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Water sources

THE HUMAN RIGHT TO WATER AND SANITATION (HRWS) WAS RECOGNISED AS A HUMAN RIGHT by the UNITED NATIONS
GENERAL ASSEMBLY on 28 July 2010.

WATER: RENEWABLE RESOURCE, BUT NOT INCREASABLE AND NOT REPLACEABLE

AVAILABILITY AND DISTRIBUTION OF WATER RESOURCE
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Presenter
Presentation Notes
Water is life.
All forms of life require water to survive.
As humans, we need safe drinking water,
A type of water that is edible with no risks to our health.
We need drinking water for domestic use, which includes drinking, food preparation and hygiene.
The human body needs a few liters of water daily.
How much it needs depends on gender, weight and physical activity.
We can survive much longer without food than we can without water.
We also need water for agriculture and all kinds of industries.
Agriculture consumes the biggest part of water worldwide,
As over 70% of all water is needed to grow cereals, nuts, vegetables and fruits and sustain meat production.
Water in the agricultural sector comes from wells, rain, rivers or reused wastewater.
Industry also requires water in its process chain to function in almost all types of industries like
electronics, mining and pharmaceuticals.
It's mainly drinking water for some types of industries, like food industry.
The drinking water for domestic use originates from surface waters such as rivers, reservoirs, lakes,
dams and groundwater.
But usually it is not drinkable and requires treatment to meet domestic, commercial or industrial uses.
It can contain many undesired and dangerous compounds which are removed during the treatment process.
After its treatment,
The drinking water is then stored in water towers and distributed to homes and businesses.
Water treatment is conducted in large facilities known as water treatment plants.
These facilities are large infrastructures where raw water is transformed into drinkable and safe water.
It's a chemical process called drinking water treatment.
In this course, we will discuss drinking water treatment according to the following plan.
First we will address data about access to safe drinking water around the world.
After that, we will talk about the importance of providing safe water to consumers and the risks of
untreated water.
Then we will discuss water cycles in urban and natural areas.
Next, we will explain how the process of water treatment works.
In the following chapter, we will address the challenges related to ensure access to drinking water around the
world.
And finally, we will see how we can help save water in our homes and act responsibly.
�
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Water sources

e 1-Surface water

 The drinking water for domestic use originates from surface waters such as
rivers, reservoirs, lakes.

* 2-Groundwater

GCE sarl | www.gcesarl.com | +961 3275421 | info@gcesrl.com



Water uses

1.Agricultural
¢ Estimated 69% worldwide used
* To produce food- vegetables, meat and etc

2.Industrial
¢ Estimated 22% worldwide used
¢ Exampled : Hydraulic dams-water used for cooling
¢ Manufacturing plant

3.Household
¢ Estimated 8% worldwide used
* Exampled ! Household activities

4 Recreation
¢ Very small percentage
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How Thirsty is Our Food?

Liters of water required to produce one kilogram
of the following food products”

Bovine meat @ _ 15,415
s & I -
Sheep/goat meat @ _ 8,763
pig meat @) | 5038
Chicken meat QQ - 4,325
eggs () [N 3265
Cereals % . 1,644
milk () [l 1.020
Fruits () [J 062

Vegetables % |322

* Global averages
Source: Water Footprint Network

@®06 statista %
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Water infrastructure components

How we get our drinking water

Water is taken from a river, The water is pumped through The water is treated to The treated water is piped to

spring or groundwater source. pipes to a treatment plant. make it safe to drink. homes and other premises.
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Reservoirs
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Water distribution system

e Water can be distributed by following the

method:

* Gravity

* Pump

* Pump and reservoir

General characteristics of water distribution
system are:

Able to supply clean water sufficiently.
Effective distribution system.

Piping system can supply water continuously
with minimum maintenance.

Materials used in distribution pipe should be
durable and do not give long term side effect
to consumers.

Distribution system should be economical, in
terms of its design, layout and construction.
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Gravity system
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a. Gravitational method ]
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Pump System

[b. Pumping mathnd]
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[ c. Pumping and storing mathod]
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The following chart presents a
breakdown of drinking water access
Globally. It is clear how countries with
higher income have more access to
safely managed water, with
percentages as high as 98%.

While for countries at the lowest
incomes, only less than one third of the
population have safe water.

Share of the population with access to drinking water facilities, 2020

Il Safely managed [l Basic Limited B Unimproved [l No access (surface water only)
High income 98%

North America and Europe 96%

Western Asia and Northern Africa

Upper-middle income

Latin America and the Caribbean 5

=
X
)
3
>

World

Central and Southern Asia

Lower-middle income

Sub-Saharan Africa 0% 35% 6.8%

w
xR
-
&
-
w
R

Low income % 30% 5.9%

0% 20% 40% 60% 80% 100%

Source: WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation OurWorldInData.org/water-access « CC BY
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Risk of unsafe water

Pure and safe water is rarely found in nature.

Both surface and groundwater can be contaminated by both
anthropogenic and natural contamination and thus
compromise its safety.

A water contaminant is defined as any physical, chemical,
biological or radiological substance or matter in water.

Point Source Pollution:

 Contamination discharged through a pipe or other discrete, identifiable
location

* Relatively easy to quantify and evaluate impact
1. Factories and sewage treatment plants

2. Landfills

3. Underground and above-ground storage tanks

Water. 1993. National Geographic Special Edition
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* Nonpoint Sources
* Lawns, gardens,
* Agricultural and forestry practices
* Street refuse
* Construction activities
» Stormwater runoff

GCE sarl | www.gcesarl.com | +961 3275421 | info@gcesrl.com



cOoe

GreenKode Consulting Engineers s.a.rl.

WATER quality-physical Parameters

* Temperature

* Dissolved oxygen (DO)
° pH
* Turbidity
daalll Physical bas gl) PP G Toamall paBY ) il all)
~ Result Parameters Unit Method ek aliowanle liminng)
Temperature o Thermometer 5_J sl
Color TCU Spectro Hach8025 20 Gl
0.45 Turbidity FTU Color meter Hach 10 3 j\Sall

553 Conductivity psicm Electrode 1.500 IR
277 TDS mg/l Electrode 500 Al o eall



Dissolved Oxygen %
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* Atmosphere consists of 21% O,
. FISHGILLS
» Water consists of <a% O, "'“"dhi’:r?“’e\ s
* When water and atmosphere come into intimate contact, O, /lg,_,m
. : ¥y,
tends to diffuse into water Vs,
Efferent art econdary lamellae
« Occurs as water passes over riffles, rapids, and falls and to a lesser ahmongs ) et g
extent in still water ™ ’
* Aquatic plants also pump O, into water

* During daytime when they are undergoing photosynthesis

* Fish depend on DO in water
* O, diffuses from water to blood in gills

* When DO concentrations in water drop below
5 milligrams per liter (mg/L) most fish have
trouble
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FIG. 5.2. pH is a measure of the
amount of hydrogen ions in solution
and is equal to the negative logarithm
of the hydrogen ion concentration.
The term pH is from the French pou-
voir hydrogene, meaning “power of hy-
drogen.” The common pH scale
extends from 0 to 14 and covers the
range of pH of most common solu-
tions. A few extremely acidic solu-
tions, such as concentrated battery
acid, can have a negative pH, and a
few highly caustic (basic) solutions
have pH values of 15 or higher.

pH = power of 10 for the H ion concentration (drop the minus sign)

Pure distilled water has a pH of 7 (neutral)
* 1x107=0.0000001 moles H* per liter

Most rivers and lakes have a pH of 4 to g

Fish have a narrow range that varies by species

* pH outside the range can cause damage to gills, eyes,

skin, etc.
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* Clarity of water

* Measured as light penetration in nephelometric
turbidity units (NTU)

* Also measured with a Secchi disk

* Record the depth at which you can no longer see the banded
colors on the disk

* Or We can use turbidity sensors

FIG. 5.3. A Secchi
disk provides valu-
able data on turbid-
ity. Markings on the
rope indicate depth
to the scientist.

Secchi disk depth comparison from clear (left) to murky (right)
http://earthobservatory.nasa.gov/Study/WaterQuality/water_quality2.html




Water quality-chemical parameters

* Compounds that do not contain carbon
(©)

* Originally defined as compounds that
do not originate in plants or animals

* Metals, minerals, and nutrients?

712
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0.013
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140
46
5
Q.02
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PH

Acidity

Alkalinity

DO

Ammonia

Nitrite

Nitrate

Chloride
TotalHardness
CalciumHardness
MagnesiumHardness
Sulfate

Iron
TotalPhosphate
Orthophosphate
Sodium
Potassium

Zinc

Phenol

Fluoride

Chemical Parameters

mgl as CaCO,
mgl as CaCO,
m g/l

mgT as NH;-N
mal as NO3
mgl as NO3

mgT as CI

cmaT as CalOy

mgT as Cal0,

mgd as CalO,
mgfl as SO,
mgl asFel*
mgl as PO,
mgT as PO,
mg/l as Na+
mg/1 as kt
mg/l

meg/]
mg/l(8-12°C}
mg/1(235-30°C)

Eléctrode
Hach Titration

Hach Titration
Hach Titration

Spectro Hach8038
Spectro Hach8507
Spectro Hach8039
Hach Titration
Hach Titration
Hach Titration
Hach Titration
Spectro Hach8039
Spectro Hach8008
Spectro Hach
Spectro Hach8008
Flame photometer

Flame photometer
Hach Titration
Hach Titration
Hach Titration
Hach Titration
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Water quality-chemical parameters -Metals

e Lead

* Used in electrical conductors, pipes
(soldering), paints, and a by-product of
mining

* Lead poisoning causes toxic reactions,
brain damage, death

* Especially harmful to brain development
in children

e Arsenic

* Found naturally in some rocks, in
banned pesticides, wood preservatives,
and as an industrial by-product

* Causes neurological damage and
cancers

* Drinking water standard used to be < 5o
ppb
* Starting Jan 2006 it is < 10 ppb

cOoe

Sources of LEAD

IN Drin

Copper Pipe with

Lead Solder: Solder made
or installed before 1986
contained high lead levels.

Lead Service Line: The service
line is the pipe that runs from
the water main to the home’s
internal plumbing. Lead service

lines can be a major source of
lead contamination in water.

king Water

AR
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Faucets: Fixtures
inside your home
may contain lead

Galvanized Pipe:

Lead particles can
attach to the surface of
galvanized pipes. Over
time, the particles can
enter your drinking
water, causing
elevated lead levels

Lead Goose Necks:
Goose necks and
pigtails are shorter
pipes that connect
the lead service
line to the main
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Water quality-chemical parameters-Minerals ==

* All surface and groundwaters contain minerals
* At high concentrations they can cause adverse effects

* Minerals that are often present in mineral water
include:

e calcium.

* magnesium.
 potassium.
e sodium.
 bicarbonate.
* jron.

Essential Minerals Found in Drinking Water and their Benefit

| (Copper) e—m___ﬂt_ i
* zinc. e = .

Flourldé
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Water quality-chemical parameters-Nutrients ===

* Nutrient pollution affects water around Pontsourse cortariatn car Air pallution spreads across the landscape
; ; traced to specific points o di looked i i
the world. The impacts of nutrient ot rrvorv
pollution are found in all types of water ralment an and atres o pesfieces can be transported far fom theit
bodies. Pollutants often enter upstream o COERE e plabiadsads %O
waters like streams and then flow into v e Y (N
larger water bodies like lakes, rivers, and CUNOFF j WATER S8 D
bays. Excess nitrogen and phosphorus \ rape AN
can also travel thousands of miles to v ‘l..- RUNOFE B £l ol and sediment
coastal areas where the effects of the F= -&-ﬁr can transport consideratle
! . . r‘ - ## amounis of some nutrients,
pollution are felt in the form of massive Bch 88 Brganic nitrogen and

phosphorus, and some

dead Zones. l "“‘ / l pesticides, such as DDT,
. . . . . to rivers and streams.
* Major minerals important in animal and cEEPAGE S
pIa nt nutrition: DISCHARGE

. . . TO STREAMS
* Nitrogen, phosphorus, potassium, calcium

* At high concentrations in streams and
lakes they can cause problems
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Water quality-Biological parameters
Child deaths from diarrheal diseases by cause

i TOO COSt|y and dangeI’OUS tO tESt Altributable number of deaths for each pathogen in children under 5 in 2016.
water for individual pathogens Il Rotavirus TR
. . » 128,515 attributable child deaths Ad en OV| rus
* Instead, we test for indicator SMlll 27 o darrhoa cases 52513 trttatlo i cat
" =3 o
organisms =
* Harmless but indicate fecal origin g
« Common indicator organism oot
* Total coliform bacteria — seldom used today ol
] ] o2 Campylobacter g‘;%xgﬁg'da'
* Fecal coliform bacteria — most common 5 Shigel
t O d a y - ; 63,7 13|zmgnt?msb/i/w//d deaths

The Rotavirus alone is responsible for 27% of diarrhea cases
and more than 128,000 attributable child death

GCE sarl | www.gcesarl.com | +961 3275421 | info@gcesrl.com
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Water quallty Blologlcal parameters

v--.“. P

Common sources : feces from infected people that gets into the water from sewage overflows,
sewage systems that are not working properly, or polluted storm water runoff

Illness: Common symptoms include severe watery diarrhea, vomiting, fever, or abdominal pain.

Removing it from drinking water: Boil your water for I'minute or disinfect it using chemicals.
Rotavirus is too small to be removed by home or camping water filters.

GCE sarl | www.gcesarl.com | +961 3275421 | info@gcesrl.com
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Water quality-Biological parameters

Common sources: feces from infected people that gets into the water from sewage overflows,
sewage systems that are not working properly, or polluted storm water runoff

Illness: Common symptoms include diarrhea (that can be bloody), fever, stomach pain, or feeling the
need to defecate even when bowels are empty.

Removing it from drinking water: Boil your water for 1 minute or disinfect it using chemicals.
Specially designed filters and other water treatment technologies might also be effective.

GCE sarl | www.gcesarl.com | +961 3275421 | info@gcesrl.com
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Water quality-Biological parameters

E. coli 0157 :

.

Common sources: Cattle farms, where E. coli 0157 can live in the intestines of healthy cattle; less
commonly, feces from an infected person or animal that gets into the water through sewage
overflows, sewage systems that are not working properly, polluted storm water runoff, or
agricultural runoff

Illness: Common symptoms include severe stomach cramps, diarrhea (often bloody), and vomiting.

Removing it from drinking water: Boil your water for 1 minute or disinfect it using chemicals.
Specially designed filters and other water treatment technologies might also be effective.

3 ’-_:i-'h
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Water treatment process-step 1

How we clean our water to make it safe to drink

1 2 3 4 5 6 7
Water is taken It is passed Chemicals may be The flocs settle out The water is The pH of the The water is
from ariver, through a added to the water to  of the water and disinfected using UV water may be stored, ready
spring or screen to make smaller particles water is filtered light and/or by adding adjusted and to be piped to
groundwater remove bind together to form  through sand and chlorine to kill any fluoride is homes and
source large items larger particles called  gravel to remove any  bugs which might added other premises

flocs remaining particles cause illness




Water treatment process-step 2
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Water is taken
from ariver,
spring or
groundwater
source

How we clean our water to make it safe to drink
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Calas sale n
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2

It is passed
through a
screen to
remove
large items

3

Chemicals may be
added to the water to
make smaller particles
bind together to form
larger particles called
flocs
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The flocs settle out The water is The pH of the The water is

of the water and
water is filtered
through sand and
gravel to remove any
remaining particles

disinfected using UV
light and/or by adding
chlorine to kill any
bugs which might
cause iliness

water may be
adjusted and
fluoride is
added

stored, ready
to be piped to
homes and
other premises
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Water treatment process-step 3

How we clean our water to make it safe to drink
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1 2 3 4 5 6 7

Water is taken It is passed Chemicals may be The flocs settle out The water is The pH of the The water is
from ariver, through a added to the water to of the water and disinfected using UV water may be stored, ready
spring or screen to make smaller particles water is filtered light and/or by adding  adjusted and to be piped to
groundwater remove bind together to form through sand and chlorine to kill any fluoride is homes and
source large items larger particles called  gravel to remove any  bugs which might added other premises

flocs

remaining particles

cause illness
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coagulant floculant Coagulation Clarification
Source Raw Water Effluent Effluent
- el it Bl il \
: ( i
| |
\ g — o = o (o o

- e | |
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. P — =

Coagulation Flocculation Clarification

COAGULATION-FLOCCULATION-CLARIFICATION PROCESS



Water treatment process-step 3

Particles settling and forming
sludge at tank bottom

| Clarification tank
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Water treatment process-step 4

How we clean our water to make it safe to drink

f R o
| a[azspol38 83 88
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1 2 3 4 - 6 7
Water is taken It is passed Chemicals may be The flocs settle out The water is The pH of the The water is
from ariver, through a added to the water to of the water and disinfected using UV water may be stored, ready
spring or screen to make smaller particles water is filtered light and/or by adding adjusted and to be piped to
groundwater remove bind together to form  through sand and chlorine to kill any fluoride is homes and
source large items larger particles called gravel to remove any  bugs which might added other premises

flocs remaining particles cause iliness
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Water treatment process-step 4

1 (1!
 During filtration, the clarified Il |‘ |
water passes through filters that N

have different pore sizes and |

are made of different materials oy |_

such as sand, gravel and e e e POROUS
» - CLOTH

charcoal.

* These filters remove the salt W [y e
particles and germs such as dust, I cLAYLIKE RSOy
chemicals, parasites, bacteria and 610 7 e SO e
viruses. i i A
- Activated carbon filters also Yy ol teighed o T T
: g A N AL N o
remove any bad odors Whin J"ioﬁ- PPN — PEBBLES

STICKS/ A 6 l x | OLES

OVER 3 N . M_ﬁ{ bt
PAN Y= FLTERED WATER — - —




Water treatment process-step 4

« Water treatment plants
can also use a process
called ultrafiltration in
addition to or instead of
traditional

 During ultrafiltration,
the water goes through a
filter membrane with very
small pores.

 This filter only lets
through water and other
small molecules.

* Reverse osmosis is
another filtration method
that removes additional
particles from water.
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WATER TREATMENT PROCESS-STEP g

How we clean our water to make it safe to drink

1

Water is taken
from ariver,
spring or
groundwater
source

.
™
3
; Sity
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It is passed Chemicals may be
through a added to the water to
screen to make smaller particles
remove bind together to form
large items larger particles called

flocs

-
.
.
L
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4

The flocs settle out

of the water and
water is filtered

through sand and

gravel to remove any

remaining particles

5

The water is
disinfected using UV
light and/or by adding
chlorine to kill any
bugs which might
cause iliness

6

The pH of the
water may be
adjusted and
fluoride is
added

7

The water is
stored, ready
to be piped to
homes and
other premises
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WATER TREATMENT PROCESS-STEP g

In addition to or instead of adding
chlorine, can also disinfect water using
ultraviolet light or ozone. Bacteria
UV light and ozone work well to

disinfect water in the treatment plant.
But these disinfection methods do not
continue killing germs as water travels
through the pipes between

treatment plants and our tap.

Microbes

Chlorine

Chlorinated
Water

Virus
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WATER TREATMENT PROCESS-STEP 6

« Water can have extensively fluctuating pH
values, depending on the geology of the water
aquifer or basin, and they have an impact on
the contaminant’s involvement.

» Drinking water needs to have a reasonable
pH around seven and eight for the safety of = = o 15 s
the consumer and for the protection of ol E ] [
pipelines and equipment's. _

How we clean our water to make it safe to drink

XL
©

1 2 3 4 S 6 1/
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WATER TREATMENT PROCESS-STEP g

How we clean our water to make it safe to drink
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Water is taken
from ariver,
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through a added to the water to
screen to make smaller particles
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The flocs settle out
of the water and
water is filtered
through sand and
gravel to remove any
remaining particles

5

The water is
disinfected using UV
light and/or by adding
chlorine to kill any
bugs which might
cause illness

6

The pH of the
water may be
adjusted and
fluoride is
added

7

The water is
stored, ready
to be piped to
homes and
other premises



Water Treatment process
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Excludcs fish and removes. lcaves, sticks and other
large debris.

Breaks down colloidal stability. Adjusts pH for optimum
coagulation.

Mixes chemicals with raw water, containing fine particles that
will not readily settle or filter out of the water

Gathers together fine, light particles 1o form larger clumps (floc)
10 aid the sedimentation flotation and filtration processes.

Sodimentation settles out large suspended particles.
Flotation floats out the particles with dissolved air.

Rapid gravity filtration filters or removes

remaining suspended particles.
Slow sand filration ako involves biological
action.

Kills / inactivates discase-causing organisms. Provides chlorine

residual for distribution system, where chlonne is used.

Helps control corrosive properties of water.

Helps control dental canies i children and young adults.

Stores water prior to discharge 1o service rescrvoirs.

FIGURE 1: TYPICAL WATER TREATMENT PROCESSES
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Water challenges-water stress
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 Providing safe drinking water is becoming a challenging task year after year because of

many factors.
1. The first challenge is water stress.

Freshwater withdrawals as a share of internal resources, 2017
Annual freshwater withdrawals refer to total water withdrawals from agriculture, industry and municipal/domestic
uses. Withdrawals can exceed 100% of total renewable resources where extraction from nonrenewable aquifers or
desalination plants is considerable.

.

Low stress Medium-to-high stress Extremely high stress
No data Low-to-medium stress High stress
Source: UN Food and Agriculture Organization (FAO) OurWorldInData org/water-access-resources-sanitation/ « CC BY

« Water stress categories are based on

the percentage of withdrawals to
renewable resources as follows :

= <]10% = low stress

= 10-20% = low-to-medium
stress

= 20-40% = medium-to-high
stress

= 40-80% = high stress

= >80% = extremely high stress

« Water scarcity is more extreme than
water stress, and occurs when water
demand exceeds internal water
resources.

We can see how much water is needed to supply humanity with food.
Producing one kilogram of bovine meat requires more than 15,000 litres of water, and producing one kilogram of nuts requires more than 9000

litres of water.

We can see that meat consumes a lot of water compared to cereals, vegetables and fruits.
We certainly need a more sustainable farming and to rethink our meat consumption lifestyles.

Liters of water required to produce one kilogram
of the following food products”

I How Thirsty is Our Food?

Bovine meat @3 _ 15,415
s & N -
Sheep/goat meat @ _ 8,763
pig meat @) | 522
Chicken meat QD - 4,325
eggs O [ 3255
Cereals % . 1,644
mitk () [ 1.020
Fruits () [l 062

Vegetables Q |322

* Global averages
Source: Water Footprint Network

@®0G statista %
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Water challenges-Pollution and water quality ="

« Providing safe drinking water is becoming a challenging task year after year because of many factors.
2-Another threat to water security is pollution.

How We Eat, Drink and Breathe Microplastics
Average number of microplastic particles found per gram/liter/m? of selected consumables

Bottled
water™**

(/"

94.37

ae [ o= 4
Tap water* . 4.24 ==l 5=

Seafood™*** 1.48 . . ; ;
I Estimated annual microplastic particles consumed

per person (including via inhalation)

Between 74,000 and 121,000

salt™* | 0.11 Note from source: "These estimates are subject to
: large amounts of variation" and are
"likely underestimates

Sugar” I 0.44

Honey™|0.10

Based on 1 study

Based on 2 studies
*  Based on 3 studies
** Based on 4 studies

@ @ @ “““ Based on 14 studies
Source: 'Human Consumption of Microplastics', Cox et al. .
@statistacharts  in Environmental Science & Technology (2019) statlsta 5

WATER QUALITY

Source: United Nations Development Report 2013

mmsp  CONSEDUENCES ON ECOSYSTEMS AND HUMAN HEALTH
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 Providing safe drinking water is becoming a challenging task year after year because of many factors.

3-Another challenge of drinking water is water loss in piping and leaks.

Some Cities Suffer Enormous Water Losses Every Year

% share of water loss in selected cities in 2012

Montreal 1 [, -
rRome LN [, -
edinburgh & [ INEG—_—TT -
stockhoim Sum [N - : =
Hong kong X [N - My

New York 25 | EEEIIE 7% “
A A
Cologne I 7% ol 4

Amsterdam = [ 4%

@statistaCharts Source: OECD m



Water challenges-High Cost

Generally speaking, the cost of water
becomes higher the more the country is poor
and vice versa.

The cost gets cheaper if the country is rich.
The percentage of cost, for 50 liters of
drinking water of the typical daily salary varies
between countries.

While it is only about 0.1% in the UK, it is much
higher in many countries like India and Papua
New Guinea.

It can even be higher than the daily salary like
in Cambodia.
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The State of the World’'s Water in 2016

Safe water is a scarce commodity worldwide

$2.48 $2.61

$0.64 $0.71 $0.7
$0.10 $0.11 $0.13 $0.13 $0.14 l . .
Costfor50L mmm mmm N DB BB

% of typical

low-income . . ‘
worker's . @] o ‘ . . .

daily salary 0.1% 9% 4% 13% 15% 13% 25% 45% 108% 54%

K . 8 ™
‘ & SN P
source ¢ W W [

official water water street water street tanker tanker water water
vendor delivery

endor  vendor  vend truck truck
( i) ce
% population
living without
access to

safewater 0% 17.7% 34.6% 489% 42.7% 25.0% 450% 17.0% 24.5% 60%

¢ OOl b by e

piped vendor vendor ve

& £ 2 g S &
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& @ & e g e
> & 2 3 & ?
Qb \)\" o\r \‘\’b C eq,
S Q & P
)



cOoe

Wate r C h a | | e n g e - C | I m ate C h a n g e GreenKode Consulting Engineers s.a.r.l.

RISING SEA LEVELS

¢ MELTING
GLACIERS

'y

< [ T T T T T
2 3 4 &6 & 7 8 8 10

Source: PNAS Early Edition sea level (m)
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GEOGRAPHICAL AREAS MOST AFFECTED

SOME GEOGRAPHICAL AREAS WILL BE MORE EXPOSED THAN OTHERS T0 THE CONSEQUENCES OF CLIMATE CHANGE
w STRONGEST IMPACTS WILL FALL ON THE POOREST COUNTRIES AND ON THE MOST VULNERABLE POPULATIONS

HIGH LEVEL OF DEPENDENCY
FROM NATURAL RESOURCES

:

Prayist al Chimode impach mmmmmmmnm
1ES OF PEO co I

Source! Center for Global Development

GCE sarl | www.gcesarl.com | +961 3275421 | info@gcesrl.com
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