
WATER 

 Water is by far the most common liquid on the Earth’s 

surface. 

 Its unique properties enable life to exist. 

 In chemical terms it is a dilute solution of various 

compounds. It can also hold suspensions. 

 Water is the medium for almost all the reactions and 

processes that are essential for life. 

 To understand water pollution, and also water and 

wastewater related environmental engineering practices it is 

first necessary to have an appreciation of chemical 

phenomena that occur in water. 
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Water availability and Demand in Turkey 

Is Turkey a 

 water rich country? 

 water scarce country? 

 water poor country? 

 



In an average year, 1 000 m3 of water per inhabitant can be considered as a 

minimum to sustain life and ensure agricultural production in countries with 

climates that require irrigation for agriculture. 

REVIEW OF WORLD’S WATER RESOURCES BY COUNTRY 

Water rich country: 8000 m3 - 10000 m3  of water per inhabitant per year  

Water scarce country: Less than 2000 m3 of water per inhabitant per 

year  

Water poor country: Less than 1000 m3 of water per inhabitant per year  
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The Hydrologic Cycle 

• Over 71% of the earth’s surface is covered 

by water: 

– Oceans contain 97%. 

– Polar ice caps and glaciers contain 2%. 

– Freshwater in lakes, streams, and ground 

water make up less than 1%. 

 



The Water Resources of Earth 

 Abundancy versus availability  

• 97.13% of all water on Earth is salt water. 

• About 2.5% is fresh water .  

– Nearly 70% of that fresh water is frozen in the icecaps 

of Antarctica and Greenland. 

– Most of the remainder lies in deep underground aquifers as 

groundwater not accessible to human use.   
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71 % of our Earth's 

surface is covered 

by water. 



• < 1% of the world's fresh water (~0.007% of all 

water on earth) is accessible for direct human 

uses.  

• This is the water found in lakes, rivers, 

reservoirs and those underground sources that 

are shallow enough to be tapped at an 

affordable cost.  

• Only this amount is regularly renewed by rain 

and snowfall, and is therefore available on a 

sustainable basis. 
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Water Available for Direct Human Use 
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•Oceans 97.13%  

  

–approximately 1.1 M solution of cations and 

anions.  

 

TDS=35,000 mg/L, mostly Na+ and Cl-. 
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Water salinity based on dissolved 
salts in parts per thousand (ppth) 

Fresh 
Water 

Brackish 
water 

Saline 
Water 

Brine 

< 0.5 0.5 – 30 30 – 50 > 50 

Fresh water can be defined as water with less 

than 500 parts per million (ppm) of dissolved 

salts. 
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Rainwater 

•Most dilute of all waters. Equilibrates with the gases 

in the atmosphere. 

•No buffering agents   rapid pH changes  

•When absorbs SO2   acid rain 

•The major atmospheric constituents, N2 and O2 are 

sparingly soluble in water. 

•Minor constituents such as SO2 and CO2 are 

however, very soluble. 

•When rainwater falls onto the land surface and 

comes in contact with rocks, sediments, and soils 

giant global acid-base titrations occur. 
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Groundwater 

•Ground water is a result of precipitation falling on porous 
ground where spaces between the soil particles allows water 
to seep and then flow beneath Earth's surface.  

•Earth has 40 times more water underground than is found in 
lakes, rivers, and streams as surface water.  

•GW usually contains more dissolved solids than surface 
waters because of longer contact time between water, rocks 
and soils in the ground. Microbiological activities in soil 
produce CO2, pH drops, more corrosive.  

•Usually softening is required for drinking water purposes. 
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Surface water 

•Contains various degrees of hardness.  

•When in contact with granite (SiO2), low TDS, 

•Contact with calcite (CaCO3), high TDS. 
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The Water Molecule 

The water molecule is made up of two hydrogen 

atoms bonded to an oxygen atom. 

The three atoms are not in a straight 

line; instead, they form an angle of 

105°. Because of water’s bent 

structure and the fact that the 

oxygen atom attracts the negative 

electrons more strongly than do the 

hydrogen atoms, the water molecule 

behaves like a dipole having 

opposite electrical charges at either 

end.  
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The Water Molecule 

Atoms of electropositive elements can give up one or 

more electrons easily, such as H atom. 

Atoms of electronegative elements can gain 

electrons easily, such as O atom. 
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The Water Molecule 

The water dipole may be 

attracted to either positively 

or negatively charged ions.  

This kind of attraction for 

ions is the reason why 

water dissolves many ionic 

compounds and salts that 

do not dissolve in other 

liquids. 

Polar water 

molecules 

surrounding 

Na+ ion. 

Polar water 

molecules 

surrounding 

Cl- ion. 
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Hydrogen Bonds  

 

• Hydrogen bonding is a special type of bond that occurs 

when a H atom in one molecule is attracted to an 

electronegative atom such as F, O or N in a neighboring 

molecule.  

• Hydrogen bonding causes stronger attractive forces 

between water molecules than the molecules of most 

other liquids and is responsible for many of the unique 

properties of water. 
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Hydrogen Bonds  

•attraction between the hydrogen in 
one water molecule and the 
oxygen in another water molecule.  

•takes place because the oxygen 
has a partial negative charge and 
the hydrogen a partial positive 
charge. 

•hydrogen bonds, shown in figure 
as dashed lines, hold the water 
molecules together in large groups. 
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Hydrogen Bonds  

• Hydrogen bonds also help to hold some solute 
molecules or ions in solution.  

• This happens when hydrogen bonds form 
between the water molecules and hydrogen, 
nitrogen, or oxygen atoms on the solute 
molecule.  

• Hydrogen bonding also aids in retaining 
extremely small particles called colloidal 
particles in suspension in water. 



Hydrogen bonds holding organic molecules ions in 

solution.  
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imidazole group of a protein can bond to 

an OH group of water 
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Hydrogen Bonds  

H2O (18) – Replace Oxygen by some heavier 

molecules, sulfur, selenium, tellurium 

 

• H2S (66) – is a colorless, toxic, flammable 

gas. b.p. -60.3 oC 

• H2Se (81) – Hydrogen Selenide is a 

colorless,  flammable, extremely toxic gas. 

b.p. -42 oC 

• H2Te (130) – b.p. -2 oC 



The Water Molecule 

Extremely high dielectric constant  
(Measure of the ability of a solvent to maintain a separation of charges.) 

      

 

Excellent solvent properties 

Water is called the Universal Solvent because it dissolves 

more different kinds of materials than any other liquid. 

Water is the basic transport medium for nutrients and 

waste products in life processes.  
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Water  

Has the highest heat capacity of any liquid or solid with one 

exception, NH3. 1 cal.g-1/deg-1.  

Has extremely high heat of vaporization of water, 585 cal/g 

at 20°C. 

 

 

–has a stabilizing effect upon the temperature of nearby 

geographic regions.  

–prevents sudden large changes of temperature in large 

bodies of water and thereby protects aquatic organisms from 

the shock of abrupt temperature variations. 
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Water  

• Water has its maximum density at 4°C, a temperature above 

its freezing point. 

 

 

 

–Ice floats and few large bodies of water ever freeze solid.  

–the pattern of vertical circulation of water in lakes, a 

determining factor in their chemistry and biology, is 

governed largely by the unique temperature-density 

relationship of water. 
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 The excellent ability of water to dissolve so many 

substances allows our cells to use valuable nutrients, 

minerals, and chemicals in biological processes.  

 Water’s “stickiness” (from surface tension) plays a part in 

the body’s ability to transport these materials throughout 

our bodies. 

 The carbohydrates and proteins that our bodies use as 

food are metabolized and transported by water in the 

bloodstream. 

 No less important is the ability of water to transport waste 

material out of our bodies. 

For all of these reasons, and for many others, we can 

truly say that water is special, strange, and different. 

Water  
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Worldwide, agriculture accounts for 70% of all 

water consumption, compared to 20% for industry 

and 10% for domestic use.  

 In industrialized nations, however, industries 

consume more than half of the water available for 

human use.  

Belgium, for example, uses 80% of the water 

available for industry. 

http://www.worldometers.info/water/ 

http://www.worldometers.info/water/
http://www.worldometers.info/water/
http://www.worldometers.info/water/
http://www.worldometers.info/water/
http://www.worldometers.info/water/
http://www.worldometers.info/water/
http://www.worldometers.info/water/
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Freshwater withdrawals have tripled over the last 50 

years.  

Demand for freshwater is increasing by 64 billion 

m3/year. 

The world’s population is growing by roughly 80 

million people each year. 

Changes in lifestyles and eating habits in recent 

years are requiring more water consumption per 

capita. 
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What's the problem? 

 The population is growing rapidly, putting more 

pressure on our water supply (demand is increasing) 

 The amount of water is effectively reduced by 

pollution and contamination (supply is decreasing). 

 What does the future hold? We can best explore this 

question by looking carefully at the world's water 

resources.  

  

 


