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WHAT IS WATER?

Everything is made of atoms. An atom is the smallest particle of an element, like
oxygen or hydrogen. Atoms join together to form molecules.

A water molecule has three atoms: two hydrogen (H) atoms and one oxygen (O)
atom. That's why water is sometimes referred to as H 20. A single drop of water
contains billions of water molecules. Water is a polar molecule.

The water that we have on Earth is very old. The water that we are using now was
used by the dinosaurs millions of years ago. This is because the Earth recycles its

water, i.e. it reuses its water.

This recycling of water is called the  water cycle .

INTERACTIONS OF THE HYDROSPHERE

The Hydrosphere is not an isolated system buti s a combination of other global
systems such as the atmosphere, lithosphere and biosphere.

Together these systems work to form the Water Cycle .
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Explanation of terminology

Evaporation:
The change of a liquid into a vapo r at a temperature below the boiling point

Condensation:
The change of the physical state of matter from a gaseous phase into a liquid
phase, and is the reverse of vaporization

Precipitation:

A form of water, such as rain, snow, or  sleet that condenses from the atmosphere
becomes too heavy to remain suspended, and falls to the Earth's surface.

Different atmospheric conditions are responsible for the different forms of
precipitation .

Transpiration:
The process of giving off vapor containing water and w  aste products, especially
through the stomata on leaves or the pores of the skin

Sublimation:
The process of changing from a solid to a gas without passing through an
intermediate liquid phase .

Infiltration:
Infiltration  is the process by which water on the ground surface enters the  soil.

Surface Runoff:
Surface runoff is water, from rain, snowmelt, or other sources, that flows over the
land surface, and is a major component of the water cycle
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EXPLORING THE HYDROSPHERE

How istitlsisvaiatehsdistreibuted
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Cultural Organisation (UNESCO. Paris). 1999

Wiater @ Wise
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A very small percentage of water is available for human consumption.

Try the following activity to demonstrate the availability of water  to learners:

Imagine that 2 200 millil  itres (ml) of water represents all the water on earth.
If we were to take 12 spoons of water out of this 2 200ml,
the water that remains is equal to the salty water in the oceans and seas.
Now |l ook at how the 12 spoons of

\\\\\@\\\\\\ 9 spoons in the ice caps

\\ 2 Spoons in the Groundwater

SWZ 1/2 a spoon in Lakes and Dams

‘ One drop in the rivers

The Hydrosphere. Teacher Project Guide. Grade 10. Physical Science. Page4



INVESTIGATION:

INVESTIGATING THE HYDROSPHERE
(RECOMMENDED EXPERIMENT FOR INFORMAL ASSESSMENT )

(See annexure 1)

THE IMPORTANCE OF THE HYDROSPHERE

Water is a part of living cells

Each cell in a living organism i s made up of almost 75% water, and this allows the
cell to function normally. In fact, most of the chemical reactions that occur in life,
involve substances that are dissolved in water. Without water, cells would not be
able to carry out their normal funct  ions and life could not exist.

Water provides a habitat

The hydrosphere provides an important place for many animals and plants to live.
Many gases (e.g. carbon dioxide and oxygen ), nutrients (e.g. nitrates and nitrite )
and ammoniumions, as well as other ions (e.g. calcium and magnesium) are dissolved
in water. The presence of these substances is critical for life to exist in water.

Regulating climate

One of water's unique characteristics is its high specific heat. This means that
water takes a long ti me to heat up and also a long time to cool down. This is
important in helping to regulate temperatures on earth so that they stay within a
range that is acceptable for life to exist. Ocean currents also help to disperse
heat.

Human needs

Humans use water in a number of ways. Drinking water is obviously very important,
but water is also used domestically (e.g. washing and cleaning) and in industry.
Water can also be used to generate electricity through hydropower.

Now that we know what the Hydrosphere is  and how the Natural Water Cycle
works, let us investigate how the Man Made cycle works.
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INVESTIGATION:

INVESTIGATING THE HYDROSPHERE
(RECOMMENDED PROJECT FOR FORMAL ASSES SMENT)

(See annexure 2)

WHAT IS WATER QUALITY?

Water quality is defined as water, which is safe, drinkable and appealing to all life
on Earth.

In South Africa the scarce fre  sh water is decreasing in quality because of an

increase in pollution and the destruction of river catchments, caused by

urbanisation, deforestation, damming of rivers, destruction of wetlands, industry,

mining, agriculture, energy use, and accidental wate r pollution . This is a real long -

term threat to the c¢ oAxthehymarspopwlationdncreases,c ur i t vy .
there is an increase in pollution and catchment destruction.

CAUSES OF WATER POLLUTION

Urbanisation
As more and more people move into cities and towns, a number of factors cause

pollution:

1 the physical disturbance of land due to construction of houses, industries, roads,
etc.;

1 chemical pollution from industries, mines, etc.;

1 inadequate sewage collection and treatment;

i increase in fertilizerst o grow more food. This results in an increase in nutrients
(nitrates and phosphates) in the water, which causes enhanced plant growth (algal
blooms). When this plant material dies and decays the bacteria uses the oxygen in
the water. This lowering of ox ygen levels results in the death of other water life
that needs oxygen to survive, eg. fish, etc. This process is called eutrophication;

1 litter, which causes disease and has a negative visual impact.

Deforestation

Clearing land for agriculture and urban  growth often leads to water pollution. When soil is
stripped of its protective vegetation it becomes prone to soil erosion. This leads to an
increase in the murkiness of the water which can cause the following:

1 it can block the gills of fish;
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1 bottomdwel | i ng pl ants cannot photosynthesize as
i there is an increase in disease as bacteria and viruses use the soil particles as a
method of transportation.

Damming of rivers
Damming of rivers can have an impact on water int he following ways:
1 Water flowing out of dams:

\% has reduced suspended material as a large amount settles to the bottom of
dams;

V is depleted of nutrients; and

Vv is often more saline

with detrimental effects on downstream agriculture and fisheries.

1 Enhanced eutrophication may result due to the water spending a longer time in the
dam. (Eutrophication is an increase in the concentration of chemical nutrients in an
ecosystem to an extent that increases the primary productivity of the ecosystem.
Depending on the degree of eutrophication, subsequent negative environmental effects such
as anoxia and severe reductions in water quality, fish, and other animal populations may
occur.)

1 There is also increased evaporat ion in dams, especially those with a large surface
area, such as the Vaal Dam.

Destruction of Wetlands

Wetl ands are natureds way of cleaning water as
water in summer and release it in winter).

Destruction of wetlan ds:

1 Destroys the habitat of many birds and fish;
1 Removes the natural filters capable of storing and degrading many pollutants,
such as phosphorus and heavy metals;
1 Destroys natural dams and causes flooding further downstream.
Industries

Industries produce waste that can affect the:

1 pH of water (whether it is acid, neutral or alkaline);

1 colour of water;

1 amount of nutrients (increase in nutrients can cause eutrophication);

1 temperature (increase or decrease in temperature can have an impact on
temperature sen sitive organisms living in the water);

1 amount of minerals and salts (too much can cause health problems);

1 murkiness of water (can block fish gills; bottom dwelling plants cannot

photosynthesize as the suns rays cannot reach them; increase in disease as bac teria
and viruses use the soil particles as a method of transportation).
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Mining
Mines produce waste that:

1 can increase the amount of minerals and salts in the water (too much can cause
health problems);

i can affect the pH of the water (whether it is acid , heutral or alkaline);

i can increase the murkiness of the water.

Agriculture:

9 Increases soil erosion due to the physical disturbance of soil and vegetation due to
ploughing, overgrazing, logging and road building. This effects the murkiness and
the amount of salts and minerals in water;

1 Increases nutrients due to fertilizers and excreta, which contribute worrying
amounts of nitrates and phosphates to water supplies (this can cause
eutrophication);

91 Increased pesticide use.

Energy Use

As human populations increase, more energy is required for human activities such as
cooking, lighting, etc. The majority of our energy in South Africa comes from the burning

of coal at power stations and results in greatly increased emissions of sulphur and nitrogen
oxides into the atmosphere. These gases are the main cause of acid rain, which has a
negative impact on the natural environment and human health. In addition, the release of
carbon dioxide from the burning of coal, contributes to global warming.

Accidental Water  Pollution

Accidental water pollution can arise from many sources (such as burst pipes and tanks,
major leaks, fires and oil spills) and can cause varying degrees of damage, depending on the
guantity, toxicity and persistence of the pollutant, and the size and adaptability of the
water body.

THE FUTURE

If this is the water situation at present, what of the future? South Africa can

build more dams and water transfer schemes; desalinate sea water; source water
from neighbouring countries, such as the Zambe zi River in Zimbabwe; reuse
effluent water; or treat mine wastewater. But all of these solutions are expensive

and not affordable for the country.

In terms of water quality, South Africans can clean up rivers and impose fines on
those people/companies tha t pollute rivers. But these solutions address the
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symptoms of the problem. We should be addressing the cause of the problem, i.e.
our ATTITUDE towards water, both in terms of the amount of water and its
quality.

The future of South Africa lies in OUR ha nds. We CAN make a difference. We
just need to understand the water environment and how we humans fit into it. We
al | need to become oWater Wi saedNatBut Wvsaetd doe

Tobe 0 Wat er Weassahat a person will:
have the utmost RESPECTfor water and all life;
use water carefully and not WASTE it;
not POLLUTE rivers with liquid and solid waste;
PAY for water services;
take ACTION to solve any water problems;
CONSERVE water, and thereby CONSERVE the natural environment.

South Africa has, in general, a limited supply of water and the quality of this water
is being threatened by pollution and the destruction of river catchments. Water is
a vital resource and it is up to ALL South Africans (and that means YOU) to act
responsibly in their daily lives and look after the available water resources to
ensure that this limited supply is usable by all life on Earth. It is very important
that everyone becomes oOWater Wiseo.

ARE YOU
WATER WISE???
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DRINKING WATER SUPPLY

Rand Water draws water for purification from the Vaal Dam. This water is
transported via canals and pipelines to Rand
Vereeniging.

Here the water is cleaned and treated to a standard suitable for humans to drink.

The water complies with the requirements of the South African National Standard

for Drinking Water (SANS 241) and the World Health Organisation (WHO)

guidelines. (See Appendix 3 for SANS 241 Drinking Standards and Appendix 4 for

Rand Waterds Drinking Water Quality Standards

The purified drinking water is pumped in underground pipelines from the
purification stations, via a series of pump stations, stored in closed reservoirs and
then distributed via underground pipes, using the force of gravity.

Rand Water sells water to local a uthorities, and some mines and factories, in an
area of 18 000 square kilometres . The local authorities then supply 12 million
people in homes, schools, and businesses in Gauteng and parts of Mpumalanga,
North West, Free State and Limpopo Provinces with ¢l ean water they buy from
Rand Water. This accounts for 45% of the South African population and 60% of

the economy.
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WATER PURIFICATION

Water is a transport medium, as it carries along many substances from one place t o]
another, just like a train.

When water falls on the earthds surface
carried in the water, eg. silt, minerals, bacteria, etc., just like a train picking up
passengers.

Water is the train that moves along the tracks and the passengers are these
substances that get on and off the train. By the time water enters the dams it has
many passengers, both good and bad to humans.

There is silt and minerals from the land. There are germs (bacteria) that may
cause people to get sick if they enter the human body. It is for this reason that

the dirty water needs to be cleaned before it is supplied to taps. This cleaning
process is called water purification

Rand Water is the company that cleans (purifies) the dirt y water and then
distributes it to mines, industries and local authorities. The local authorities
supply this water to individual homes, businesses and schools in Gauteng and parts
of Mpumalanga, Limpopo, North West and Free State Provinces.

How does th e Vaal Dam water get to the purification stations?

Vereeniging Purification Station

At the Vaal Dam there is an intake tower alongside the Vaal Dam wall that

abstracts (takes out) water from the dam. From this intake tower there is an
underground pipe that travels passed Zuikerbosch Purification Station and then to
the Vereeniging Purification Station (330 Megalitres per day ). This water flows
via gravity and does not need to be pumped. There is also an underground pipe
leading from the Lethabo weir (0 n the Vaal River) which abstracts water from the
river and then flows via gravity to the Vereeniging Purification Station. This is

done when more water is needed than the underground pipe from the Vaal Dam can
supply. This water is regarded as Vaal Dam w ater as there are no rivers flowing
into the section above the Lethabo Weir so thus it is the same type of water.

There are also two intake towers on the Vaal River Barrage Reservoir that used to
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supply the Vereeniging Station . These towers are no longer in use but Rand Water
may be forced by the Department of Water & Environment Affairs to use this
water in the future.

Intake Tower #2 | Intk Towe#l

Zuikerbosch Purification Station:

At the Vaal Dam there is an intake tower al  ongside the Vaal Dam wall that
abstracts water from the dam. Waterisp  laced into an open canal (after the
underground pipe) which then flows via gravity to Zuikerbosch. If Zuikerbosch
needs more water then there is a pump in the Vaal River alongside Zuike  rbosch
Station that abstracts water directly from the river. Water from the

underground pipe that flows to the Vereeniging Station can also be used at the
Zuikerbosch Station .

THE PROCESSES OF WATER PURIFICATION

What is Screening?
When raw water first a rrives at a purification station it passes through metal bars
or screens. These screens trap large water plants, water animals, sticks, leaves &
litter, but allows the rest of the water to pass through.
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What is Coagulation?
The raw water enters a spi ral flocculator where slaked lime is added. The raw water
contains sand, silt and clay particles that have small negative electric charges that
repel each other.

The water moves around very quickly so that there is good contact between the slaked
lime and the particles.

The slaked lime neutralises these electric charges and causes the particles to attract
to each other. This process is called coagulation.

A further chemical, sodium silicate, is added to assist the process.

KLime stone is heated in kilns to 1320 °C to get quick lime. Quick lime is crushed into \
pell ets and mixed with water to form hy:

CaCQ; (Calcium Carbonate) A heatA CaO (Calcium Oxide) + CO , (Carbon Dioxide)

KCaO (Calcium Oxide) + H ,0 (Water) =Ca (OH), (Calcium Hydroxide 0 slaked lime) /

Spiral Flo cculator

What is Flocculation?
As the water moves around the spiral flocculator, the sand, silt and clay patrticles, as
well as some small water plants and ani mal s,
togetherdé to form f 1| oc.n Watdniinoves vesy quicklyinteed f | o c «
middle of the spiral flocculator whilst on the outside it moves slower making it much
easier for the objects to stick together.

What is Sedimentation?
The water, together with the floc, now flows slowly into a large sed imentation tank
where the floc settles to the bottom of the tank. This is called sedimentation.
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Sedimentation Tank

The floc at the bottom of the tank is now called sludge and is sucked out by desludging
bridges and sent to a sludge deposit site. The top of the water in the tank is now much
cleaner. This clean water flows over the side of the sedimentation tank into the
carbonation tank.
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-» Desludging Bridges

Sludge at a consistency of around 2.5% mass per volume solids is pumped to a central
point at Zuikerbosch Station. From Zuikerbosch the sludge is pumped approximately
2.2 kilometres to Panfontein for treatment.

What is Carbonation?
When water leaves the sedimentation tank it has a pH of about 10.5 because of the
lime that was added in the spi ral flocculator. This high pH (alkaline) makes the water
feel and taste soapy.

In order to make the water less alkaline (a lower pH), carbon dioxide is bubbled through
the water. This is called carbonation . The pH of the water is now between 8.0 and 8.4.
This makes the water taste and feel much better.

The water is kept at this pH level because it causes Calcium Carbonate to deposit inside
the pipes which forms a protective layer for the pipes.
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What is pH?
pH, reflects the acidity or alkalinity of water. When you measure pH you will be
measuring the concentration of hydrogen (H ) and hydroxyl (OH ") ions in the
water.

The concentration of these ions is reported using pH units. pH is measured on a
pH scale from 0 to 14.

Many H” equal amounts of H+ and OH - Many OH-
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Acidic Neutral Basic
Oranges/tomatoes Water Soap/shampoo

If the sample measured has more hydrogenio ns (H"), it has a pH of less than 7
and is regarded as acid, which has a sour taste.

If there are more hydroxyl ions (OH ) the pH is greater than 7 and it is
regarded as alkaline, which has a soapy taste and texture.

Thus pH is a measure of the acidit y or alkalinity of the sample.
Neutral water has equal and very low concentrations of the two ions.
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