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i Water in art & culture

' Wi Water in Science & technology
i Waterasa magic molecule
u Water use
.
.
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Water resources

Water scarcity
i Unusual Water sourcing technologies



miweor . NMASAr

Technology INSTITUTE

Membrane Technoloé_y'.

o Water treatment: FO, RO and MD desalination

o Wastewater treatment: MBRs, SMEBR

o Membrane fabrication (RO, FO and MD).

Electrokinetics.

o Electrochemical bacterial stimulation and/or disinfection-
Inactivation

o Solid waste treatment (removal of toxic heavy metals)
A sludge to fertiliser

Photocatalysis and solar cell

0 Porphyrin T POM hybrid films

o Porphyrin based organic solar cell.

Nanotechnology

o Catalytic nanotubes on (Steel, Iron, Titanium surfaces)

o Graphene from petroleum waste
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Treated Groundwater
wastewater 11 60%

4%

Treated wastewater

/ 9.70%

% Sourcing of non-potable water

from desalinated and groundwater

Groundwater
79%

Desalination
78.70%%

Sources of water consumed

Sources of water consumed in UAE in Abu Dhabi

Source: Environmental Agency Abu Dhabi,

2014 SourceWaterWorld 2014



Water in believes and superstitions.

o Quraanannounces
"We have created every living thing from | 4 S NX

Godis called'the fountain of living watersi( JudaeeChristianculture)

Roman Catholic. "Holy water", specially blessed by the priest,
was provided at the doors of churches for the worshippers to
sprinkle on themselves before entering.
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C Myth and mystery:

A AssyroBabylonianmythology, first the gods and subsequently all beings
arose from the fusion of salt water (Tiamat) and sweet wat&gsu).

A Aphrodite - the ancient Greek goddess of love, was born of the sea
A India, the sacred River Ganges embodies for Hindus the watdifef

A cosmogonyof Mesopotamian peoples, the abyss of water was regarded as a
symbol of the unfathomable, impersonal Wisdom

14/03/2016 7



Ancient history

Ancient Egypt the name for water

was Ual, which also means the
colour green. In early mystical lore,
water and green were considered
synonymous because water was
believed to typify the earliest form of
soul or generative essence.

PPy

The sign for water was a horizontal
zigzag line; the small sharp crests
appear to represent wavelets or ripples
on the water's surface.

14/03/2016
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Cattle Fording a River
Tomb of Ti, Saggara, c. 2450 BCE
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Ancient history

Leonardo, de Vinci

A i OlMhn with Water St udiocs o0,
1513

Leonardo described water as "the

vehicle of nature" ("vetturale di natura"),

believing water to be the world what

blood is to our bodies Leonardo, c. 1513
Old Man with Water Studies,

A In China, the water of the fountain &pnLai was believed to
confer a"thousand lives on those who drinkjét I O Ot® NR A y 3
Wang Chia, writing in the Chin Dynasty (2&® CE)

14/03/2016
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Zamzamwater

TheMiraculous facts aboutZamZamwater well A
ZamzamWell, except for dewer periods when it 'TheHl(iden
becameburied under sand, has been in use for Messages

around 4000 years. Watel"

ZamZanwater level = 10.6feet below the surface

It is pumpedcontinuouslyfor more than 24 hourswith
a pumping rate of 8,000 liters per second,water level
dropped to almost 44 feet below the surface, BUT [
WHEN THE PUMPING WAS STOPPEDjhe level 48 S8Rt i
immediatelyelevatedagainto 13 feet after 11 minutes

Dr. MasaruEmotofrom university oftokyo

14/03/2016 10



ZamZamstudies and researchentre

480,000 liters per minutes that 480,000 x 6288
Million liters per hour

means that 28,800,000 x 24691.2 Million liters per
day. Sothey pumped690 Millions litersof Zamzam
in 24 hours, but it was rsupplied in 11 minutes only.

Water Quality Monitoring

Zamzamwater is filtered through a seriesof sand
filters and cartridge filters, and then sterilized by
ultraviolet (UV)irradiation at these treatment plants
beforedistributionto consumers

14/03/2016
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Water Music

A Hydraulis or Water Organ

was a musical instrument that produced
sound using pressure generated by falling
water asthe energysource
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A Water Drums: e
Drum beat through water filled drums s T

14/03 /2016 .



Water in Science &echnology.
Magic molecule andsolvent

A Chemically, water is a compound of hydrogen and oxygen, 6_ 6
its molecule consists of two atoms of hydrogen and one . O ]
atom of oxygen H20 H/ \H
A Ninety-severpercent of the water on the planet is in the S+ St

form of salt water. Only 3 percent is fresh, and-two
thirds of that isce.

A Water falls from the sky as rain and issues from the ground in
springs

A Unlike other liquids, water expandsfirezing.

A Water is less dense as ice than as a liquid 3 4

14/03/2016
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structure is one of the importankey featuresof a H:0O:
substance °o
Just asshapeof a key determines its functionwhich H

doors it can and cannabpen.
chemistry which creates water from its elements,

hydrogen and oxygen Hydro-gencration = Water 9 @ @
producing D

Water a Universal solvent dissolved water
Water is one of the best known solvents

Salt dissolved in water
water molecule maintains a bent shape (bent at 107.5

degrees actually

Tetrahedral means "fowsided". The most
stable geometricshapin universe . Such as
Pyramids . 3Eriangle /tetrahederon Most
stable in Universe .

14/03/2016 14
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The importance of the bent structure of water

is that it provides water with two distinct A N
"sides": One side of the water molecule has H H+
two negative lone pairs, while the other side oF )

presents the two hydrogens

Water is also highly polarthe two sides of JO;  Hydrogen g
water have very different charge. 2 ey s 8
S &
e
electronegativity, the electrons in the e “\\
covalent bonds between oxygen and /"o"\/ “Sonds " \/"o"\
hydrogen get pulled slightly toward the H ki H H

oxygen Hydrogen bonding .

Hydrogen bonding in water.

3/7/2016 15



It boils at an extremely high
temperature for its size Why?
Becauseof the extensivenetwork

of Hydrogenbonds
How am | affected by these
temperature - phase

relationships?

If water were "normal”, it
would be a gas at room
temperature. No lakes, no
rain, no body fluids!

Due to Hydrogenbonding high Specific
Heat like the baked potato effect. Once
heated, water takes a very long time to
cool off. Orin reverse,Sowater act asto
keep the thermo state of earth
survivable

3/7/2016

Thecrystal Structureof Ice

Specific Heats of Some
Common Substances

Specific Heat
Substance [cal/(g - “C)]
e

Water (liguid) 1.00

Water (solid) 0O.50
Water (gas) o.a47
Ethyl alcohol O.54
Wood 0. 42

Aluminum O
Glass O.
Iron O.
Copper o
Silver O
Gold (8]

16
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Irreplaceable material in nature:

C Water is colorless in small amounts, but exhibits
a bluish tinge in large quantitis.

C Water is linked with the moon through the
movement of tides and by its moottike flowing,
shapechanging quality

Certain water is called<' NRa aaz2Fié¢ |yR a KSI @geé |

3/7/2016 17
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No car can drive on water, except in Pakistan
So called Water cl Al aga

FrodUctSRotgcombustion

—

My
5
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Water splitting technology or Artificial photosynthesis :

Couldwe use such a catalyst for
convertingWater and Sunlight into Fuel?

California institute of technology
( NASA)

failed once

If uncontrolled energy of the
combustion can explode such as the
NASA Space Shuttle Challenger

disaster occurred on January 28,
1986

ChallengerAccident 1998

14/03/2016 19
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FUGlCThe ultimate endof the energy crisis

2H2 + 02 = 2H20 + ENERGY 572
kJ

This is an example of an exothermic and
combustion reaction.

Ha(g9) + 5 O,(9)

Can we create Hydrogen from Water?
Oh Yes! It's the same chemical
(Energy evolved)

reaction, but run in reverse: -286 kJ
2H20 + ENERGY = 2H2 + O2

(Energy absorbed)
+286 kJ

H,0(/)

Is there a catalystor converting Water and Sunlight intéuel ?

3/7/2016 20
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Catalystof water splitting : | H‘H,c;rc\c/g\ .
- oy 8 o 1 ]
H C=N{ | C\\—N_ __=C_
it's a ruthenium ion) and an attached I H\(:,\/\C—ﬁh//m;,‘//_:m : I
systemof organicrings (in chlorophyll I b 'f -t
?ts a po_rphyrin c!eri\_/ative, in rubippy Hﬂ:{/hic‘}—v* _
its a pyridine derivative). I .~ w  rubippy

Hydrogenfuel cell

If Scientists were able to get
Rubippy to work, or created a
viable alternative, what would
we do about the explosion
potential of using Hydrogen

Porous carbon anode

Porous carbon cathode
containing Ni

containing Ni and NiO

H, (9) — =< 0,(9) I

FueP |

Steam H20 as exhaust gases Oddaton: | Reduction: ’

) b(g) + 4 OH™ (aq) —» 0,(g) + 2H.0()) + 4e~—>
insteadof CQ . I AR+ Ay 4 OH(aq)

Hot KOH
solution

-

14/03/2016 21
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caglecartoons.com

Fossil fuel

Carbon foot prints

3/7/2016 22
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SpeC|aI water types

Saline water :
the contamination ot’salt in water, as expressed in

|__parts per million" i
resh water- Less t an ,000 ppm

Slightly saline water From 1,000 ppm to 3,000 ppm -
Moderately saline water From 3,000 ppm to 10,000 | B i
ppm - e
Highly saline water From 10,000 ppm to 35,000 pp '
oceanwater containsabout 35,000 ppm of salt

Mono Lake in Callfornla

Hard Soft water ; _ _ S
The amount of dissolved calcium and magnesium intater.

classification of waters are: 0 to 60 mg/L (milligrams per liter)
as calcium carbonate is classified as soft; 61 to 120 mg/L as
moderately hard; 121 to 180 mg/L as hard; and more than 180
mg/L as very hard.

Heavy water (deuterium oxide) was discovered by HaroldJiey
Holy water :  All religions linked to holy water

14/03/2016 23



o 3>

water wheels

were in use in ancient Greeceseveralcenturies
BC. The Roman Empire used it for for the
pumping of water from mines In ancient China,
wherethey are knownfrom the first century AD.

usedthroughout Europeduring the Middle Ages,
as a main source of power for driving large
machines (Other sources of power were
windmillsand, animaland humanpower)

Water wheels drove the mills that ground grain
Into flour, andwere alsousedin metal foundries

was also major source of power before the
Industrial Revolution Until steam power made
water power lessnecessary

3/7/2016
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rotating
cams lift and
then drop
the stampers
onto the ore
to crush it

stamping-battery

‘mill race’ with
flowing water

24
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Waterln Suence& technology.

C Water ¢ The Essentiatluid- a medicine

A approximatelyr /&2 2 F | KdzYl.yQa o02Reé& ¢SAITKID

A Approximately 80% of your brain tissue is madevafer.

A The average amount of water you need per day is about 3 liters (13 cups) for
men and 2.2 liters (9 cups) for women

A Being thirsty feelyour body has lost more than 1 percent of its total water
caz tStQa .yz2id FSSf GKANERIDG

A The average person could live without food for nearly a month, but we could
only survive about one weekithout water .
hydrationcan prevent arthritis. With plenty of water in your body, there is
less friction in youjoints.

3/7/2016 25
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What Does Water do for You?
Water Facts
Needed by the brain to

manufacture hormones
and neurotransmitters

. ) ] ] Forms saliva
A H.H. Mitchell, Journal of Biological (digestion)
Chemistry 158, the brain and heart are Keeps mucousal :
membranes moist Regulates body )
composed of 73% water, and the lungs are tergpeﬁ?ur;;s;veame
. . and respiration
about 83% water. The skin contains 64%  alows body's celis
0 grow, repidice Acts as a shock absorber

water, muscles and kidneys are 79%, and it
even the bones are watery: 31%.

for brain and spinal cord

Flushes body waste,

mainly in urine Converts food to

components needed for
survival - digestion

A Dr. JeffreyUtz, Neuroscience, pediatrics,
Babieshave the most, being born at about
78%. By one year of age, that amount drc  water s the major

ent of most

to about 65%. In adult men, about 60% of “™*" % 5
their bodies are water.

Lubricates joints

Helps deliver oxygen
all over the body

26
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Water resources

Salty water, / 1 %0 of the earth'ssurface. Oceansontain 9 7/ %0 by volume, which
IS too salty for drinking, irrigation or industrial use.

Freshwater in the world

Access to renewable water sources (m3 per person, per year in 2013)

< The 3 %6 of cants otal e
water is consideredfresh. e

x water. 2.997 % trapped

in polar ice caps and deep
within earth surface

X The0.003% ofearth's

total available water by

-

volumeis available 500 1000 1700 2500 7500 15000 5000 §
— s | o — ¥ J
Absolute Stress

scarcity  Searcity Vulnerability Source: The UN World Water Development Report

3/7/2016 27
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erresources
availablevs unavailable

If entire worldswater was contained irL0O litersor 26 gallons then readily
availablewater is ONe-half teaspoon

3/7/2016 28
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Unavailable water
2/3 of Earth's surface is covered lmater ; less than 1/3 is taken up

by land.

.Today around 7 billion people on the planet, there are limits of
resources . Surfackinder surface waters are being "squeezed" by

human activities

A Water, water, everywhere,
And all the boards did shrink;
Water, water, everywhere,

Nor any drop to drink
(Coleridge The Rime of the Ancient
Mariner, 1798)

29
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Projected water availability

Global Per Capita Water Availability (2025)

Pakistan = < 500
Extreme scarcity

B [ ) ]

Extreme  Scarcity Stress  Adequate  Abundamt  Surplus No Data
Scarcity 500.1000 1,000-1,700 1,700-4,000 4.000-10000 >10,000
<R 000 ineralparsontyesr

Source: ‘Global Water Intiative’ (June 2005), GEF Intemational Waters Conference, The Coca-Coia Company

3/7/2016 su



Water use

World average total water withdrawat506 m¥inhabitant/year ( 506,000 liters each
person )

USA consumes

03 times more

water a daythan an
averageEU country.

10 timeSmore

water than most
developing countries .

3/7/2016 3
et UN World water development report '



