


Water properties
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What is water? It covers over 70% of 
earth’s surface. In fact 97% of the water is 
maintained in the ocean. The remaining 
3% is fresh water, of which 2/3 is main-
tained in glaciers and ice-caps. So only 
1% of all water on this planet can be used 
by human. 

Conditions of water  
Water can be found in three different condi-
tions: Solid, liquid and gas. This depends on 
temperature and pressure. For p=p0 you can 
separate the following changes of condition: 
condensation/evaporation at 373K; freezing/
melting at 273K. Water maintained in oceans 
are in liquid condition and water in glaciers is 
in solid condition or ‘ice’.

Structure of water  
The molecular formula of water is H2O. You 
can see the structure in the picture above. 
Water also has a density. Apparently the den-
sity of liquid water approaches 1. That means 
that 1 liter of water matches 1 kilogram of wa-
ter. A very specific property of water is the 
fact that the density decreases as the water 
becomes ice. This is the reason why ice is 
able to float on liquid water. 

Capillary action 
One of the properties of water is the capillary 
action that is caused by the cohesion among 
the molecules. Because of the capillary ac-
tion the water can move forward in small 
places like the stem of a plant. 

Polarity 
A water molecule is polar that means that the 
whole is neutral but the end of water mole-
cules there is negative charge on one side 
and a positive charge on the other side. That 
causes a 109° angle between the hydrogen 
atoms. The polarity is responsible for the 
stickiness and cohesion between the mole-
cules.

Surface tension 
surface tension is the elastic tendency of liq-
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uids which makes them acquire the least 
surface area possible. Due to the Vander-
waals force liquid water can become elas-
ticity. For molecules on the surface of a liq-
uid the result from the Vanderwaals force 
points in the liquid direction. The unit for 
surface tension is sigma and you measure 
it in N/m. Several insects like water strid-
ers use the surface tension to float on the 
water.

Ionization 
Pure water in liquid condition has a weak 
tendency to ionize: a small number of mole-
cules splits into ions H+(Protons) and OH-
(Hydroxyl). The ion H+ is extremely reac-
tive and tends to bind immediately with an-
other molecule of water. So it forms ion 
H3O+ (Hydronium). The tendency to ionize 
the molecules of water is balanced by the 
tendency of hydronium ions and the hy-
droxyl groups to associate with each other. 
In other words, while some water mole-
cules are dissociated, an equal number of 
ions associate and establishes a sort of dy-
namic equilibrium. Only a small part of the 
water is ionized (approximately one mole-
cule every 18 million); the most part is pre-
sent in molecular form. In pure water hydro-
nium ions and hydroxyl are present at the 
same concentration, but this may change 
if pure water is added to a substance that 
dissociates. Some solutes can give up 

ions H+  (Protons) while others can free 
OH- ions (Hydroxyl).  So we call “acid” any 
molecule capable of donating a proton; we 
call “bases” any molecule or ion that can 
release hydroxyl ions.

pH 
The degree of acidity is measured through 
the pH, a parameter linked to the concen-
tration in solution of ions H3O+: acidic sub-
stances have pH between 0 and 7; basic 
substances have pH between 7 and 14; 
those pH 7 are called neutral. Neutral solu-
tions are those, such as pure water, in 
which the concentration ion H3O+ is equal 
to the concentration OH- ions . The pH of 
a solution is measured by an instrument 
called a pH meter or using indicators, 
some special substances that are capable 
of changing colour depending on the pH.

The substances, acidic or basic, which dis-
sociate completely in water are said strong 
acids or bases. The strong acids decrease 
the pH value of the solution.  Similarly 
bases which dissociate completely are con-
sidered strong bases. Strong bases in-
crease the pH value of the solution.  Weak 
acids and bases instead are substances 
which, in aqueous solution, do not dissoci-
ate completely. Part of the substance re-
mains in solution non-ionized. 
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The origin of water
2

Earth’s formation 
Water is an essential substance for life on 
our planet and scientists have long ques-
tioned about what its origin it is. Today, 
thanks to the study of meteorites and  the 
hydrogen isotopes which are present in wa-

ter molecules, it is believed that it has ar-
rived on Earth during its formation. The 
birth of the planets takes place simultane-
ously with the birth of the stars. Durintheg 
the star’s formation, there was a disc of 
gas around them, consisting essentially of 
hydrogen (H2) and helium (He). Within the 
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Water is the driving force of all nature  
-Leonardo da Vinci



disc, there are also other chemical ele-
ments and have already formed some com-
pounds, whose state of aggregation (gase-
ous, liquid,solid) depends on their evapora-
tion, melting and solidification tempera-
tures, by the conditions of temperature 
and pressure in the disc.

Planetesimals 
The substances within the disk of gas are 
located in the solid condition of the pow-
der grains. Uniting with each other thanks 
to the electrostatic attraction forces and 
force of gravity, the powder is increased un-
til  they form  the bodies, said planetesi-
mals, whose size can reach a diameter of 
hundreds of kilometers. The temperature in 
the disk is not constant, but decreases as 
the distance from the central star in-
creases. The planetesimals that formed 
close to the star are made up of sub-
stances that can condense already at a 
high temperature (such refractory sub-
stances,  Zr, Al, Ti, Ca, Si and magnesium 
silicates Mg2SiO4, MgSiO2). The planetesi-
mals that formed far from the central star 
also contain volatile substances, which so-
lidified only at low temperature. Among 
these, the most important one is water, the 
pressure at which is located in the gas that 
forms the disc, resublime to ice at a tem-
perature below 200 K.

Planets 
Planetesimals, while following continuous 
collisions, aggregate into bigger bodies un-
til they become the planets. At the time of 
the formation of our planet, the tempera-
ture of the disk of gas, at a distance of 
about 150 million kilometers from the sun  
(the radius at which the Earth is located), 
was too high to allow the water condensa-
tion. The planetesimals that gave rise to 
the Earth had, therefore, be formed of re-
fractory compounds and does not contain 
water.  Because of the distribution of water 
in the Solar System, it was thought that 
the present was brought to Earth by com-
ets collided with our planet. Recent stud-
ies on the isotopic composition of the wa-
ter have questioned this hypothesis, sug-
gesting that the water comes from aster-
oids of the outer belt.
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The cycle of 
water

Evaporation 
The water cycle has no starting point, but we'll 
begin in the oceans, since that is where most 
of Earth's water exists. The sun, which drives 
the water cycle, heats water in the oceans. 
Some of it evaporates as vapor into the air; a 
relatively smaller amount of moisture is added 
as ice and snow sublimate directly from the 
solid state into vapor. Rising air currents take 
the vapor up into the atmosphere, along with 
water from evapotranspiration, which is water 
transpired from plants and evaporated from the 
soil. The vapor rises into the air where cooler 
temperatures cause it to condense into clouds. 

Precipitation
Air currents move clouds around the globe, and 
particles collide, grow, and fall out of the sky as 
precipitation.Some precipitation falls as snow and 
can accumulate as ice caps and glaciers, which 
can store frozen water for thousands of years. 
Snowpacks in warmer climates often thaw and 
melt when spring arrives, and the melted water 
flows overland as snowmelt. Most precipitation 
falls back into the oceans or onto land, where, 
due to gravity, the precipitation flows over the 
ground as surface runoff. A portion of runoff en-
ters rivers in valleys in the landscape, with stream-
flow moving water towards the oceans.

No water no life, no blue no green 
-Sylvia Earle 



Runoff, and groundwater seepage, accu-
mulate and are stored as freshwater in 
lakes.

Groundwater 
Not all runoff flows into rivers, though. 
Much of it soaks into the ground as infiltra-
tion. Some of the water infiltrates into the 
ground and replenishes aquifers (saturated 
subsurface rock), which store huge 
amounts of freshwater for long periods of 
time. Some infiltration stays close to the 
land surface and can seep back into 
surface-water bodies (and the ocean) as 
groundwater discharge, and some ground-
water finds openings in the land surface 
and emerges as freshwater springs. Yet 
more groundwater is absorbed by plant 
roots to end up as evapotranspiration from 
the leaves. 

Appliance 
Observing and monitoring the key vari-
ables governing the global water cycle is 
essential to our understanding of the 
Earth’s climate, forecasting our weather, 
predicting floods and droughts, and im-
proving water management for human 
use.
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Water and its relation 
to human

4

Is water a finite resource?  
Water is one of the most vital natural re-
sources for all life on Earth. The availability 
and quality of water always have played an 
important part in determining not only 
where people can live, but also their qual-
ity of life. Even though there always has 

been plenty of fresh water on Earth, water 
has not always been available when and 
where it is needed, nor is it always of suit-
able quality for all uses. Water must be 
considered as a finite resource that has lim-
its and boundaries to its availability and 
suitability for use. 
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If we pollute the air, water and soil that keep 
us alive and well, and destroy the biodiver-
sity that allows natural systems to function, 
no amount of money will save us
-David Suzuki



Supply of water  
Traditionally, water management  focused 
on expanding or manipulating the coun-
try's supplies of fresh water to meet the 
needs of users. A number of large dams 
were built during the early twentieth cen-
tury to increase the supply of fresh water 
for any given time and place. This era of 
building large dams has passed. In the 
twenty-first century, the finite water supply 
and established infrastructure require that 
demand be managed more effectively 
within the available sustainable supply. 

Water and its uses in the world 
Water-use information can be used to 
evaluate the impacts of population growth 
and the effectiveness of alternative water 
management policies, regulations, and con-
servation activities. We use water for drink-
ing, washing, cleaning, cooking, and grow-
ing our food as well as many other things. 
Much of our fresh water is also used out-
doors for watering lawns, flower beds, and 
vegetable gardens, as well as washing 
cars and filling swimming pools. We must 
be careful not to pollute the water that we 
use outside. Water is also essential in in-
dustry. It is heated and the steam is used 
to run machinery. Water is used to cool hot 
metal such as in the production of steel. 
Water is also used to cool the air. It is an 

important element in many products like 
chemicals, drugs, lotions, shampoos, cos-
metics, cleaners and also beverages.
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Water-pollution 
5

Pollution 
A huge threat to many ecosystems is the 
fenomeen of water pollution. It is caused 
by chemicals being dropped in the water 
and imbalances of the ecosystem. It 
causes diseases, obfuscation and extermi-
nation of organisms. By polluting an 

aquatic live system, an oversupply or short-
fall of food or lethal components might oc-
cur. On a large timescale, this will affect a 
very big part of the live system as it will try 
to restore the balance and even might 
cause total extinction of all life in the sys-
tem.  
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Nothing is softer or more flexible 
than water, yet nothing can resist it 
-Lao Tzu 



ESA’s oberservation 
By using satellite images, ESA is capable 
of observing an ecosystem on a very 
large scale. This will create a way better 
vision on the affects of pollution in an eco-
system and even the whole biosphere. To 
investigate the condition of water on a 
smaller scale in an ecosystem, taking 
samples and research its content is a very 
accurate way to getter information about 
the influences of pollution by for instance 
industrial and agricultural waste water.

Pacific trash vortex 
A part of this pollution is caused by a huge 
pile of human waste in the central North 
Pacific Ocean, this is called the Pacific 
trash vortex. The pile extents over an inde-
terminate area, with estimates ranging very 
widely depending on the degree of the 
plastic concentration used to define the af-
fected area. The pile is characterized by ex-
ceptionally high concentration of plastics.  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Damage to the environment 



Esa and water 
problems

6

Seasons of flood and drought, eroding 
shorelines, pollution, increased demand 
for limited supply, and stringent environ-
mental and security regulations are in-
creasing the pressure at every point in 
the water cycle. What can esa do about 
this?  

Esa’s solution 
Esa partners with clients and tries to find a 
solution for the supply and transport of 
treated and recycled water, wastewater, wa-
tershed management and flood control. 
They assist the clients with the implementa-
tion of water projects while minimizing the 
impact to the environment.          

Ecosystem restoration project 
Esa also cooperates together with a U.S. 
Army Corps of Engineers and some other or-
ganizations in the Puget Sound Nearshore 
Ecosystem Restoration Project (PSNERP). 
This project restores the affected ecosys-
tem. There are two restoration alternatives: a 
full restoration of the whole ecosystem, this 
will require a lot of effort and money invest

 

ment, the other alternative is a partial restora-
tion and led the ecosystem restore its own 
balance by adding a small human interfer-
ence. The ecosystem they want to restore 
are also ones in the water.  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The problem is that everywhere the gas 
drilling industry goes, a trail of water con-
tamination, air pollution, health concerns 
and betrayal of basic american civic and 
community values follows 
-Josh Fox 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