary presence of mechanical energy by using a steam-gjector
compressor {Cooley. 2006; Al-Abaar und Al-Mabrook, 2006; Arfida.
1995: T'inal repart, 2004).

1.6.3.9. Reverse Osmosis (RO)

The Reverse Osmosis process has more reeently been shown to be the
mosl remarkable improvement among cxisting desalination processcs,
owing Lo advancements in membranc technology., RO is called by this

name due to it being the opposite of dircet osmosis. [n other words, direct
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osmosis can be explained as a movement of a solvent from a weak
solution to the two solutions {(Al-busaidi. 2004). This movement 1s free to
rise and fall through the membrane. After that the strong solution level
will move up but the weaker will fall. This process continues to reach a
high pressure between solutions which equals the osmotic pressure over
the membrane where the two solutions reach the equihibrium. The process
is worked in reverse when a pressure is higher than the osmotic pressure
that performed to a strong selution. In addition, the solvent moves
through the membrane into the weaker selution in the compartment. This
is known as reverse osmosis {RO) (Cooley, 2006: Al-Abaar and Al-

Mabrook, 2006: Revans, 1994 Grossblal, 2002).

1.6.4. Desalination in Libya
Libya has a total surface area of 1,760,800km’ mostly Saharan descrt

and it 1§ a very arid country. In addition, it has coastal area ranged about
2000km and 85% of the population is concentrated along it. For this
reason desalting of seawater is very important to offer potable water
(Ghurbal & Ashour, 2003: Busreewil, 1980: Arfiida, 1995).

In this study we consider the MSF plant here in Sin City in Libva
which was first constructed in 1990 and compare the results with our new
maodel. [n fact the MSF plant tvpe which is in operation here in Sirt City
is a once through medel with tube length 24m and tube diameter of
17mm with 0.5mm thickness being a 1:1 heat exchanger wpe (Al-
Bassiouny, 2003; Al-Abaar, 2006).

Sirt city is one of Libya’s coastal citics and sullers from a shortage of
natural drinking water. The main source of drinking water in Sirt city 1s
GMmR water and desalination water, produced by the Sirt desalination

plant.
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1.6.5. Sirt desalination plant
The desalination unit works in muliistage flash (MSF) which means

hecating the sea water in a vesscl, above boiling point, without allowing it
to cvaporaic in this vessel. The seawater is 1aken to another vessel 1o
cvaporite,

This desalination plant consists of six units which are divided into 39
stages und a thermal heating unit. The scawaler is pumped rom the sca
basin by turbine brine to the 39 stages where the water passes through
multiple thin pipes (15mm diameter) {Al-Bassiouny, 2003).

These pipes start in 4 serial order from 39 to the number 1 stage and
from this stage 10 the thermal heating unit where it is heated by the
vapour which comes from a boiler where the vapour closes the thermal
heating group from outside {whereas the sea water passes through) and
heats it by the thermal removal thin pipes to take out hot bring from the
thermal heating to the units starting in o serial order from [irst stage till
the stage number 39 where the vapour scparated a1 a height from hot sca
water then returns (o condensate around a group of units at a height where
the cold brine passes through to the thermal heating, The condensate
vapour ol the brine gathers as produce water inside coliection water
basins which are designed under multiple pipes in cach stage and all
collection water basins are connected to cach other (Al-Bassiouny. 2003,

The produce water is pumped from the last stage by the product water
pump and expels (forces out) the extra brine, which is not vaporized by
seawater expulsion pump to the sea. Thus, the process of desalination
continues. The collected water is stored in three reservoirs each one of
which measures: 3000m’ then transmuted 10 drinkable water in the
ireatment unit. The gases which are formed inside the uniis are eliminated
by a gas vacuum system which sucks the gas at high pressure vapour

propulsive force to the filters. The condensed vapour inside the thermal
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hcating. which 15 used in heating, is pumped to feed water reservoir for
transmutation to a vapour in the boiler once again and for operating the
turbine in place of the electro pumps. The addition of poly malic, which
15 anificially known as (belgard EV) with injection ratio 2.5 ppm. will
prevent salts of precipitation. And to prevent the accumulation of the
foam and gas turbine inside the vapour, inorganic substance (170
propanol) is added and its oxides which are known as (Bellte M8) with
ration injcetion .16 ppm. [f it is nceded, concentrated sulphuric acid is
used to clean the units and pipes. The desalination unit is provided with
stcamn by two boeilers each having two Bunsen burners. Each Bunsen
burner has a tan, The boilers are of the flame pipe type and each has the
capacity 10 produce vapour by 90% load equal 10 27.5% vapour with
pressure 10,40 BAR. Also, the addition of some chemicals to the water
reservolr prevents the boiler feed water reservoir from crosion and

corrosion (Al-Bassiouny, 2003}

There are chemicals added such as Sodinm suiphate (NexSO ) which
absorbs the oxypen which is available in the boiler wualer, this oxygen
increases with the risen lemperature to prevent crosion and corrosion.
Sodium phosphate (Na:POy is added to increase pH of the water to
minimize the erosion and corrosion of the internal parts of the boiler and
10 form a viscous laver between the water and the iniemal surface of the
boiler. The addition of these salts with minimum ratio 1o distilled boiler
walcr is enough to keep the adequacy of boiler 1o produce the quality
vapour. There should be a control on the conductivity coefficient of boiler

feed water which should not increase to morc than 25us.
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1.7. Literature Review

The purpose of this section is to describe the previous studies. 1t covers
the importance of water, lack of water, desalination of water. technology,
analysis ol water and level of compliance with international and local

standards of potuble water,

Ziadat (2005) Tocuses on the Impact of shortage tanks on drinking
water quality in Jordan. The study also investigates the differences
between the quality of water from the source (the groundwater) and the
stored water, In addition, he explores the influence of the external
cnvironmental factors such as the winds, the temperature and dust on
quality of stored water. The study intends to look at the heavy melals
whose existence indicates the corrosion level linked to the type of the
tanks which were made from galvanized steel. The results indicate that
there was no direct impact of water and galvanized tanks on the heavy
metals. Furthermore, there was no difference between the qualily of the
source and the tanks waters. Heavy melals are high in the storage water
compared with low level in the source. The ionic concentration is lower

than the International Water Standard.

A study carried out in Mexico City by (Robales e af., 1999) analyvzed
bacteriological and physico-chemical parameters of 265 samples from 39
brunds of bottle water sold and the sample divided into 5 groups. The
bacteriological test included the delection of faccal and coli form
bacteria. While total coliforms ranged between 0.95 10 2.26 efu 100 ml™,
faccal coliforms were ranged from 0.71 to 1.07 cfu 100 mI” which is

above the Mexican standards that is © cfu 100 mi”. The biclogical
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analysis indicates that there were problems in handling, washing,
purification. and in the filling stage of the bottles. The study also found
that ¢ven if there were more than one plant for one brand for punfication.
there were still differences in the bactericlogical quality between plants.
In order (o overcome this problem the authors suggest a need for efficient

intermnal control.

in Bahrain a study carried out by Musaiger and Khunji (1990) on the
chemical quality of drinking waler which comc from three main sources:
private treated, tap, and bottled water. The results show increasing
chemical levels in tap water compared to other waters, The level of
sodium in tap water was ranged between 100-545.9 mg/L. on average of
309.4 mg/l. which did not comply with the drinking water standards as
required by WHO i.e. 200 mg/L. On the other hand. the average level of
fluoride was about 0.28-0.85 in carbonated mineral water and (ap water

respectively.

Another study by Alabadula’aly and Khan (19%5) cxamined the
microbiological quality of sixiy-six boitled water sumples n Saudi
Arabia. ‘The aim of this study was to determine total coliform bactena and
platc count by using membrane filtration method. [n addition. the
researchers took three tocal brands which have large capacity and stored
samples for 1wo and a half months to observe the effect of storage time on
increasing levels of bacteria, the results for detection of bactena in large
hottles were 3-276/ml, while for small bottle were 0-1/mi. In other words,
the storuge ol bottle for a certain time contributes Lo an increase of
bacterin, However, the small bottles are consumed faster without

spending long storage time and this reduces the amount of bactena.
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Al abdula’aly and Khan (1999) evaluated the chemical composition of
bottled water in Saudi Arabia which is scurced from wells; spring.
glaciers or municipal, and the water may bc distilled. The researchers
aimed to siudy the effect of the source of water, treatment type, container
type and storage on the quality of bottled water. In addition, they
analyzed and compared the results of two bottles ol the same brand. The
average melal concentrations in both of two bottles (local and imported
brands} were low with pereentage variation not found significant and
important. {lowever, when they compared the resulls for physic-chemical
parameters with the drinking water standards se1 by Saudi Arabia and the
WHO. thev found the levels met different drinking water standards.
Fluoride was below the recommended values (WHO, for {luoride are 1.3
mg/L.) which ranged between 0.25 to 0.82 mg/l. and the pH cxceeded the
recommended values {(WHO. for pH are 6.5-8.5 mg/l.) in one of the
imported brand about 6.0-8.2 mg/L.

Due to the increased consumption of bottled waler in South Africa as
well in many countries, there is a very high concern about the
microbiologicul quality of bottled water. Ehlers ef i, (2004) swdied the
microbial quality of bottled water by taking 10 samples of bottled water
(8 local and 2 imported) then testing for detection of heterotrophic plate
count (HPC) bacteria, totat and faccal coliferm bacteria. The results
showed that meost met the recommendations set by the South Africa
Bureau of Standards {(SABS) which for HPC the result was less than 100
counts/ml and n two bottled water samples exceeded the recommended
(SABS) guideline which were 2.64x10% cfu/ml and %89 x10° cfu/ml
However, (here wus no detection for total and Taecal coliform bacteria in

all sampies analyzed.
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Hatarseh (2006) collected four samples of potable water from differem
sources: these are: tap water. desalinated waier in private plants: homes
filtrated and sealed bottled water. for analysis of phyvsiochemical
paramcters and trace metals. The results show that the concentration
levels of several analyzed parameters did nol comply with the local and
internationit] guidelines for drinking water. Decreasing TDS value of
potable waler which produced {rom homes lilicrs ranged 20.50-125.00
mg/L, bul in tap water the trace metals were very high especially Ni which
ranged 445,0-1117.5 mg/L and salinity was very high and ranged 319.50-
1985.70 mg/L.. In addition, when used the home purification filters were
more useful in reducing the trace metals and salimity levels than filters
used in private desalination plants for this purpose. Further. the results
showed little differences between locally and imported bottled water
brands.

A work for Salameh et af, (2002} on concentration of heavy metals in
Amman City, Jordan found the concentrations of heavy metals were
lower than pational and mternational standards and observed increases in
these levels in winter relative to the summer scason. This can be
attributed to flushing of these metals by runofl of rainfall and percolation
to the aquifer. Further. the researchers cxplain the reasons lor this
increase: namely, from soil during the dry summer scason, accumulalion
of metals on the strects, vehicle exhausts, and corrosion of the old

galvanized water distribution pipes of Amman City.

A study in Jordan by Obcidat e of, (2007) aimed to cvaluate the
nitrales concentration in ground water. They report that the presence of
nitraies in water, when increased by more than the recommended value,

can be viewed as an indicator of polential ground water contamination.
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The samples were taken from 16 wells in several sites in Sordan. The
results were 10-330mg/L in 2006 with an average of 77mg/l. and abowt
22% of the collected samples containing about 20mg/T. NGy, In addition,
the study shows there was a relationship between the nitrate concentration
and the wastewater effluents as a source of contamination, About 47% of

the samples give results of NO'; concentration in the range of 20-40mg/L.

A study by Alabadula’aly (1997) about the level of fluoride in drinking
water supplics of Riyadh (Saudi Arabia) where the sources in this city are
about 34% ground water and 66% desalinated water. The rescarcher
collccted the samples from different sources of water: selected wells,
treatment plants, desalinated seawater, distribution networks and 19
locally and imported bottled waters. The results show the fluonide level in
seven groundwater samples are 0.63-1.6 mg/l. and about 0.2310 1.1 mg/L.
for their final product water. In addition. for the desalinated seawater the
fluoride was ranged from 0.01-0.5 mg/l. in the distribution network. The
results of the local bouled water was 0.2-0.83mp/l., in the imported

bottled water was 0.04-0.2 mg/L.

Rescarch in Nigeria Ukhun er af, (2005) aimed to determine the
concentration of some heavy metals, CN. NO,, and the micrebes in water
supply such as total coliferm, E.coli and fecal streptococet. The resuits
illustrate that the levels of Fe, Zn, Cu, and Mn complied with safe limits
and CN was not detected in collecied samples. The concentration of
nitrate was higher than the recommended value of 10.000 pg/L. The
results Tor biological tests showed the presence of total coliform counts
which ranged between 3 to 2400 cells/100mL., E.coli (feca! coliform)
counts ranged between 3 10 1.100 cells/100mL and fecel streptococei

counts ranged from 3 to 240 celis/100mL.
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[n China Cheung er af, (2003) studicd the ¢ffecis of anthropogenic
aclivities, industrialization and urbanization on the accunmlation of heavy
metals and nutrients in sediments on water quality of river, where they
found contamination with Cd, Pb, and Zn,

High concentrations of cadmium is considered 1o be one of the present
serious problems to the Chinese water supply due to the discharge of raw
or insulliciently treated industrial waste waters or waste dumping, In
addition, there are heavy metals which increase the contarmination for the
water supply such as mercury up to 8pg/l', cadmium up to 100pg/L"

lead up 10 190ug/L”", and chromium up to 200ug/L.”. Zhao er af.. (2002)

Virkutyte and Sillanpaa (2006) studicd the physical and chemical
parameters in China. The results show high levels of some heavy mctals
such as Fo was up to 1.9 mg/L, as up to 0.1mg/L. and Ni was 0.05mg/l.
which cause negative effects for human health. However, the level of Ph,
Cu, Cd and Cr did not exceed the National Chinese and WO drinking

water standards.

Rescarch by Chifamba (2007) abowt trace metal potlution of water
which causes disposal of selid wasic in Zimbabwe  found high
concentrations of Hg and Pb and the rain water samples showed higher

levels which resulted from atmospheric deposition associated with rain.

In Libya, a report by Al Marriee (1994) shows high increase of Electro
Conductivity (EC) which was 25 ms an increase in TDS specially sodium
and chloride salts in comparison with calcium and magnesium salts and

that was due to interference with seawater.
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Another report in Libya by Arfiida (1993) aimed to follow up the
chemical and bacteriological properties of four treatment plants. The
results were as following: For the first plant the researcher found a
decreasing level of pH and an increase in Pd and Cr level during the
period of study and did not find any type of bacteria in this plant. In Lhe
second plant there were decreasing levels of pll and increasing levels of
EC, Cl, §0,, Pd and Cr. However, the resulis for the third and [ourth
plants showed increasing levels of EC, HCO;y, and Cl. However. the pH,
NO; and the heavy metals concentration complied with the standard.
Regarding the biological test: it showed the presence of E.coli bactena in

the storage tank of these the plants.

A sludy was carried out by Hassan ef ef, (1990) to evaluate the
microbial situation of seaside water in the United Arab Emirates. The
rescarchers studied the distribution and count of bacteria which were non
self feeding, living in salt and negative germs and £.coli bacieria. The
result show the intensity of microbes increased in all siudicd sites
remarkably then decreased during the summer months followed by high
increases in the month of October then decrcased during the winter
months. In addition, the results show a high presence in counts of E.colf
bacteria. These high numbers of bacteria in studied sites were due to the
effect of the Now of sewage near (o seaside water and the presence in

apen seaside water of the Arabian Gulf,

A study of three major MSF plants in the Eastern Province of Saudi
Arabia was carried out by Kutty er af,, (1993) for an anaiysis of produced
water and seawater samples to determine the presence of six heavy metals

_and their effect on the quality of desalinated water on order to avoid any

contamination of drinking water from desalination plants. The results
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show no indication of the presence of As, Cd, S¢, Pd and Cr above SASO
rcgulation levels in drinking water cspecially in produced water. The
average concemration of Cd was 0.63pg/l.: while the highest level of Hg
found in two studied stations were 0.11 and 0.04 pg/l. respectively,

‘The contamination that comes from desalination plants with heavy
metals has many sources such as corrosion of consiruction materials,
contaminated well water or seawater used for blending purpose, or carry

over from {eed seawater to distillates.

Kuttyy ¢t al, (1992) studied CaCQ; precipitation tendency in
desalinated water and found the water produced from MSF plants did not
contain enough Ca and alkalinity to impart CaCQO; precipitation tendency
1o the water, The researcher indicates that the MSF and RO product
desalinated water has very low pH ranged 6.5-7.3 and 6-6.5 respectively
and very low dissolved salts <25 mp/L. In addition, the RO has high

chioride content,

The resulis from a study by Kutty (19903, of the water quality which
derived drinking water from the three seawater MSF plants in Saudi
Arabia shows the concentrations of all inorganic parameters are within

the limits of WHO guidelines except fluoride.

Fytinnos e ¢f, (2002) aimed to assess the guality of water in Greece
[or onc year. ‘The result show insignilicant differences between siles of
samples, or between perieds of sampling. However, the results of heavy
metals indicate that there is a relationship between the geology of an

examincd area and the influence from anthropogenic sources.
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AShelmani (2004) studied the effecls of quality of Algardabiva
rescrvoir (Libya). The results shew that no pollution came from heavy
metals where the concentralions were within the allowed ranges.
However, the results of chemical parameters indicate a sicady decrease as
result of water pumping to the reservoir but the tests of pathogentc
bacteria were negative. While the tests of T.C, T.C.F and F.C.IF were
positive during the study period, the researcher found the bacteria count
corresponded  with the movement of water and the increase in
lcmperatlure.

'The main purpose of Al-Asaawi’s (1998) study was 1o analyse and
evaluate some physical and chemical properties of drinking water for
Misurata city (Libya) where the rescarcher indicated to the mixing
process of drinking water with lower quality of water which has
important ralc in getting water with acceptable criteria for human use. He
argucd that it would be much better if water of good quality alone were
used and found that the sample collected from the desalination plant of
Libyan fron & Steel Company was the only one that complied with

standards ol drinking water compared with other studicd samples.

Kalaf-allah ef ef,, (1990) aimed to study the level of water pollution of
Banghazi City that resulted from the presence of ions. These causc
hardness and some other inerganic components such as TDS, EC and pi.
The results of pH ranged from 7.09 to 8.05. the hardness ranged from 400
my/L to 790 mg/L and EC was between 2000ps/cm to 4800 psfem. In
addition. (here was an increase of TDS. In general the water of Benghazi
city has a very high level of total dissolved salts and this is out ol the

accepted range for drinking waler.
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Al-kertihe (2005) studied the physical and chemical properties and the
lcvels of some heavy metals in treated waste water samples collected
from the recyele unit at the maintenance and development complex
located at Temenhent, a village in the south of Libya. The study shows
that the waler samples oblained from both internal and sccondary
trealment upits have lower poliution levels with heavy metals compared
with the final reservoir which reflects the efficiency of the recycling

Process.

L
L]



Chapter I1

Materials and methods




Materials and Methods

Chapter Two
2, Materials and methods

2.1, Sample collectivn
The samples for chemical analysis were taken in plastic bottles made

{from polycthylene. The battles were washed by using distilled water. The
bottles were then filled and closed tightly. For biological analysis,
samples were collected in sterilized glass bottles and kept closed to avoid
contamination {Gaber, 1998; WHO, 2004),

The samples were kept at -4C°, (biological analysis}) and analyzcd within
48 hours. However, pli, EC, and temperature were carricd out at the
collection site (Gray, 1999, Encyclopacdia of analytical chemistry, 2000:

chapman, |942).

2.2. Places of Samples Collection:
All samples were collected in 300m! bottles from the following sites as

show in Figure (1):

Site 1: scawater and more specifically coastal water.

Site 2: the precipitation reservoir which receives the seawater for removal
and precipitates any sands and impurities which accompany the scawater.

Site 3: the production water which is taken before it is passed 1o the
storage tanks of the plunt, (directly from the plant).

Sire 4: D412 tank which receives and stores the production waier after its
mmmediate exit from the plant.

Site 5: D414 1ank which connects with D412 tank and the production
waler passing fo it tor storage ready for distribution 1o the watcr
company.

Site 6: desalination plant laboratory which is considered as first point of
distribution for the production water as this laboratory connects with

D414 tank (the main 1ank) via a network of pipes.
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Site 7: Desalination water company water reservoir. this sample was
(pipe of desalied water) prior to mixing with the river water. This
reservoir contains two pipes, one of them carries the desalination water
from the plant and the other pipe carries the river water that is then
collected in the company water reservoir.

Site 8: water company reservoir (pipe of GMmR water) before mixing
with desalted water.

Site 9: Sample of standard mixing (3:1) which was taken by mixing three
quantitics of GMmR water with one quantity of desalted water,

Site 10: water company reseevoir afier mixing desalted water and river
water without exact mixing ratio,

Site 11 tank of 750, this tank has direct line from desalination plant and
another direct line Irom water company reservoir. In addition, this tank
feeds the Guest House direetly.

Site 12; (tucst Mouse which is usually supplied with water from
desalination piant.

Site 13: Youth Camp sample which is supplied from water company
TESETVOIr.

Site 14: Al-Mazharri Hotel whose water comes from the waler company
reserveir. Generally, the water supply to the hotel is via water trucks,

Site 15: Public Works Corporation which is supplied with water from the

COmMpany reservair,
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Materials and Methods

2.3. Chemical Analysis:

Chemical anulyses carried out in this study were bascd on standard
methods, 1998 for water analyvsis and which have been adopted by the
GMmR laboratory. Analyses for the chemical treatment were carried
out in the laboratory of Sirt desalination plant. The rest of the analysis
has been done in other laboratories around Al Jamahiriya such as

Raslanov and the Laboratlory of GMmR in Benghazi.

2.3. 1. Determination of Taste and Odouar

All analysed samples were colourless, odourless and tasleless apart
from the odour evident from the tanks that suffered from corrosion,

such as tank 12412

2.3. 2, Determination of pH
‘The pH of the samples was measured immediately afier collection
using a pH meter, type (HANNA). model (HI 9833}
2.3. 3. Electrical conductivity (EC) determination
Samples were analysed for determined EC value using a
conductivity meter provided by elecirode-Madel {Ienway}.
2.3. 4. Delermination of total disselved salts TDS

Total dissolved salls were determined by TDS meter (111 98353

2.3. 5, Determination ol sodium and potassiem

Sampies were analyzed by flame photometer type model (4190
Coming, England). The instrument is calibrated by using required
standard solution to obtain calibration curve which is then used in

determining the concentration of Na & K.,

39



Materials and Methods

2.3, 6. Determination of sulphate

Samples were analysed using the Cecil double-beam
spectrophotometer found inclusively in (standard methods. 42 7A,

1998). The wave Jengih is set to 492 nm and 10 mm cells were used,

2.3. 7. Determination of nitrate

Samples were analysed by Ceeil double-beam spectrophotometer,
type (CE5301, 5000 Series, England), at wavelength 220nm (Standard
methods, 45008, 1998).

2.3. 8. Determination of chloride

Chioride of all samples was determined according to standard

methods, 408A (1998). By using argent metric method (Mohr method),

2.3. 9. Determination of total alkalinity

Total aikalinity is measured according to the (standard method, 403,
1998) by titrated with a standard solution of hvdrochloric acid using

the indicators phenolphthalein and bromocresol green-methyl red.

2.3, 10. Determination of hardness

Total hardness and calciom hardness of water samples are determined
according 1o (Standard Methods, 209B, and 1998) by titrated with g
standard solution of (EIYTA) at g pil of 10.0, and Eriochrome Dlack T

was used as the indicator (Gaber, 1998).

2.3. 11. Determination of heavy metals

The metals such as iron (Fe), manganese {Mn), copper (Cu). nickel
(Ni), zinc (Zn). magnesium (Mg). cadmium (Cd)). are determined by

using the atomic absorption spectroscepy, model {PU 9200X) fisonc,
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England. The work methods are followed as the standard methods

1998,

2.4. Biological Analysis:
Bacteria may be detected by many mcthods such as the growth of

visible colonies plates of gel. or by most probable number (MPN) via
reaclions in special solutions, and by obscrvation through microscopy
{Giray, 1999, Brances ef la., 1981; Gaber, 19Y8).

Water samples were taken from sites of samples directly in 250 ml
glass topped bottles (Branes ef fa.. 1981). Samples were placed in ice
containiers and transported as rapidly as possible to the central laboratory
in Bengahzi. The samples were tested on the day of sampling whenever
this was possible, but those which bad to be carried some distance were

held overnight at (-4°CY and tested the next day,

2.4.1. Procedures of Biological Analysis:
2.4. 1. L. Total Colony Counts (T.C) Test:
Procedure:

The sample bottie was mixed. 0.1 ml was pipetted inte a petri dish
which was placed on a level bench (sterilizing by ethanol 70%). 20mt of
maolten agar was poured into cach plate. The samples were immediately
nixed by gentle circulation movements for (3-10) Seconds. The petri
dishes were kept flat throughout, allowing the apar to set inverted. The
dishes were incubated at (37°C) for 24 hours. Afler incubation all visible
colonies were counted and recorded by using 4 colony counter. The
counts of up to 300 in number were made and more than 300 recorded as
> 300 colony/l ml (Gray. 199%9: Chapman, 1992; Siaala. 1990: Gaber,
1998).
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Quality Control:

0.1mi volume of sterile distilled water were spread with cach batch of
sample as a blank. and incubated at the same incubation temperatures

{37°C} to check the sterility of the procedure.

2.4.1.2. Faccal Coliform Test (F.C.F)
Procedure;

All presumptive fermentation tubes showing any amaount of gas and
heavy growth or acidity within 48 hours of incubation were submitted to
the confirmative test. The positive presumplive lermentation tubes were
gently shaken with sterile loop: growth from ¢ach positive presumptive
fermentation tube was transferred to Macconkey broth. The inoculated
tubes were incubated in a water bath at (44.5°C) for 24h.Gas and acid
produced afier 24h was considered as positive feacal coliform reaction

(Gray, 1999; Chapman, 1992: Gaber. 1998).

2.4.1.3. The Multiple Tube Fermentation Test for Total Coliform
Count:

Procedure:

The Presumptive Test:

Three {(Double strength) Macconkey and nine (single strength)
Macconkey tubes were set up in a test tube rack. The bottles of water to
be tested were mixed by being shaken 23 times. With a10m) pipette. 10ml
of waler were transferred to each of the double strength Macconkey
tubes. With 2 1.0 ml pipectte 1 ml of water was transferred 1o cach of the
middle set {ubes and 0.ml to each of the last three single strength
Macconkey tubes. The tubes were incubated at (35°C) for 24h. The tubes

were examined and the number of tubes was recorded in each set that had
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(10%) gas or more. The MPN was determined from the table (Gaber.
1998; Staala, 1990).

The Conflirmative Test:
A plate of 1i.M.B agar was streaked with positive presumptive tubes.
The plate was incubated for 24h at (35°C). Typical colonies were looked

for on the E.M.13 agar plate.

The Completed Test:

Nutrienl agar slants were inoculated and the tube of Macconkey broth
marked a final check ot the colonies which appeared vn the confirmatory
media, After incubation for 24k at {35°C) the twbe was examined for gas
production and a Gram-stain slide was made from the slants (Grav. 1999;

Chapman. 1992: stundards methods. 1998).

2.4.1.4, Streptacoccus faccalis;
Presumptive Test Procedure:

A series of azide dextrose broth tubes was inoculated with appropriate
quantitics of ecach sample. Samples of 10ml portions or less was used.
Double strength broth was used for 10ml inoculation. Decimal multiples
of 1 ml only were used, Inoculated tubes were incubated at {35°C). Fach
tube was examined [or (urbidity at the end of 24h. Tubes were incubated

again at the cnd of 48h if definite turbidity was not present {Gaber, 1998).

Confirmative Test Procedure:
All azide dextrose broth tubes showing turbidity afier 24h or 48h
incubation were subjecied to the confirmative test. A portion of growth

from each positive azide dexirose broth tube was streaked on bile esculin
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azide agar. The inverted dish was inoculated at (45°C) for 24h. The
prescence of faccal sireptococci was contirmed by brownish-black
colonies with brown halos. Colonies of brownish-black with brown halos
were transferred to a tube of bmin-heant infusion broth containing
6.5%%Nal’l. The colony belenged to the Enterococcus group if it was

grown in 6.5 % NaCl broth and a1 35°C for 24h.

Computing and Recording of MI'N:

Faecal streptococci densilies were estimated from the number of tubes
in each dilution scrics that were positive on bile csculin agar. Similarly,
enterococci densities were estimated from the number of twebes in cach
dilution containing streprococei that could grow in 6.5%NaCl broth. The
combination of positives were computed and recorded as the most

probable number (MPN).

2.4.1.5. Fungi Test:
Procedure:

A sample was 1aken, and a streaked on the surface of the media,
Incubation

The dishes were kept in temperature (25°C) for a pertod of (3-7) days.
The result was recorded as (+ve or -ve)} for growth. The 1dentification of
fungi was camed out by inspection under microscope (Grav. 1999
Chapman. 1992: Gaber. 1998).
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Chapter ITT
J. Results and discussian

3.1. Results of Chemical Analysis:

The tables 9 part (1), {2). (appendix (1) cover the resulls of descriptive
statistical and analyses of variances between the groups under the study.
The main parameters included in the table are: EC, pll, TDS. K, Na, ClI,
503 NOs, Ca.H, T.H and T ALK. Thirteen sites are presented in the table,
The sites consist of pre-production sites which are: scawater, precipitation
reservoir 1n a desalination plant, tank D412, tank D414, plant laboratory
and the main distribution site (company reservoir) along with distribution
sites which arc: river water mixing tank 3:1. 1ank750, guesthouse. vouth

campus. AL-Mahaari hotel and Public Works Corporation.

3.1.1. Temperature

All analyzed samples were at 23-30°C during summer season and al
17-18°C m winter season during the study period. Ziadat {2005} found
that the temperalure mean was 23.30 to 23.50°C for residential storage
tank, and In water resource was ranged 18.5 to 19.8°C. However. Al-
Asaawi (1998) found that the temperature value was 23.0 to 43.0°C for al
coliected samples and in sample of desalinated water was 38.00°C.

Can be observed effect of temperature on bacteria growth where the
bacteria count increasing during summer months. but. decreasing this
growth in winter season. Where. the highest values of bacteria and fungi
were in June and Scptember month comparing with December month

(Gray. 1999; Al-Asaawi. 1998: Twort. 1983).
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3.1.2. Taste and Odour

Taste. like odour. is a subjective (est which relies upon description
rather than quantitative results. There are many potential causes of tastes
and odours in water. in principal ones being algac. decaying vegetable
matier, products resulting from chlorination (WO, 2004; Twort, 19853).
All analysed samples were colourless. odourtess and tasteless apart from
the odour released from the tanks that suffer from corrosion such as lank
D412, Natural water ranges in its colour from less than five degrecs in
pure water to three hundred degrees in water with dark colour Aoown

(2002).

3.1.3. Hydrugen lon Concentration (pH)

To minimize the comrosion of water must he controlled the pH of
water 10 prolect the distribution svstemn and pipes in houschold water
svstems where the limited level of pH ranged from 6.5-8.0. [n addition,
according to the composition of water and the nawre ol the
construction malerials used in the distribution system the pli required
will vary in different supplies. {WHQ. 2004 Twort, 1985; Moftaah.
2007)

Figure (2) shows that the means of pli of the collecied samples varied
between 6.50 and 8.25. The WHO standards and Libvan standards lor pl1
15 6.5-8.39 for waters and potable water purposes which indicates that the
waler 15 suitable for drinking purposes (W10, 2004: Acown. 2002}, The
results show (P value was 0.000 Ihlal is < 0.03) insignificant dilferences in

hydrogen ion value between (he sampled groups, The maximum
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concentration of pHl was 8.4 at sample (8), and the minimum valuc was

6.5 at sample (6).
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Results and [Hscussion

3.1.4. Electrical Conductivity (EC)
The conductivity dependent upon the presence of ons in solution, and

it 1s measurement is an excellent indicator of the 1otal dissolved solids in
waler. Conductivily s temperalure dependent and a reference temperature
{usually 20-23°C) is used when expressing the result ((Dwort, 1985,
WHO. 2004},

The average of EC of the studicd sites 1s shown in Figure (3) and
reveals that it was ranged from 34720.10 to 54466.18ms/cm tor seawater
samples. However, it was ranged from 24.66 1o 72.68 ps for the samples
in the desalination plant and 383.40 to 666.408us/cm tor the remaining
samples {including the sites from company reservoir Lo the distribution
sites). The WHO Siandards for EC 15 400 to maximum level 22300 ps
fem for waters and potable water purposes {WHO, 2004; Aoown, 2002).
The results show (P value was 0.000 that is < 0.05) insignificant
differences of the means of electrical conductivity between the sampled
groups. The result is in line with the WHO and the Libyan Standards.
However. the finding is not in line with desalination plant rules (sce
appendix) because conductivity, as documented during the chemical
treatment that was working in $990-1993, was ranged from 223 to 640 ps
fcm. The maximum concentration of clectrical conductivity EC was
711.6psfem at sample {7). and the minimum was 24.66psfem at sample
(3).

A study by Batarseh {2006) found the value of EC ranged from 221.060-
437.65pusfem. Another study by Al-Asaawi(1998) indicated that the level
of EC was 0.130 ms/cm. However, Ziadate (2003} found that the EC was
B88.0-921.0 psfem for water source and 967.0-991.0 ps/cm for residential

storape lank.
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3.1.5. Tetal Dissolved Solids (TDS) mg/l
Origin TS 1n drinking-water are from natural resources such as

indusirial waste water, sewuge, and urban runoft, TIIS include inorganic
salts above all sodium, sulphates, chlorides, calcium, magnesium,
potassium. and bicarbonates in addition, small amounts of organic
matters. The limited value of total salts 15 more than 1000mg/l.. and the
international and local standards recommend that the pertect limit ol
drinking water is 300mg/L (1wort. 19852 WHO, 2004).

It can be seen from Figure (4) thal the average value of 1otal dissolved
solids is ranged from 35568.00 10 35106.60 mg/L for scawater samples,
However. 1t ranged from 16.23 1o 47.27 mg/l. for the samples in the
desalination plant and 247.85 10 425.89 mg/L tor the remaining samples
(including the sites from company reservair to the distribution sites). ‘The
results are within the WHOQO recommendation i.e. 1000 mg/l. as a
maximum value for watcrs and potable waler purposes (WG, 2004;
Acown. 2002). This also agrees with the Libyvan Water Standards and the
Rules of the desalination plants that is 117 10 36 1mg/L(see appendix 1).
The results show {I* value was 0.000 that 15 < 0.03) insignificam
dilferences in total dissolved solids between the means of the sampled
groups. The maximum concentration of total dissolved salis was 461.8

me/L at sample (7). and the minimum was 16.24 mg/L. at sample (3)

3.1.6. Potassium Concentration (K™) mg/|
Although potassium is onc of the abundant clements, the concentration

found 1In most natural water rarcly excceds 20mg/l.. the BEuropean
Community directive recommends a maximum concentration of 12mg/l.
with a guide level of 10mg/l. (Twort. Y985 WEHI), 2004), |

Figure (3) shows that the average of potassium concentration is about

209.47 to 270.64 mg/L. for seawater samples. However, it was ranged
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from 5.38 to 9.57 mg/l. for the samples in the desalination plant and
10.20 to 22.63 mg/L. for the remaining samples (including the sites from
company reservoir to the distribution sites). The resull is within the WIHG
standards 1.e. 12 to 20 mg/L as a maximum value lor waters and potable
water purposes (WHOQ. 2004: Aoown, 2002). The finding is also within
the Libyan Waler Standards and the rules forwarded by the Desalination
plant administralion. The results show the P value is less than 0.05 which
is considered an insignificant differencc in potassium concentration
between the means of the sampled groups. The maximum coneentration
ol potassium was 22.63 mg/ at sample (7). and the minimum was 5.38
mg/l. a1 sample (6). Batarsch (2006) found the concentration of
potassium in desalination plants ranged from 0.58-1.91mg/L.. the Jevel of
sodium in tap water ranged 27.31-93.10 mg/L and in bottled water 29.78
mefl. for local botiled and [9.43 mg/l. for impored bouled Al-
Asaawi(1998) found the maximum concentration of sodium was 1401.5
me/l. and 69.8 mg/L for potassium concentration. However in the sample
from the desalination plant the concentration of sodium has a lower value

ranged 0.024-0.226 mg/L.

3.1.7. Sodium Concentration (Na*) mg/l
Sodiwn components are very soluble so that the clement is present in

most natural water. Levels can range from less than 1mg/l. 10 several
thousand mg/L in brines. The theeshold taste for sodium in drinking water
depends upon several factors such as the predominant anion present and
the water temperature. ‘The threshold taste concentration for sodium
chloride is around 330mg/L. however, the concentration of sodium sulphat
can be as highest 1000mp/L (Twort, 1985: WHO). 2004).

It can be obscrved from Figure (6) thalt the mcans of sodium

concentration ranged between 2042.03-2041.89 mg/l. for seawater
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samples. However, it ranges from 16.94-28.79 me/l. for the samples in
the desalination plant and 57.92-73.94 mg/L for the remaining samples
{including the sites from company reservoir to the distribution sites). The
results are within the WHO standards i.c. 200 mg/l as 4 maxiumum value
for waters and potable water purposes (WHO, 2004; Aoown. 2002). The
finding 18 also within the Libyan Water Standards and the rules forwarded
by the Desalination plant administration. The results show (P value was
0.164 that is > 0.03) no significant difference in total dissolved solids
between the means of the sampled groups. The maximum concentration
of sodium was 76.12 mg/L at sample (10}, and the minimum was 16.94
mg/L alt sample (3). Batarseh (2006) tound the concentration of sodium in
desalination plants ranged {rom 15.39-37.40mg/l., the level of sodium in
tap water tanged 27.31-93.10 mg/L and in bottled water 29.78 mg/L tor
local bottled and 1943 mg/L for imported bottled. Al-Asaawi{1998)
found the maximum concentration of sodiem was 1401.5 mg/L., however
in the sample from the desalination plant the concentration of sodium has

a lower value ranged 20.15-26.0 mg/T..

3.1.8. Chloride Concentration (CI')
Chlorides, i.e. compounds of chloring with another element or radical.

are present it nearly all natural water and the range of concentrations can
be very wide. but most combinations are with sodium (NaCl common
sali}. The conceniration of chleride above 250mg/l. can impan a
distinetly saltv taste to water. However, water containing more Lhan
600mg/L is drunk in some arid places where there is no altemative supply

(Twort et al., 1985).

Figure (7) reveals that the average of chlonde Cl of the studied sites

ranged from 3439.40 to 3463.60 mg/L for seawater samples. However. it
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ranged from 21.85 to 36.76 mg/L. for the samples in the desalination plant
and 63.34 to 90.52 my/l. for the remaining samples {including the sites
from company reservoir to the distribution sites). ‘The WIHO standard lor
Cl is 250 mg/l. as a maximum value for waters and potable waler
purposes (W10, 2004; Aoown, 2002).

The findings are also within the Libyan Water Standards and less than
the rules forwarded by the Desalination plant administration that is ¥3.7-
157.5mg/L. The results show (P valuc was 0.006 that is < 0.05)
insienificant differenices in chloride concentration betwceen the means ol
the sampled groups. The maximum concentration of chloride was 90.52
mg/L at sample (10}, and the minimum was 21.8% mg/L. at sample (6).

A study by Binahmeeda (1997) Tound the concentration of chioride was
very high. ranging from 380-705mg/l.. which is considered as not
sumitable tor irrigation and agriculiure whercas a study by Ashelmani
{2004) indicates that water from GMmR ranged between 225-163.6
mg/L. Al-Assawi (1998) found that the concentration of chionde ranged
26.3-36.0mg/L in the desalination plant of an iron and sicel company. A
studv by Batarsch (2006) found thai the concentration of chloride in
desalination plants ranged from 32.84-61.82 mg/L.. A study carried out by
Kuty (1990} found that the chloride level ranged NiJ-149 mg/l..
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3.1.9. Sulphate Concentration (50477)

The concentration ol sulphate in natural walers can vary over a wide
range from a few mg/L to several thousand mg/L. It can come from
several sources such as the dissolution of gypsum and other mineral
dcposits  containing  suiphate, [rom seawaler intrusion, [rom the
oxidation ol sulphides, sulphites. and from industrial ctBuents,
Bacterial reduction of sulphates under anacrobic conditions can
produce hvdrogen sulphide, which is an objectionable gas smclling of

bad eggs (Twort ef af., 1983).

Figurc (8) indicates that the monthly average of the sulphate
concentration during the period of study was ranged from 33.38-68.36
mg/L for the samples in the desalination plant and 66.56-112 37mg/L.
for the remaining samples (including the sites from company reservoir
to the distribution sites). However, it ranged from 718.56-734.34 mg/L.
for the seawater samples. The WHQ standards and the libvan
Standards for SO, 15 250 mg/L as a maximum valuc for waters and
potablc water purposes (WII0. 2004: Aoown. 2002). Comparing the
results with desalination plant rules thai range 12.4-28.9mg/l. (sce
appendix 2): it can be found that the concentration level is high. The
results show (P value was 0.000 that is < 0.03) insignificant differences
in sulphate concentration between the means of the sampled groups.
The maxinmum concentration of sulphate was 112.37 mg/L. at sample

(7). and the minimum was 33.38 me/L at sample (4).
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Results and Discussion

The concentration of sulphate found in one study showed the
maximum value 564mgfl.. and the minimum value of 251 .7mg/L
Ashelmant (2004). However, in another study carried out by Omar

(2007) the highest level of the sulphate found was 416mg/1.,

3.1.10. Nitrate Concentration (NQ;7) mg/l
Nitrate is the [final stage of oxidation of ammonia and the

muneralization of nitrogen from organic matter. Nitrate levels in surface
water  often  show marked scasonal [luctuations, with higher
concentrations being found during the winter months compared to the
summer onths. Water containing high nitrate concentrations s
polentially harm{ul to infants and yvoung children (Twort ef af . 1983).
Figure (9} indicates that the monthly average of the nitrate
concentration during the period of study ranged from 1.16-6.26 mg/L. for
the samples in the desalinaiion plant and 7.90-10.82 mg/l. for the
remaining samples (including the sites from company reservoir to the
distribution sites). However. it ranged from 4.60-4.92me/l. for the
scawater samples. The WHO standards for NO; are 30mg/L as a
maximum value for waters and potabie water purposes. The results show
(I* value was 0.065 that is » 0.03) no significant difference in nitrate
concentration between the means of the sampled groups. The maximum
concentration of nitrate was 10.82 mg/L at sample (13). and the minimum
was 1.16 mg/l at sample (6). In an analysis conducted by the Duich Water
Research and Tests Institute from 1985 to 1989 and analvses conducied
by the central laboratory of Great Man-Mad River the concentration of
NO; in Tawurghaa Pond was found to vary from 21-30mg/L whereas in
Alasawna wells the concentration was found 10 be 37-99mg/L

Binahmeeda (1997},
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Rosults and [iscussion

Another study carried out by Salameh ef «f.. (2005) found that the
concentration of nitrale ranged 3.5-122.5 mg/L. in winter and 9.5-113.5
mg/L in summer. Ziadal {2003} found that the concentration of nitrale
was 16.0-20.9 mg/L for residential sworage tanks and 15.4-60.0 me/L. for
the water source. In a study of the pond of Tawurghaa in Misurata
(Libya} 1997, it was found that the mean of mitrate concentrations ranged
6.07-18.53 mg/L, nitrite was 0.01-0.15 me/L, and the ammonia
concentration was ranged 0-1.57 mg/L. Binahmeeda (1997). Howcver,
Fytianos (2002) found that the concentration of nitrate was 1.47 (o 2.23

mg/L.

3.1.11. Calcium Hardness Concentration (Ca.H) mg/i
Figure (10) reveals that the monthly average of calcium hardness Ca.ll

of the sludied sites ranged from 2903.94-3303.04 mg/l. for seawater
saimples. However, 1l ranged from 3.60-37.86 mg/L. lor the samples in the
desalination plant and 49.64-83.90mg/l. for the remaining samples
(including the sites from company reservoir to the distribution sites). The
WHO standards for Ca.H are 400 me/L. as a maximum value and the level
of calcium about 100-200 mg/L [or waters and potable water purposcs.
The results show (P valuc was 0.006 that is < 0.03) insignificant
differences in calcium hardness concentration between the means of the
sampled groups. The maximum concentration of calcium hardness was

83.9 mg/] at sample (10}, and the minimum was 5.6 mg/ L. at sample (3).

Moftaah (2007) found the highest value of Ca-11 was 100mg/L in july

2006, and lowest value was 8.10mg/L in June 2006
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Resulls and Discession

3.1.12. Total Hardness Concentration {T.H) mg/I

The total hardness consists of carbonate or temporary hardness and
non-carbonate or permancnt hardness. Hardness is usually cxpressed in
mg/L as CaC(}. The problems caused by excessive hardness arc mainly
cconomical in terms of scale formation in boilers and hot water systems.
From Tables (9 part 1 and 9 parl 2) it can be noticed that the monthly
average of lotal hardness T.H during the period of study was between
13.13 10 42,74 mg/L {or the samples in the desalination plant and 61.63 10
11E.11 mg/l for the remaining samples (including the sites ftom company
reservoir to the distribution sites). However, it was ranged from 4281.45
10 3092.65 mg/L for the seawater samples. The results are in line with the
WHO rccommendation and the Libyan Accounting Standards for T.H;
that is 500 mg/L as a maximum value for waters and potable water
purpases (WHO, 2004; Moore and Moore. 1999; Acown, 2002).
Although the result is higher than the rules of the desalination plant — that
15 200.85-7% mg/L — it is still within an accepted level. The results show (P
value was 0.012 that is <0.05) insigniticant differences in total hardness
concentration between the means of the sampled groups. The maximum
concentration of total hardness was 118.11 mg/L at sample {10), and (he
minimum was 13.13 me/L. at sample (3) (Fig. 11).

The physiochemical analysis of different sources of drinking water in
the city of Misurata in Libya found that the total hardness of desalinated
water was 56.7mg/L Al-Asaawi {1998) while in a study in Mexico City
on botled water quality the TIT ranged between 18.45-150.52mg/L.
Robales (1999). in another study Al-abdula’aly & Khan (1999) examinecd
the physical and chemicals parameters of local and imported bottled
water and found that in one of them T.H was 12-146mg/l. lor local

bottled water and 16-312mg/L for imported bottled water. Aother study
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of the water quahity which derives drinking watcr from three scawater
MSF plants in the Eastern Coast of Savdi Arabia to serve 10 important
citics was carricd out by Kutty (1990 and found the T.H CaC(); NT)- 158
mg/L.
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Figure (11) The monthly average of Total Hardness
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3.1.13. Total Alkalinity (T.ALK) mg/l
Alkalinity is almost entirely duc to the bicarbonate, carbonate, and

hvdroxide ions in the water, usually in association with calciom,
magnesium, sodium and potassium. Alkalinity can exist in water helow
the ncutral point of ptl 7.0 because of the relationship between alkalinity,
carbon dioxide. and pli value and between ptl values 9.4 and 10.0 the
alkalinity is all due to caustic or hydroxide alkalinity.

The values in Figure (12) illusirate the moenthly means of total alkalinity
T.ALK which were between 135.33 to 135.86 mg/l. for scawater
samples: from 7.97 o 11.13 mg/l. for the samples in the desalination
plant; and 81.26 10 203.76 mg/L for the remaining samples (including the
sites from company reservoir to the distribution sites). The results show
(P value was 0.000 that is < 0.03) insignificant differences in chlonde
concentration between the means of the sampled groups. The results are
higher than the desalination plant rules that sct a level of 42-43, The
maximum concentration of total alkalinity was 203.76 mg/l. a1 sampie
(10). and the minimum was 7.97 mgfl. at sample {5) (Fig. 12).

Batarseh (2006) found the value of alkalinity of desalimated water was
40.27 10 51-81mg/L, 215.84 1o 127.30 mg/L for 1ap watcr, 1.21 to 6.34
mg/L. for home filtered and 117.65 to 134.73 my/1. for bottied water.
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Results and Discussion

3.2. The result of heavy metals:

The results analysis of Zn, Cd, Mg, Mn. and Fe was carricd out for all
sites which showed that all concentrations were Nil for heavy metals.
This complics with the limits set by Libyan and WH(} standards for
drinking water.

Okasha (2001) found the results of heavy metals analysis in Wadi Al-
Shati reached 10 (Cu) dpg/L, (Cr) 4pg/l., (Cd) 1.2pg/L. (Hg) 3530pg/l.,
(Zn) 2ug/L. Ashelmani (2004) in his study of heavy metals found the all
values were within  the intemational guidelines and acceptable
concentrations for drinking water. The average concentration of Cd was
0.63pg/L Kutty er. oof, (1995). Virkutyte & Sillanpaa (2006} studicd the
physical and chemical paramcters of water and the results showed high
levels of some heavy melals which cause negative ellect for human
health; Fe was up to 1.9 mg/L and Ni was 0.05mg/L.. Howcver, the Tevel
of Pb, Cu, Cd and Cr did not exceed the National Chinese and WHO
drinking water standards.

These values were changed according to the environmental
monological study in 1996-1997 by Binahhmida (1997) which found the
concentrations of iron much higher. about 0.019 — 1.73 mg/l.. and this is
considered being above the allowed limit of WHO and Libyan standards.
The concentration of iron in desalination plants was 20048-156.80 pg/l..
the level of ron in tap water was 20.93-141.95 pp/l, and bottled water
ranged 20.09- 95,60 pe/L (Salamch er ¢f, 2002; Kutty, 1990, Batarseh.
20006).

Manganese assists the growth of some livings that lead to a tastc; Al-
Asaawl {1998) studied the concentration of Mn and found that the
concentration reach to 805ug/L. However, Batarsch (2006) found the
concentration ol Manganese in desalination plants ranged nd-1.03 ug/L,

the level of Manganese in tap watcr was nd-0.50 pg/l.. and bottled watcr
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was not defined. Kutty (1990) found the concentration ol Manganese

ranged 0.32- 3.77pg/LL in his study.
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3.4, Results of biological analysis

3.4.1. Total count of bacteria (T.C):

Tahles 1, 2 and 3 show the values of total count of bacteria (1.C) of
all collected samples. The highest coumt was in sample (9) mixing
water 3:1 GMmR water with desalied water which was (>300CFU/1m)
in June. September and December. The lowest count in mest of the

samples was 0.0CFU/Tm.

A study carried out by Hassan e ¢f., (1990) to evaluate the microbizt
situation of seaside water in UAE 1o three emirates Ajman, Sharka and
Dubai. The researchers studicd the distribution and count of bacteria
which were non self feeding, living in salt and negative germs and E.coli
bacteria. The resulis showed a high presence in counts of E.coli bacteria,
These hish numbers of bacteria in studied sites are due to the cffects of

sewage near to seaside water and their presence in open seaside waters of

the Arabian Gulf.
3.4.2. Total Coliform Count (T.C.F):

Table.l shows the total coliform (T.C.F) wvalues of all collecied
samples. The highest value was found in sample (2} which reached
I 1CFU/100mL, while the lowest value of 0.0CFU/100mL. found in most
collected samples except samples (D(9WTY13)14) was>2, Tuble3 4
shows the results of the total coliform (T.C.1Y) values of all collected
samples. ‘The highest value was lound in sample (2) which reached
9CEL/100mL, and the remaining samples were as 0.0CFU/Im. “The
highest value was found in samples (2} (7) which  reached
23CEFUAMmL, 4CFUA00mL in sample (1) sea water und the Towest

value of 0.0CFUN00mL in the remaining samples,
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Moftaak (2007) in her study found the result of T.C.F had the
highest value of 1100CFU/I00mL and the lowest value of
Q.0CFU/100mL..

3.4.3. Faccal Coliform Test (F.C.F):

Tables 1, 2and 3 show the total coliform feacal (T.C.F) valucs of all
collected samples in June, September and December 2006. The highest
vatue was found in sample (1), (2}, (7 which reached 4CFU/ 1 0mL.,
however, sample (2) was contaminated by E.col bacteria and the uther

samples were not identilied.

Ashelmani (2004) studied T.C.F in his study into the Al-Gardabiva
reservoir waler in Sirt, and found the values to exceed Lhe permissible

himit during the study period.

3.4.4. Fungi

From tables 1, 2 and 3 can be seen the fungi values in CFU/im of all
collected samples where the highest values were found in sample (11)
which was (>300CFU/1m) and in samples {2). {9) were (300CFU{1m).
The lowest value belween all samples was recorded in the period of
study as it reached 0.0CFU/Im except in sample {14) in which were

found 25 Pinicillum Fungi.

The isvlated species of Tungi {from Al-gardabiya reservoir water in
Sirt were examined by Ashelmant (20043 who found no risky specics

and ndicated no effeet on water quality.

Tables 1. 2 and 3 show the results of Streptococcus bacteria. The
highest values during the months of study were 23. 9, and 4 in sample

(1. 2. and 7) respectively. However. in the remaining samples the
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values were 0. The contirmative test was carried out {or all samples
and the results indicate NA for most of the samples except somples (2,
3.4, 5,6, and 7} which were =ve during June and [December 2006,

However. sample (1, 2) were tve,
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Results and 13scussion

3.5 Concluding remarks
It can be observed from the collected results during the study that the

highest levels for parameters under investigation come from the
production sample {3) and D412 Tank. This contradicts the anticipated
resulis for these two samples which were expeeted 1o have low levels
because the pre-treated water showed no additional salts to be sunable for
drinking. This can be atiributed to the break down of the plant many
times and the cnduring corrosions of the plant unit. It can also be noticed
that during the collection the sample from Tank D412 had vellow water
{Al-Abaar and Al-Mabrook, 2006; Ziadat, 2005).

Out plant samples have fluctuating values dunng the peried of study
due to the random mixing water rate by the Public Water Authoritv. The
highest levels come from Tunk 730 and the Guest 1ouse sample hecause
these arc channcled by tweo means, one from the Company Reservoir and
directly from the desalination plant even during the time the plant is not
warking properly. The main problem contributing to fluctuaizons in water
qualities can be related to the absence of the chemical treatment unil since
1993 until writing this work. The suggested solution to this problem is
mixing water with 3 quantitics ol water from river and 1 guantity from
the desalination plant. However, this remedial solution s randomly
applicd. The other source of low guality of diswributed water is that it is

transported via unhealthy, old and unsuitable trucks o the consumers.
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3.6. THE CHEMICAL TREATMENT UNIT

This section describes the chemical treatment unit and then suggests a
solution to the current problem to help produce drninkable water. In this
part I would like to mention that the plant suffers from the breakdown of
the chemical treatment unil which has a major effect on the quality of
product water.

3.6.1. Description of plant

Evaporator and distillate units, carbonizing and supplying drinking water
Loy the consumers.

3.6.2. Description of process

The plant serves for the carbonization and saltiation of cvaporated
distillated water.

The carbonization and salting arc cffected by adding carbonic acid 1o
the distillate and subsequent chemical setting by means of marble. This
leads to the forming of carbonate hardness. The salting is cffected by
adding sea-water {approx. 0.6% of the quantuty of distillate). A1 the same
time the sea-water also brings slight non-carbonate hardness inlo the
distitlate. Additionally, the water is treated as follows:

Oxygen enrichment of the distillate by adding compressed air.
Chlerination of the finished water for the purpose of germ destruction and
for avoiding bacterial after-growth.

Addition of phosphate as protective agent against corrosion.

Sodium tluoride is blended to the phosphate as protective agent against
dental caries.

In accordance with the process, compressed air is added to the distillate
before entering the mixing line, the excessive amount of compressed air
quanuty of distillate led into the lower section of the container. Here the

addition of carbonic acid gas i1s effected before the quantity of distillate
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passes through a further special mixing line up to the outlet of the mixing
container. The distillate to be trealed passcs over several marble filters
where the setting of the carbonic acid is aflected while the forming of
carbonate hardness occurs,

Subscquently, sea water, chlorine and phosphate sodium chloride are
added to the carbonized water. Behind the dosing points again a special
mixing line is provided so that, at the outlet of the plant, drinking water
becomes available having the following average analysis values:

Table.4. average analysis values of chemical treatment unit

"PH 7.3-7.8
Chlonne approx. 0.1-0.5 mg/L
Total Salt content approx. 380 mg/l
Bicarbonate of calcium approx. 1530 mg/L
Chloride approx. 130 mg/l
Carbonate hardness approx. 5.6 mg/L
~ Non-carbonate hardness approx. 2.4 mg/L
Fluorine approx. 0.45  myg/ll
Calcium approx. 40 mg/L.
Magnesium 10 mg/L.
Sulphate approx. 20 mg/L
Sodium approx. 70 mg/L
'Total hardness approx. g mg/i.
Potassium approx. 2 mg/l.
Bromine approx. 1 mg/L.
Phosphaie approx. 3 mg/l.

The efficiency of the treatment depends essentiatly on the qualiiy of
marble material applied by the customer. We recommend the use of

Juraperle 1W with a grain size of 1.2 to 1.8 mm. In any casc at least a
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marble material having the alorementioned grain size with the lowes
possible portion of dust should be used having purily in accordunce with
the analysis indicated hercaficr:

Table.5.The components of marble (mg/g)

Manganese Mn 000047
Al O, 0.3000
Copper 0.0002 '
Cao 55814 1
CO, 42.802 |
Fe,0; 0.0347
HC] -Inscluble 0.506
Humidity 0.02:4 {
Si0; 0.118
MgO 0.116
Specific Weight 263512
pH —Value 8.0 |

—_— - = ————

[n connection with the treatment of water we give the following
indications:

On average the addition of chlorine should be to 0.5 mg/l. max. During
average operation there shall only be lefl a slight excess of chlorme of
less than 0.1 mg/1 at the consumer points.

‘The addition of phosphate sodium {luoride should always he
maintained (or avoiding corrosions in the steel pipe lines. The tinished
watcr possesses d ccriain remaining aggressively which has (o be
attributed. On the enc hand, the water in question is synthetie, and, on the
other hand, the carbonization is carried out in the course ol a cooling
down process. Water, which is brought into a state ol cquilibrium at a

lemperature of approx. 40:C during the normal treatment process,
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becomes slightly aggressive as a result of displacement of the equilibrium
curve during the cooling down process or in the course of temperature
decrcasc. The addition of phosphate should permanently be maintained in
the amount of approx. 3o, since here the blended-in sodium luoride
corresponds to an addition quantity of 1 g of Nal, where the fluorine
addition itsclf amounts to approx. 0.45 g/m’. An increase of the dosage of
mixcd product should not exceed a plus of 309, since the double addition

quantity results in an excessively high additon of Nuoride,
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Resulls and [iscussion

3.7. The suggested solution for unit breakdown

The objective: treat the produced water chemically to reach the required
level of drinking water levels.

Material and methods: the following table shows six cxperiments for
treatment of produced water, which was produced withoul any chemical,
The proposed chemical treatment for produced water 1s @ major sep in
the production of water from a desalination plant. As mentioned earlicr
the unit in the Sirt desalination plant has been broken-down since 1993,
thercfore, produced water cannot be distributed to the consumer and
considered to be healthy and save.

We cstablished a mini chemical treatment unit in the plant laboratory
to suggest a way of treating the produced desalted water to overcome the
problem and provide a healthy and safe drinking water to meet with the
reguired standards.

Chemical treatment

The main purposc of the chemical treatment unit in the desalination
plant is to add the required amount of minerals to the desalted water
produced by the plant.

The substances used to enrich the water were sea water or GMmR water,

polyphosphate sodium, fluoride sodium, CO, gas, chloride tablets and

marble.

The main additive used and concentrated on in this experiment was the
tvpe, shape and amount of the marble.
Two different types were available vellow marble and gray marble. The
marble was grained to small pieces (0.3-lcm) 1o exposc maximum
surface of it to the water passed or mixed with the obtained values {or the

desalination watcr.
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Wesuits and 1iscussion

Table (6) shows six experiments of chemical treatment of produced
water [rom the plant which carried out in plant laboratory. The purpose
and the motivation of these tremtments to find out the method for
treatment of the produced water from the plant (this water does not
comply with WIIO standards for drinking water) and to avoid the
inconsistent method of mixing water in the plant. The motivation behind
these exterminates is that during my site visit 1 noticed that the produced
water was untrcated due to break down of the treatment unit. So, |
thought about this way 1o avoid using some materials that deteriorate the
work of the plant.

In order to conduct these treatments. six tests were carried oul by the
researcher. Different volumes of distilled water ranged from 300ml. 1o
201. were used. in this regard the chemicals alse were difterent base on
the amount of the marble and the marble conditions such as its heating.
mixing. soaking. and bounding. It is worth mentioning that all added
chemicals were added relative to the amount used in the plant when the
unit of treatment was working.

For example. 20 L of distilled water used that contains amount of
marble which was soaked (and was bounded)Before adding any
chemicals addilives. the electric conductivity of the water and the marblc
was measured and found 10 be 23ps.In the following procedure 1 added
chemicals for treatment of the produced wuter where 0.033p ol poly
phosphate sodium, 0.04g of Sodium Fluoride. 100 mi. of filtered and
purificd seawater, that reach 1o the half leve! of the 20 L tank were added,
laving added all thesc chemicals, the clectrical conductivity was
measured and it found to be 534 ps. The rest of parameters of this

experiment were measured and they appear in table (7}
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Resulis and Discussion

Marble was added to desalinated water directly without any chemical
additives and a comparison between vellow marble and gray marble was
carricd out, The results are shown 1n table (8.A):

‘Table (8.A) The comparison between vellow marble and gray marble

EC TDS NaCl% T°C pH

ps/em
Yellow Muarble 236.5 118.3 0.5 247 7.4
Gray Marble 086 493 0.1 23.8 985

it can be observed from the table that vellow marble is much better than

gray marble in producing water with suitable salts.

Tablc (8.B ) shows the comparative values between the parameters

directly after the addition of sodium fluoride + poly phosphate sodium

+seawater + CO; gas + chloride tablets. The results were as follows:

Table (8 B} The comparison between vellow marble and gray marble

Yellow Marble | Gray Marble
EC 556psfcm 387 psfcm
TDS 278 mg/L 194 mg/L
NaCl% 1.1% 0.7%
T°C 20.5°C 22.7°C
pH 7.48 9.95
Ct 25.6 mg/L 15.62 mg/L
Ca” 23.64 mg/L. 52.8 mg/L
T.H 73 me/l. 6.72 mg/L.
Na+ 10 mg/L 14 mg/L
K" 18 mg/L 4.5 mg/L
HCO,— 30.5 mg/L 1342 mg/lL. |
Alk, 30 mg/L 98 mg/L
50, {.725mg/L 52.8 mg/L

The remaining results of gray marble for other parameters as explained

in the table of the results for chemical treatment, where all experiments

was carricd out using gray marbie.
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Roesules and Discussion

Findings: Experiments 5 and 6 showed the best resulls because they
comply with the chemical treatment during its  working time.
Accordingly, these results can be wilized tor large volumes by the plant
administration with some modifications o serve their purposes in the

absence of a working chemical treatment unit.
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Recommendations and Conclusion

4. 1. Recommendations:
Depending on the findings of this study the following recommendation

are thought to have a direct effect on improving the guality of drinking

witer:

4.1.1. For general purposes:
e Waler authorities should give more attention to study water quality

te comply with the international and local standards.

e Water reservoirs should be subjected to periodic inspection 1o
mitigate the problems of corrosion. ‘This can be donc by replacing
the existing water tanks with an established water distribution
chansnet.

» Monitoring the quality of water transferred 1o individual consumers
via trucks and finding another way of transferring water.

«  Water supply tanks should be secured as observed to be left open
which may Icad to more pollution.

» Tor public health, tanks should be hygicnic 1o prevent the growth
of microorganismns.,

» [Establish water centres in Sirt city that are concermed with the

quality and monitoring of the water supplics.

4.1. 2. Recommendations for the desalination planot:

o Study the quality of feeding waters lor the plant 1o enhanee the
industrial process and to maintain the plant unit working in an
efficicnt way; for cxampie. the boilers. the condensers. water
ICSCIVOIL.

¢ The examined reservoir for scawater that foeds the plant was

not in good condition: it was fungal. rusty, corroded, and the

88



Recommendations and Conclusion

water was surfaced with oil which impacts on the work of plant
units and the produced water quality.
The chemical addilives such as tgose for the anti loam of
scawater, anti shells and anti-corrosion should be used in a right
way and according Lo slandards methods.
Avoiding dumping the wastes into the sea to protect the
environment by a recycling process before discharging it into
the environment.
Upgrading and training the current staff in the plant to keep
them up to date with new developments.

4.2. Conclusions
The corrosion of the plant units, shells within the units, spills of
oil on seawater surface, and smoke arising from the plani: all of
these lead to environmental pollution.
[Due to the lack of periodical maintenance and renewal of the
old units of the desalination plant, the plant cannot provide
waler ready for drinking.
The quality of desalting water produced by the plant meets with
the standards of desalting water.
Simpler and chcaper wavs of chemical treatment werc
suggested which can be adopted by simple modification.
Due to the continuous break down of the plant, great damage
was caused to 1Is units.
Lack of maintenance of plant leads 1o low quality of produced
watcr.
The use of different tvpes of marbles (grey) may causc

deterioration of the chemnical treatment units.
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Recommendations and Conclusion

Growth algac in the cxamined reservoir (site. 2) leads to
contamination of teeding water.
Efficicncy of yellow marble in wrms of diflerent ninerals to

desalted water is much better than grey marble,
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Appendix

Appendix (2)

The monthly report for chemical analysis of desalinated water
(Sirt Desalination Plant, 1991, 1692, 1993}

T 1591 gl
CagEC s T a3 a5 _6 1 8 .9 _10 1l il
Dist. 209 2.1 236 209 211 12 31 LN 13.0 27 i3 299
Dhisl. a0 1.8 505 0 1.83 1.6 1.2 2.0 11.0 27 30 3.00
Cond. 082 0.75 058 032 0ee 1.0 0.9 1.4 L.G 12 135 14
B.F.W 523 18 60 523 479 52 B.0 4.1 2.0 6.4 10 3.0
Boiler-1 420 413 515 429 407 400 350 149 156 330 405 897
Boiler-2 93 419 522 393 368 {80 192 L85 110 386 429 7I6
Potable water 414 404 385 492 44 426 670 700 500 490 423 510 178

- 562 ]
T3 4. 5..6 .7 _8§ _9__10__I__12

558730 Ti8F 34 a7y 500 32 24 120207 3.6
53 289 180 41 473 498 25 20 37 30 29
31 10 160 083 142 098 21 09 08 043 10

B.EW 34 311 195 300 163 281 3.65 76 36 41 29 33
Boiler-1 150 272 2700 350 281 249 24 280 277 506 249 237
Boiler-2 346 295 272 308 197 233 221 243 252 299 257 282

Potable water 414 314 770 380 535 433 385 414 420 595 710 560 408

SECHMY T 5 s 7 8. 9 W0 ML el
[hst. - - - - - - - - - - -
[Xst. 53 798 42 4,0} 4.4 4.9 5.3 201 50 322 45 2.0
Cond. 082 142 09 1.0 0.4 08 1.2 1.4 1.0 1.4 1.2 0.8
B.F.W 406 7.6 37 Al 5.3 3.0 8.2 104 42 48 62 2.4

Boiler-1 300 273 289 300 285 310 37 332 340 339 318 317

Bailer-2 293 266 266 306 294 284 32 307 321 283 297 299

Potahle water 414 540 708 563 550 525 560 550 133 304 37 324 360

Where:

Dist.: Distitled water into the plant
Cark.;: Condenser

B.F W: Boiler Feed Water

{-¥: Not Done



Appendix

The monthly report for chemical analysis of desalinated water

R V59 —]
U Tl 2 3 4 5 6 7 ___ .8_ _9_ . __l0o___n__12]
Dist. 1.2 73 1.0 7.1 1.3 7.0 7.3 7.3 1.1 7.0 0.8 0.3
Dst. 7.2 T4 6.7 8.9 1.0 6.9 1.4 7.4 7.1 7.0 6.3 -
Cond. 7.25 7.2 14 1.4 7.0 72 7.5 73 7.1 T.05 89 6.3
B.F. W 1.25 1.6 7.0 7.1 7.0 7.4 1.5 1.5 735 12 7.1 1.0
Boiler-1 107 107 10.7 s 106 104 100 1001 19.0 a7 10.4 7.1
Boiler-2 0z 102 103 103 9.7 1940 10.1 10.0 0.6 99 14 7.1
oatable water 414 1.7 an 74 7.5 74 7.05 Q.1 o0 80 1.5 E.0 3%
S 1552 —
FhaeMy 73 15 _ 6 _1 . 3_ 9 10 1]
Dhist. a9 a9 6.8 T.0 6.9 7.0 T.0 6.9 6.9 7.0 7.0 6.9
sl 6.2 1.0 T.0 7.0 1.0 1.0 8.9 6.3 7.0 1.0 1.4 7.0
Cond. 6.7 6.9 6.9 1.0 £.9 1.0 TG 6.0 1.2 7.4 1.0 1.4
) B.F.W 7.0 7.0 7.0 71 .0 71 7.0 7.1 7.2 7.2 7.0 71
' Boiler-1 107 107 105 107 9.6 10,2 102 1.4 105 105 103 98
| Boiler-2 10.7 107 105 106 G.4 10.2 10.2 104 105 105 103 Q.7
Potable water 414 7.6 1.3 T0 T 1.0 8.4 1.4 1.5 T6 T3 18 1.5
e L403 -}
pH 4. 5 6.7 8. _95. .10 1 I2]
Dist. - - - . - - - - - - - -
Dhist, 7.0 70 14 6.9 H9 6.8 7.0 7.0 7.0 7.0 7.0 7.0
Cond. 7.0 7.4 .0 7.0 G4 6.9 T0 7.0 1.0 7.0 T0 74
B.F.W 7.1 7.0 71 7.1 7.0 1.1 7.2 7.1 7.1 71 7.1 7.1
Boiler-1 9.4 103 194 Ikl 192 101 10.2 00 105 103 103 104
Boiler-2 3 102 103 101 0l 100 10.2 10.0 104 13 102 104
Potable water 414 7.9 7.9 1.8 1.8 7.8 7.5 8.1 .0 9.1 8.5 g0 9.0



Appendix

The monthly teport fur chemical analysis of desalinated water

T 1991 ]
Chiorideppm - (=553 5 " 6___7 5 o _1i__i2]
Dist. : T T e . - - -
Dist. - S - e e e - - - - -
Cond. - - - - - - - - - - - -
BF.W Nil  Nil NIl Nil NIl Nl Nl Nl Nt Nl Nl Nil
Boiler-1 066 §& 88 &9 65 710 49 S04 39 925 38 2B
Boiler-2 61 40 40 40 40 10 56 50 30 71 40 157
able waer 414 12708 145 142 153 160 142 103 11065 100 896 1186 6
SRl L p ep e 19932 ] _‘:.\._..l
Chigrideppm T3 ——3 3 _5__6 7. § _ 9 _ __1__12J
Dist. - - - - - N
Dist. - - - - - - - - -
Cond. - - .- e - - - - -
B.F.W Nip Nl Nl ML NI NI N NIl NI Nt Nil Nil
Roiler-1 511 157 180 28 199 187 189 176 186 270 185 179
Boiler-2 516 165 17.9 24 152 182 188 172 185 200 186 183
ouble water 414 93 1773 158 130 144 957 108 108 129 135 151 12l
o R 1993 Ry |
whorde pem- 53 4 5 6 7 _8 g 112 ]
Dist. ; ST - A
Dist. - S - - e - - . - -
Cond. - - - - - - - - - - - -
B.F.W Nl NIl NI NIl Nil Nib NIl Nil Nib Nib Nit Nil
Boiter-] 58 178 189 188 183 188 174 (92 189 181 177 183
Boiler-2 95 174 188 88 188 188 171 190 187 178 175 8.2
rotable water 414 1365 141 134 133 112 120 130 27 vy 118 93 103



Appendix

The monthly report for chemical analysis of desalinated water

1991 ]
Chlogineppm 5 35 3 5 _6 __7 _ 8 _.9 _10__T__l2]
Dist.
Dist.
Cond.
B.F.W - . - - - - - - - - - -
Boiler-1 - - - - - - - - - - - -
Bailer-2 - - -

otable water 414 0,08 0,13 0.3 Nl 017 013 il 012 013 012 02 Nl

Wﬁ-‘ﬁ‘iﬁﬂi?:;it : - 1993 o
Chigrne ppim=2y—————3 35 61 _ 8. .. 9. 10 __M__I2
Dist.
Dist,

Cond.

B.F.W - - - - - - - - - - - -
Boiler-1 - - - - - - - - - - - -
Baoiler-2 - - - - - - - - - - - -

Potable water 414 0.18 0,14 008 0.12 013 006 012 012 008 o015 009 o1

g |

W;@I‘l N ]g_gj . L v g R
geflorneppmt =3 3 56 7 8 9 Jo_ N__i2]
Dist.
Dist.
Cond.
B.E.W - - - - .- - - - - -
Buoiler-1 - - - - - - - - - - - -
Boiler-2 . i . ; . . .

boble water 414 0.08 008 008 0.0 011 ol 0l 0.1 Trace 0.06 lTrace 005



Appendix
‘T'he monthly report fur chemical analysis of desalinated water
Hirdnessppm =~ 3 5 5 __ §___7 __8___ 9 _ 10__J1__12]
Dist.
Dist.

Cond.

B.F.W Trace Trace Trace Trace ‘Trace Trace Trace Trace Trace Trace Trace Trace
Boiler-1 0.01 001 €01 001 00l 901 0.0 0.41 ool o00v op1 0.
Baoiler-2 00} 081 00l 001 001l 001 0.0 0.01 001 001 001 0%

otable water 414 77.5 79 B3 BO B1 57 63 43 44 50 50 23
|‘§62 AR l
1 2 3 4 5 f 7 B o 10 11 12 ]
Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace
0.01 001 001 001 000 00l 0.0l 00! 001 9.01 001 001
0.01 001 001 ool 001 001 0O 001 o0l 0.0t 001 001
Patable water 414 289 634 615 53 56.7 40.2 0 551 58 576 03 56 57
"r_,“-‘i’-.'c:;-:"-.,f v 1503 IR
ZHardnsss ppm.- ;™ 7 3 . 4__5 6 _ 71 _8 9 16__1 |__|:1_;J
Dist.
Dhst.

Cond.

BEW Tmee Trace Trace Trace Trace Trace Trwe ‘Trace Trace Traece Trace  Trace
Boiler-1 g0l 001 00! 001 001 001 0.0l gol 001 001 001 001
Boiler-2 ool 0.1 001 000 001 00l ool 001 o1 001 ool 0l

Potable water 414 53.2 652 53 335 M 565 503 182 50 518 417 30



Appendix

The monthly report For chemical analysis of desalinated water

e RS 1941 TS |
“POLpem! 3 3 3 5 .6 7. 8 . 0__ 10 11 12]
Dist.
Dnst.
Cond.
BFW 0.9 0.6 1. 0.6 04 065 05 02 £.12 055 04 1.3
Boiter-1 21 298 220 12% 26 2946 222 11.2 46 93 72 19
Baoiler-2 k4 125 145 129 125 128 10.% 0.3 97 103 74 1.8
botable water 414 1.0 09 075 LD 1.2 1.0 08 0.9 1.0 02 02325 026
2o . 1002 PRV OTn
] 2 3 4 5 [ 7 8 9 10 11 12 _}
04 017 017 01§ .05 0.1l 0,14 0.2 0.5 03 021 028
Boiler-1 108 108 102 105 435 10,3 9.0l 92 o8 2.9 ] 84
Boiler-2 7 109 101 105 42 103 6.0 .1 2.7 B3 B8 8.5
Porable water 414 D21 030 04 o 075 .2 1.2 1.1 1.3 14 14 1.4
]-fﬁ'}} - ;%ﬂ%i
— 12 3 43 G 7 ___&___9___10___Il 12_]
022 021 027 021 W06 016 018 017 020 0200 022 019
9.0 By 9.4 T 9.7 8.0 8.0 a1 9.4 g3 03 9.3
8.9 8.4 89 71 3.6 B.5 8.6 a.n 04 0.3 9.1 0.3
Potable water 414 .4 l.d 1.4 .4 1.4 14 138 1.2 1.3 1.38 .38 1.2



Appendix
‘I'he monthly report tor chemical analysis of desalination

Pyalueppm T3 3 4 5 6 _ 1 _ 8__9 101 12

Dist.

Dhst.

Cond.

B.FW Nil  Nil NIl Nil Nit Nl Nil Nil Wil Nil Nl Nil

Boiter-1 178 18 I8 15.0 1890 15 16.8 10.9 8.2 6.0 67 Nil

Boiler-2 100 9.8 0 102 10 o e 108 74 6.2 6.2  Nil
lotable waier 414 Nil  Nil NIl NIl Nl Nl Nit il il NIl NIl 4.3
B 1392 — ]
shyaleppm - 3 3 3 s 6 _ 7 _ & 9_ 0l 12]

Dist

(st

Cond.

B.F.W Nil NIl NIt N Nt Nl Nil Nil Nil Nl Nl N

Boiler-1 a0 9l 89 90 93 8.7 B8 B.1 23 17 86 80

Boiler-2 90 %1 88 88 93 87 8.8 84 86 86 86 80
Potable water 414 Nl Nil Wil Nl Wil Nil Nil Nil Nil o Nit Nl Wil
BPValie pp - i LiL BRI 23
A N N T AT U U L L S 12}

Dist.

DisL.

Cond.

B.F.W NIl NIl Nil Nil Nil Nt Nil Nl Nil Nil Nil Nil

Boiler-1 8.7 BT B.Y 8.8 8.8 88 &7 B3 K8 B B.5 B

Boiler-2 B.7 8.7 8K 87 87 87 W7 B3 L 8.6 8.5 8.6
Potable water 414 Nil Nil Nil Wil Nil Nil Nil (.62 0.5 .48 0.5 0.52



Appendix

The results of chemical analysis for desalinated water

(Sirt Desalination Plant, 1991}

Month | [ I
3 6 7 ] ¢ L] i
Analysis
40-835 60-975 525980 | 410-705 | 100-2250 | 32(0-1030 423-760
EC
1078 70-30 7.0-%.0 7.0-9.1 1.2-8.8 1281 T84
pH
55-75 20-§5 50-80 A0-60 15-180 41-50 1%-79
Hardness ppm
T0-12.5 a.0-13.6 4.3-12 42-12 192 2.7-12.3 B2-11%
Calcium ppm
0.5-11.99 | 048-12.3 | +0-9.4) 39-9.5 4.0-17.2 £.5-9.8 5.7-8.8
sfaemesium ppm
101-171 18-196.5 129-183 §3.220 ¢1-4497.6 79-213 BE.8-157.5
Chlonde O ppm
0-0.3 0020 Mil 4.0 4.2- Wil =il (-0 001
Alkalinity ppm
M1-44 d1-45 =45 43-43 41-45.0 43-45 42.0-44.2
Alkalinity ppm
17-31 17.9-34 1'+-33 17.3-33 1¥-35 [ 7.6-32 2%0-19.2
Sulphate ppm
2-0.8 X131 L.o-1.2 [RISIR. -1 (h22-1.8 0 20-01300
Phosphate ppim
N L12-0.16 | 120006 | 005005 | 01300 Wil -0 13 | 042-0.19 0.09-0,15
Chlorine gas
ppm
I84-561 1 17-567 J418-483 413246 J05-T50 266-721 337.5-332

T.13.5 ppm




Appendix

The results of chemical analysis tor desalinated water
{Sirt Desalination Plant, 1992)

et |

; Monih
f 2 3 + F i
Amalysis

223120 1457 345685 12640 3F9-730 382-533 281-370

EL
69-79 69-19 H.0:-K.0 70-7.9 7.1-59 71.2-9.0 i1-80
pH
24.9-72 53-67.2 54.2-619 48, 5-389 41-64 J0-38 10,560
Hardness ppm
5.6511.7 6.2-10.4 E.1-123 7.92-12 f1-12.7 f.5-12.3 6.2-12.5
Calcium ppm
4.12-8.5 4.5-R.| 55407 5 RG0S 5208 5.1-9.40 54-27
Magnesium ppm
F5.7-154 142-1 48,0 147173 [13-16:4 113-1%4 05 3-124 a7 4-125
Chlgride Cl ppm
(b1 N-0 (b0 -0 n-4.3 (=34 (-0

Alkalinily ppm

42.2-43.9 435447 | ddpddd | 443045 | 220448 | 435446 | 42448
Alkalinity_ppm

1239250 | 153-200 | 15242 | 138238 | 149243 | 143202 | 129-823
Sulphate ppm

(.21-.030 (0L 30-0.40 hi5-§.2 03314 (.9-1.4 1.0-i3 1.1-13
Phosphate ppm

021 008018 | 0-0.12 0.08-1.5 | 01-0013 | 0.06-6.12 | 0.11-002
Chlorine zas ppm

156.1-504 | 310.5-550 | 287-359.5 | 2324448 | 265-511 | 267-3745 | 2543816

T.DS ppm




Appendix

WHO. EC. AC and Libye Guide Drinking Warer Directive
the Parameiers

From WHQ, European commission ard Arabic com

Libyan standards guideline, (Libyan national center

Stanidards for

mission (Gray, 1999).
Jor standards, 1992).

Parameters units Wi lﬁniuid:: EC gtﬁ: ?il:lc AC
Colour Unit 5 15
Turbidity Unit : s ]
temperature C 15-25 15-25 15-25
Taste - Acceptable ﬁccipmhi
Odour i Acceptable :\cc-:.;pmhl
H Unit 6.5-8.5 6090 | 6585 5595 |
Eloatical conductivity 1500-2000 | 1500-2000 2000 |
Total dissolved salts ) ppn 1000 (006 | 500-1000 | 1500
ORF My 250 250 300
Dissolved oxygen My/! £.0-9.0 6.0-9.0 6.0-9.0
Toial alkalinily Mg/ 50 250 350
Total hardness Myl 400 300 200250 | 300
sodium M/l 200 200 20-200 | 200
botassiom Mg/l 12 12 40-10 12
Caleium Mg/l 200 150 75200 200
Magnesiom Mg 50 50 30 2550
Chioride Mgl | 200250 | 200250 | 200-250 gi!}
carbonate Mg/l 3.0-4.0 3.0-10 2.0-3.0




Appendix

Parameters untits ‘:’h"l l{? e L. iby an AC
guide line guide hoe
Sulphate Mg/l 250 250 200-400 200-250
Aluminurm Mg/l 0.05-02 | 00502 002 0.1-0.2
Nitrates Mg/t 50 50 45 50
Nitrites Mg/ 0.2 0.1-02 | 0.1-3.2
Iron Mg/l 0.3 0.3 0.1 0.3
Manganese ag/l | 0.1 0.05-0.1 0.1
Copper Mp/l 1 1 0.01-0.1 |
Phosphorus Mg/l
Total bacterial count T:IE::;.;IC“[ 20-100 20100 20-100
Total coliform | o gomt | 0.01 0.01 0.03




Appendix

Used Apparatuses of chemical Analysis:
1. pH meter (Jenway, England)

7. Electro Conductivity meter (Jenway, England)

Termometer (Jenway, England)

= -

TDS meter (Jenway. England)

[

Flam Photometer 410, Coring. England
6. Atomic Absomption Spectrophotometer  PU 0200X. (Fisone.
England)

7. Spectrophotometer 300. (Cecil double beam, England)
The used media for Biological Analysis in the study:
The media that were used in bacterial analysis arc the following:
Brilliant green bile lactose broth(BGBLI)

Eosion methylene blue agar(EMB)
Nutrient Agar (NA})or TGE agar
Azide dextrose broth{ADB)

Brain he'art infusion broth.
Sabouraud dextrose agar.

Mac Conky broth (MI3).

Bile esculin azide agar.

Titra thionatle broth.

Medias, Reagents and Equipment of Biological Analysis:
TotalColony Couuts(T.C) Test: Nutrient Agar or TGE Agar, and
Ethanol 70%.

Petri dishes, 0.1 m] pipette. air incubator set at (37 C). and colony counter



Appendix

Faecal Coliform Test (F.C.F)
Media and Equipment:
Macconkey broth.

Water bath, incubator set at (44°C), and sterile loop.

The Multiple Tube Fermentation Test for Total Coliform

Count:

0.1 ml volume of sterile distilled water. vere spreaded with each

Media and Reagents and Equipment:

Macconkey broth (double +single strength) or laurvl tqrptose broth
briftiant green broth. EMB agar.and nutrient agar.

Test tubes. Durham tubes. air incubator set at (37°C), 10 ml, 1.0ml, 0.Iml

pipettes. Petri dishes, and racks.

Streptococcus faecalis:

Media, Reagents and Equipment:

Aride dextrose broth bile esculin azide agar, and brain heart.

3 small tubes of double strength azide broth,6 small tubes of single
strenglh azide broth, 10 ml pipettes,iml pipette 11 ml plate, rack, and
incubator (35°C).

Fungi Test:

Media Preparation:

47y Sabouraud 2%glucose agar.| liuer distilled water, The flask wus put
on thehot plate-stirrer, and asutoclaved at (121°C) for 15 min. The media
was poured in Petri dishes. and the dishes were put in refrigerator.
Equipment:

Flask, heater+ mixer (hotplate-stirrer). magnet, Petri dishes. and distilled

waler.
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Type of used marble {Yellow + Gray)
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The experiments of chemical treaiment of desalinated water which carricd out in labomtory (B)
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