Drinking Water Treatment
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Agenda

This Presentation will cover :

« Water in Egypt

« Multiple Barrier Approach

« Current situation of water in Egypt

* Drinking Water Treatment Process



Drinking Water

in Egypt




Do You KNnow...?7?77?7

How long can humans live without

water?

We can live 30+ days without food, but
only 4-7 days without water

How much of the human body is
made of water?

The human body is about 60% water

How much water should humans
drink each day?

We must drink at least 6-8 glasses of
water each day




Multiple Barrier
Approach




Multiple Barrier Approach to Public Health Protection

RISK RISK RISK RISK

'SOURCE WATER & COLLECTION

Goal: Protect Current &
Future Sources of
Drinking Water
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PREVENTION MANAGEMENT MONITORING/  |nformation
COMPLIANCE
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Water shortage in Egypt

« The current water shortage in Egypt is 13.5 Billion cubic meter per year (BCM/yr) and
IS expected to continuously increase.

« water shortage in 2025 would be 26 BCM/yr in case of continuation of current
policies.
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Surface water

or groundwater

+ Treatment

Contaminants:
Particles (clay, silt)
Natural organic matter
Microcontaminants
(e.g., pharmaceuticals)
Bacteria , Protozoa.

Tap Water
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Water Treatment Process
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Water Teratment Process

1. Screening (2alall) Lasdl
2. Clarification G2

3. Filtration & 5l

4. Disinfection _nekdll

Filtration

Disinfection

5/15/2018 13



Screening




Screening

 Removes large solids
— logs
— branches
— rags
— fish

* Protects pumps and pipes in WTP



Screening

*Screens should be easily removable
or have automatic cleaning devices

* Steel or metal screens should be
corrosion resistant.




-Screening (Manual)




-Screening (Automatic)
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Maintenance of Screens

Clean and validity of screens
Clogging and corrosion are biggest problem
All screens must be inspected
Periodic maintains of pumps
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Clarification
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Nature of Particles:

Particles In water are a result of :

* SOl

» decay of plant material
 Industrial contamination
* animal wastes, etc.




.
Type of Particles

Particles

Particles

Able to perception
e yil) albls

Particles

NOT Able to perception

J
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Clarification
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Clarification




Clarification stages

.

Coagulation Flocculation il Sedimentation

e







Microsand ballasted technology

Microsand
Floc-Aid Polymer

& l < I
Microsan T 3
Hydroxide Flocs Ballasted F'j | - n:m |
T
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Coagulant




Hydrocyclone
To sludge
treatment

Treated
water

Raw water/
Coagulant
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Clarification stages

1. Coagulation

l = | \

Coagulation  Flocculation Sedimentation Filtration Disinfection




Coagulation

1 Surface water usually has a lot of suspended and
dissolved matter

1 These solids must be removed to ensure that the
water is safe for consumption

[1 The coag/floc process facilitates the removal of
small, suspended and dissolved matter



Natural Forces Between Particles

1- Zeta potential
1 Preventing force between any two particles of like Charge

_f":.__" >

2- Van der Waals force
1 Attraction force between particles pulling them together
> <

1 Particles will stay in suspension :
zeta potential > van der Waals force



Coagulant agent

Polyacrylamide

Moringa oleifera



Chemical Feed
Equipment




Flash Mixers

. . . . _ adepin® ) commome T e e NN SSE L2 A -
) Provide agitation to evenly mix coagulant through T T T *

GEENE WS FTE R —
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water

[J Add chemicals to center of mixing chamber

[J Coagulation occurs in less than 1-2 seconds

[J This stage determines the success of coagulation
[ Detention time should not exceed 30 seconds
(Design Criteria)




Flash Mixers

Types of Flash Mixers
[J Mechanical mixers
] Static mixers

[J Pumps and conduits
] Baffled chambers




Mechanical mixers
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http://www.myersequipment.com/_vti_bin/shtml.exe/vertical.html/map
http://www.myersequipment.com/_vti_bin/shtml.exe/vertical.html/map

Mechanical mixers



http://www.myersequipment.com/_vti_bin/shtml.exe/walking.html/map
http://www.myersequipment.com/_vti_bin/shtml.exe/walking.html/map

Baffled chambers

v

» Horizontally baffled tank
The water flows horizontally.
The baffle walls help to create
turbulence and thus facilitate mixing

L
= AL P T

Plan view (horizontal flow)

« Vertically baffled tank

The water flows vertically.
The baffle walls help
to create turbulence and
thus facilitate mixing

Isometric View (vertical flow)



Baffled chambers
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Clarification stages

2. Flocculation

[ B W s\

Coagulation  Flocculation Sedimentation Filtration Disinfection



Coagultion Vs. Flocculation




Flocculation

] Follows coagulation

[J Provides gentle agitation to build floc

[J Mixing energy must be low so floc will not be sheared
1 Floc should not be allowed to settle in floc basin

(1 Detention time must be at least 30 minutes,
with 45 minutes recommended (Design Criteria)



Coagultion Vs. Flocculation

Coagulation Flocculation
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Flocculation: theory







AL UM
Al12(SO4); =+
Aluminum -+
Sulfate
FERRIC SULFATE
Fe2(S04)3 +
Ferric +
Sulfate

FERRIC CHLORIDE

2 Fe Cl3

Ferric
Chloride

Inorganic Coagulant Reactions

3 Ca(HCO3)2

Calcium
Bicarbonate

(already in the
water to treat)

3 Ca(HCO3)2

Calcium
Bicarbonate

(present in the
water to treat)

+ 3 Ca(HCOs3)>

+ Calcium

Bicarbonate
(present in the
water to treat)

gives

=

4 )

g %

2 AI(OH); |+ 3CaS0O4 + 6 CO>
Aluminum |+ Calcium + Carbon
Hydroxide Sulfate Dioxide
2 Fe(OH)s [+ 3CaS0Os + 6 CO>
Ferric + Calcium + Carbon
Hydroxide Sulfate Dioxide
2 Fe(OH)3 - 3CaCl, -+ 6CO->
Ferric + Calcium + Carbon
Hydroxide Chloride Dioxide



Flocculation Mecanisam

humic acid Fe(OH)**

(- charge) (+ charge)
c e > ® - ﬁn




Flocculation Mecanisam

< 1 sec 1-7 sec
Fe3* + H,O — Fe(OH)"" — Fe(OH);-floc

OH OH OH OH

| | | |
OH-Fe-OH-Fe-OH-Fe-OH -Fe-OH-Fe-OH

OH OH OH OH OH

e + o - ° —_—

humic acid colloid Fe(OH);-floc




Flocculation

Operating Factors That Affect Floc Development

« |nadequate flash mixing
« Improper flocculation mixing
« |nadequate flocculation time
* Incorrect chemical dose



Choosing a Coagulant

[J Begin by using the jar test with various chemicals
« Dose
« Mixing speed
« Chemical combination
« Full-scale plant operation may not match jar test results
« Indication of improper flash mixing, coagulant
« Pinpoint floc
« High settled turbidity
* Frequent filter backwash



Control Tests

Tests that are used to optimize the coagulation and flocculation processes:

1 Jar test
« allows you to test different chemicals or dosages before you
try them in your plant




Control Tests

Tests that are used to optimize the coagulation and flocculation processes:

JpH
* ensures proper pH range for coag/floc process

[J Turbidity (settled)
. success of sedimentation process

(1 Turbidity (finished)
. overall process success



Control Tests

Tests that are used to optimize the coagulation and flocculation processes:

[ Zeta potential meter

[J measures charge of water

[J Streaming current monitor

[J measures overall charge after coagulant is added

] Particle counter

[J measures size and concentration of particles in finished water



Control Tests

Visual inspection of floc in floc basins:

« size and distribution of floc

« Visual inspection of how floc settles in sedimentation Basin
« Calibrate feeder equipment at least once per shift

« Use in-line monitors to measure water quality



Common Operating Problems

[J Low water temperature
« Astemp drops, water becomes more viscous

« Solutions: operate near optimal pH, increase coagulant dose,
add weighting agent or coagulant aid

[ Weak floc
« Passes through filters
« Slow floc formation
« Often caused by low turbidity or insufficient alkalinity
« Solutions: add weighting agent or increase alkalinity



Clarification stages

3. Sedimentation

=W =\

Coagulation  Flocculation Sedimentation Filtration Disinfection




Sedimentation

particles particles
suspended settled
in water on bottom
S ' t—,‘ .’1; » -: :
‘:(..’ : .".:.‘ : .~. -
> ®ISY - time
' o el
£ Pt e 8 T e FS O
.. :\ M -A. 2 ) °'.\

Rachel Casiday, Greg Noelken, and Regina Frey, Washington University



Coagulation Flocculation

Clarification




Sedimentation

[J Occurs following flocculation and before filtration
[ Decreases the solids loading on filters and other
treatment processes

] The decreased loading can result in

« longer filter runs
 reduced filter maintenance




SEDIMENTATION BASIN OPERATION

(1 Goals of Sedimentation
« To produce settled water with the lowest possible
Turbidity

« To reduce the concentration of organics which can
cause color or form DBP’s (disinfection by products)
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ldeal sedimentation tanks

The conditions must be done to be an ideal sedimentation tank:

1.The flow is laminar flow.

2.There are no dead zones.

3.The horizontal velocity is constant.

4.Good arrangement of inlet and outlet weirs.




ZONES OF A SEDIMENTATION BASIN




ZONES OF A SEDIMENTATION BASIN

[ Influent Zone (inlet)
« [ Decreases the velocity of incoming water from flocculation
* basin
« [ Distributes it evenly across the basin

[ Settling Zone
« [ Provides the calm area for the suspended material to settle
 [J Largest zone
e [ Effluent Zone

1 Provides smooth transition from settling zone to effluent

flow area

1 V-notch weirs enable flow to be evenly distributed

[1 Sludge Zone

[1 Area where solids collect as they settle



SEDIMENTATION BASIN OPERATION

) Factors Affecting Sedimentation
 Temperature
« Colder water = slower settling
« Particle size, shape, and weight
« Electrical charge of particles
 Wind and rain
« Coagulant dose and type
« Basin hydraulics



Sludge removal

Water coming from Water goes to
flocculation basin. filter.

Iﬁs. -N' N /-//'
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@8 Floc (sludge) collected

Sludge to solids in hopper
treatment




OPERATING PROBLEMS

J Poorly Formed Floc
(1 Doesn’t settle properly
[1 Characterized by smaller loosely held particles that
do not settle & are carried out of the settling basin
[1 Can be caused by

* Improper mixing

« dosage

« type of coagulant

e changes in raw water

« Solutions

* Increase mixing energy

« perform jar tests

e use coagulant aid



OPERATING PROBLEMS

) Short Circuiting :
(1 Water bypasses normal flow and reaches outlet
without proper amount of DT
[J Can be caused by
« poor inlet baffling (main cause)
* wind driven currents
« density currents

« when the influent contains more suspended solids
than the water in the basin

« when the influent i1s colder than the water in the basin



OPERATING PROBLEMS

] Algae and Slime Growth

(] Outdoor, uncovered basins

] Causes taste and odors

[J Can detach and clog filters or weirs

(1 Can create slick, hazardous surfaces

1 Solutions

[J can be controlled with a mixture of copper
sulfate and lime or other chemicals

[J drain basin and apply mixture to

problem areas with a brush
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Filtration
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PURPOSE OF FILTRATION

1 Removal of particulate impurities and floc
» Aesthetics — minor reason
« Rremoves microorganisms - main reason
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Influent

:

24" to 36"

Effluent

Underdrain Sy stem
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Biosand filter
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=~ Fapid sand filtration




PURPOSE OF FILTRATION

] Sedimentation on media (very important) :

[ Adsorption
(1 stick to surface, adhere
[J Absorption
] penetration of substance into structure of another
substance, like a sponge
[J Straining



PROCESS DESCRIPTION

Mechanical Straining Adsorption
Raw Water Raw Water
Large particles become lodged and Particles stick to the media and
cannot continue downward through cannot continue downward through
the media. the media.




BACKWASHING




BACKWASHING

Solids trapped by adsorption and straining :

« Solids clog openings through the filter
 turbidity can occur
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BACKWASHING

Expanded
Media

Unexpanded

Media

Gravel Bed

Backwash
Influent




BACKWASHING




Abnormal Conditions

Mudball in media




Abnormal Conditions

Media cracked or shrinkage




Abnormal Conditions

Media boils during backwashing
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Disinfection




Disinfection or
Sterilization !!




Disinfection

[ Disinfection — the
destruction of pathogenic organisms
« To prevent waterborne disease
outbreaks
« Destroys only disease-causing
organisms




Sterilization

[] Sterilization :

« the destruction of all organisms
In the water

* Not all microorganisms are bad!




Chlorine

Chlorine may be found in three forms

‘ Powder I

Gas




How to express the strength of chlorine

*Chlorine gas typically contains pure chlorine

*Chlorine powder and liquid do not contain pure chlorine
- are mixed with other substances (e.g., calcium, sodium or water)

*The strength of chlorine in chlorine powder or chlorine liquid is referred to:
« as the Concentration of chlorine in that substances.
(percentage (%) of active chlorine present)



Chlorine (Gas)

Chlorine Gas (Cl2):

Greenish-yellow color
2.5 times as dense as air
Pungent, noxious odor

Highly irritating to eyes,nasal passages,
and respiratory tract

Strength: Approx. 100 % active chlorine
Stability: Most stable




Chlorine (Liquid)

Hypochlorite (Liquid)

[ Sodiuim hypochlorite (NaOCI)
] Bleach
] Clear, light-yellow color
[J Costs 3 times as much as chlorine gas
[J Shelf life of 60-90 days
« [5.25% chlorine : Clorox
 [112.5% chlorine : Pool bleach

SODIUM
HYPOCHLORITE

14/15%

HEXEAL CHEMICALS




Chlorine (Solid)

Hypochlorite (Solid) : Calcium Hypochlorite
| GranuLar 70ﬁ)

« Calcium hypochlorite [Ca(OCl)2]
« Solid, granular or tablet

« White or yellow-white in color

« Most dangerous — fire hazard Granular 65%
* 65% pure — High Test Hypochlorite (HTH)

« Strength: Typically 30 to 70 % active chlorine
«Stability: May lose strength over time;




Preparing chlorine liquid from chlorine powder

Fill Top Cylinder
with Water Add Powder

Open Tap

Mix Liquid drains into bottom tank
' Solids remain in top tank




Powder & liquid chlorine may lose strength
over time

Chlorine liguid solutions are generally less stable than chlorine powder (i.e.,
lose strength more quickly)

Type of chlorine Loss of initial active chlorine

(approx. % active chlorine concentration) concentration (%) 2.3

Chlorine powder Bleaching powder (35 %) 5 to 18 % after 40 days
High test hypochlorite (70 %)

Chlorine liquid Sodium hypochlorite (15 %) 50 % after 100 days
Sodium hypochlorite (10 %) 50 % after 220 days
Sodium hypochlorite (5 %) 50 % after 790 days




How to calculate the required amount of
chlorine powder

Weight of chlorine powder (mg/L) =

1 000 x Volume of chlorine liquid required (L) x Desired chlorine liquid concentration (%)
Active chlorine concentration in the chlorine powder (%)

Example:

—> Require 500 L of chlorine liquid solution
—> Require chlorine liquid concentration to be 2 % active chlorine

—> Using bleaching powder ( =  active chlorine), then using Eq. 4:

1000x500Lx2%

20
29 70

Weight of chlorine powder (mg/L)

28 571 g (or 28.6 kg) per 500 L of water



Chlorine dose rate

‘Chlorine dose rate’ means how much chlorine liquid solution you are adding to the water
over time .

May be measured in various ways
= mL per second
= mL per minute
= L per hour




How to calculate the chlorine dose rate

Chlorine Dose Rate (mL/h) = Required chlorine dose (mg/L) x Treated water flow rate (m3/h)

Chlorine liquid concentration (%) = 100

Example:

—> Require 2 mg/L chlorine dose (see Eq. 3)
—> Flow rate at the water treatment plant is 100 cubic meters per hour (100 m3/h)

—> Chlorine liquid concentrationis =

Chlorine Dose Rate (mL/h) = 3 mg/L x 100 m3/h
- +100

15 000 mL/h (or 250 mL/min)



How to calculate the actual chlorine dose

Actual Chlorine Dose (mg/L) =

[Chlorine dose rate (mL/h) x Chlorine liquid concentration (%)] = 100
Flow rate (m3/h)

Example:

—> Chlorine dose rate is 6 000 mL/h
—> Chlorine liquid concentration is 2 % (see Eq. 4)

—> Flow rate at the water treatment plant is |00 cubic meters per hour (200 m7/h)

Actual Chlorine Dose (mg/L) = (6 000 ML/hx2%)+100
100 m3/h

= 1.2 mg/L



Relative effectiveness of chlorine

BACTERIA VIRUSES PROTOZOA

P -
,,,

EFFECTIVENESS OF CHLORINE EFFECTIVE




Chlorine dose

*Usually expressed as milligrams per litre (mg/L).

for example,
« if drinking water has a chlorine concentration of 1 mg/L,
 this means that there is 1 milligram of chlorine present in 1 litre of water



Chlorine chemical reactions

Cl

2
(chlorine gas)

NaOCIl +
(sodium hypochlorite)

CaOCl +
(calcium hypochlorite)

H O

(water)

H O

(water)

H.,O

(water)

<

<>
\{hypu-chlﬂruus acidy{:alcium hydroxide)

(hypochlorous acid)

«—» HOCI
(hypochlorous acid)

2HOCI

HOCI O

=+

-

4

HCI
(hydrchloric acid)

Na(OH)
(sodium hydroxide)

Ca(OH)



Chlorine chemical reactions

Under normal water conditions, hypochlorous acid will also chemically react and
break down into a hypochlorite ion (OCI"):

HOCI > H- + OCI-
(hypochlorous acid) (hydrogen) (hypochlorite ion)

The hypochlorite ion is a much weaker than hypochlorous acid, about 100
times less effective.



Hypochlorous acid (HOCI ) VS hypochlorite ion (OCI-)

Percentage of free chlorine species

Best disin.ion pHG6-7

100

O
o

oo
o

o ~
o O

0:50 equilibrium at
pH 7.5

——HOCI |
—OCI-

a1
o

N
o

N W
o O

[T
o .

CO

o 15 T = 4 0

Acidic PrH
HOCI Hypochlorous acid




Understanding
Chlorination Process



Understanding Chlorination Process

Inorganic

Organic




Understanding Chlorination Process

Chlorinz

+

Inorganic |

Chloring |

Organic

Chlorine Dosage ( total added )
1. Chlorine Demand (Inorganic)

2. Combined Residual Chlorine (Organic)




The “"Breakpoint”



The "Breakpoint”

Residual Concentration

Zone |

Chlorine is
reduced to
chlorides by
easily oxidizable
stuff (H,S, Fe?*,
etc.)

morganlc

Oxidation of
Chlorine

I
|
Zone |l | Zone |l

Zone IV
ICI consumed by : Chloramines I At this point,THM
. reactlon with | broken down & . formation can
| organic matter. If | converted to , occur
| NH; Is present, ' nitrogen gas which !
1 chloramine | leaves the system

! formation begins. | (Breakpoint).

Chloramines

organic

Destruction

of
| Chloramines :
Formation : :
of Breakpoint :
|

|
Chloramines |
|

Free Chlorine

Chlorine Dosage



The “Chloramines”



The “chloramines’

Increasing residual chlonne

NH, + HOCl — NH,Cl+ H,O (4 <pH <6)
NH2C| (mono) + HOC' —> NHCI2 + HZO (4 < pH < 6)
NHCl2 @ + HOC|l — NC|3 + HZO (pH < 3)

-
Increasing chlornine dosage



Chlorine Terms



Chlorine Terms Jgisll clalhiaa

ISl Hels]l ac >

Chlorine Dosage

pio 5olS o )olS

Chlorine Demand Residl_JaI
Chlorine

Combined Residual )= SN0 )9-15_
Chlorine Free Residual Chlorine




.
Relationship between :

chlorine demand & chlorine dose

I DIRTY WATER I

CLEAN WATER |

High concentration of organic & l Low concentration of organic &
inorganic material inorganic material

3

$
L

T T
High chlorine demand Low chlorine demand
(i.e. high chlorine consumption) l (i.e. low chlorine consumption)




Factors to
success of chlorination




Factors to success of chlorination

[J Chlorine concentration (C)
JContact time (T)

[JWater temperature

JWater pH

[JForeign substances in water




Ct concept for disinfection

“Kill” is proportional to Cx T

[Destruction of organisms depends on the
concentration of chlorine added (C)

and
the contact time with the organisms (T)

[JIf one Is decreased, the other must be increased



Factors influencing the Ct value




Influence of chlorine concentration

Low RESIDUAL
(<0.4 mgl/L) CHLORINE




Influence of water temperature

WATER
TEMPERATURE




Influence of pH

pH Scale
= ACIDIC NEUTRAL ALKALI
e [ 1 | \
: \] e
Optimum pH for
drinking-water

* For effective chlorination, the pH of the water should be < pH 8.0

* Where water is >pH 8.0,
higher chlorine concentrations or More contact time will be required!




Free Chlorine Distribution with pH

Best disinf@@ion pH 6 - 7

100
90
80

70
60
50

0:50 equilibrium at
pH 7.5

—HOCI |
—OCI-

30
20
10

Percentage of free chlorine species

CO




Influence of Turbidity

TURBIDITY

H Low
[ T

igh
" T
\ - 7




Influence of microorganisms

BACTERIA

l ES S

contact time
or lower
needed

MOST EFFECTIVE




Minimum required
contact time for effective disinfection

For effective disinfection, the WHO recommends

at least 30 minutes contact time,

where the residual chlorine concentration is
20.5 mg/L and the pH of the water is <pH 8.




Calculate
the Ct value



How to calculate the Ct value

1. calculate the detention time for a storage
2. calculate the Ct value




How to calculate the detention time for a storage

Detention time (min) = Storage volume (m?3) +  Flow (m3/min)

Tank volume = 200 m?

Flow = 5 m3/min

Detention time =




Optimizing the chlorine dose

Toolow  RESIDUAL CHLORINE  Too
(<0.2mglL) CONCENTRATION  (e.g.>

8
Risk of microbial Aesthetically
contamination unacceptable




Optimizing the chlorine dose

D o
CONCENTRATION:

—— Tmm &- Intermediate
Plant Storage Tank
CHLORINATION CHLORINE
0.9 mg/fL

SOURCE WATER CONCENTRATIOM:




Application Points










Application Points

Chlorine may be added:

1. Pre -chlorination (before water treatment plant)
2. Post-chlorination (after water treatment process)
3. Secondary chlorination (during distribution)

4. Groundwater systems

1. Pre-chlorination 2. Primary
chlorination
Water Treatment
e Blant

3. Secondary
chlorination

Distribution
Network




Application Points

Pre-chlorination (source water chlorination)
[1Begins process of killing or inactivating pathogens
[JMinimizes biological growth throughout process
JOxidizes minerals, gases, organics, etc.

] Increases contact time

[JMay improve coagulation

[J High potential for DBP production



Application Points

Post-chlorination (terminal disinfection)
JApplication of chlorine to treated water
JRequired to meet state and federal
requirements for residual

JJApplied at or immmediately before clearwell

JClearwell must minimize short circuiting to
meet C x T values



Application Points

Distribution system (Secondary chlorination )
[JSome systems may require booster chlorination
[JAdded at storage tank discharge

[J Additional application points

] Feeding 2 or more types of disinfectants at different
points may help meet requirements

[JOxidants other than chlorine can be used early in
treatment process to reduce DBPs



Application Points

Groundwater systems

[JOften require no treatment other than chlorination
[JApply chlorine just past wellhead




trihalomethanes ( THMsS )

Organic material + CI2 = trihalomethanes (THMS) :

1 Organics found in all surface and groundwaters

1 Humic and fulvic acids from decomposing plant material
] THMs are potential carcinogens

1 Current MCL for total THM = 0.08 mg/L



Control Tests

Chlorine residual

) Presence of residual

] Free or combined

[J Concentration

(1 By amperometric titration (most accurate, not affected by color or
turbidity) or DPD method

] Bacteriological test

[J Indicates fecal contamination
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Water Storage
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Water Storage

Purpose
[ Equalizing supply and demand
1 Increasing operating convenience

1 Leveling out pumping requirements
(1 Decreasing power costs




any
questions...
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Thank you




e
keep in touch:

Linked in https://www.linkedin.com/in/drHassan

Elhassan A. Abdel-Sadek 212 : .
Quality Control Auditor at Holding Companyfor Llnkedln .
Water and Wastewater, Reference lab for

Drinking Water, .

Egypt | Environmental Services

https://www.linkedin.com/in/drHassan

Holding Company for Water and Wastewater,
Reference |ab for Drinking Water, Holding Company
for Water and Wastewater, Reference lab for Drinking
Water, .,

Greater Cairo Water Company (GCWC), As-Salam Face bOO k: EI h assan Elsade k
International Hospital, PC-Orbit

Al-Azhar University

, 1 person has recommended Elhassan FacebOOk Page: éébd\ . ” _ o\,,\.d\ ‘1,\%,933,-,&\3,)5,-,\-4

Personal Website
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