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TOPIC 14
Earth’s precious resources

14.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in 
your learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered 
in this topic.

14.1.1 Why learn this?
Australia is rich in resources, including coal, natural gas, oil, iron, copper, uranium and a host of precious 
minerals. But Australia is sadly lacking in the most precious resource of all — water. All of our resources —  
fuels, precious minerals and water — must be used wisely to ensure that our future is sustainable.
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Thinking about the Earth’s resources
The term natural resources describes the naturally occurring raw materials that we use to make, consume and 
export products and to provide useful energy. These resources include fossil fuels, such as coal, oil, natural gas, 
minerals and timber. Some natural resources are essential just to keep us and almost all other living things alive, 
including water, sunlight and gases such as oxygen in the atmosphere. Natural resources can be broken down 
into two main categories — those that are renewable and those that are non-renewable.
1. As a group, discuss the difference between renewable and non-renewable resources. Then decide whether 

each of the following natural resources is renewable or non-renewable.
• Coal
• Hydro-electricity
• Natural gas
• Water
• Oxygen
• Wind energy
• Timber
After making your decisions, copy and complete the table below. Then compare your competed table with 
those of other groups.

Natural resource Renewable or non-renewable? Reason for your decision Why is it useful?

Coal      

Hydro-electricity      

Natural gas      

Water      

Oxygen      

Wind energy      

Timber      

2. Aboriginals and Torres Strait Islanders have always used natural resources as medicine and to make tools 
and paint.
(a) List the natural resources used for each of these purposes.
(b) Suggest other purposes for which these natural resources were 

used.

To mine or not to mine?
Imagine it is the year 2070 and the last deposit of oil that mankind can 
get to is deep beneath the Great Barrier Reef. If the oil is extracted, 
there will be enough oil products to keep cars on the road for another 
ten years. However, to reach the oil, the Great Barrier Reef would be 
completely destroyed, never reforming. What would you do? Justify 
your answer.

Wind energy is the natural resource 
that drives these wind farm turbines.

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



TOPIC 14 Earth’s precious resources 549

c14EarthsPreciousResources Page 549 11/07/17  6:45 PM

14.2 Nature’s resources
The Earth’s crust contains a vast range of natural resources that are used to make things that we take for 
granted every day; buildings, furniture, cars and plastics (including polyester and nylon) are just a few 
examples. It also provides the resources used to make fuels such as petrol, natural gas and coal.

14.2.1 Renewable or non-renewable?
Renewable resources are those, such as timber and water, that replace or renew themselves. Sunlight is 
also a renewable resource because it is continually being replaced by the sun. Non-renewable resources 
are those that cannot be replenished or that take millions of years to replace themselves. Supplies of non- 
renewable resources will eventually be exhausted with continuous use.

So why are fossil fuels and minerals considered non-renewable? Well, to answer that we really need to 
look at how they came into being in the first place.

14.2.2 Fossil fuels
The energy stored in fossil fuels comes from the remains of ancient plants and animals, buried under 

layers of the Earth’s crust that have built up over tens or hundreds of millions of years. When we burn fossil 
fuels — coal, oil and natural gas — the stored energy is converted to other forms of energy, including heat, 
movement and light.

14.2.3 From plant matter to coal
Just over 250 million years ago, ferns and other plants dominated the Australian landscape. As the plants 
died, they formed thick layers of rotting materials on the forest floors and in swamps. Under pressure from 
the layers above, the material turned into peat — a soft, dark, rotting mass. About 250 million years ago, 
the Australian landscape went through many changes. Sea levels fell and rose again, and sediments were 
deposited on top of the layers of peat.

Heat and pressure from the layers of sediment above turned the peat into brown coal (lignite). Further heat 
and pressure turned lignite into bituminous coal and, eventually, black coal (anthracite). The black coal 
found in parts of New South Wales and Queensland was formed this way. Younger lignite, found in Victoria, 
is less than 60 million years old. It has not been exposed to heat and pressure for as long as the black coal.

14.2.4 Oil and natural gas
Oil and gas are fossil fuels that formed from the remains of tiny sea animals and plants. Millions of years 
ago, the remains were buried on the ocean floor among other sediments. After millions of years of squeezing 
and heating, the sediments formed sedimentary rocks. Chemical reactions within the rocks slowly changed 
the remains of the sea organisms into oil and natural gas.

How coal forms
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Rocks such as sandstone and limestone, which often form in old seabeds, are porous. Porous rocks are 
full of tiny holes. This means that other substances can seep through them. Oil and gas formed in porous 
rocks can seep through and start to move upwards. The oil and natural gas continue to move up until they 
are stopped by a layer of non-porous rock.

Scientists who search for oil and natural gas look for non-porous rocks in layers above porous rocks. 
They also search for layers that have been folded or faulted. The folds and faults create traps where the oil 
and natural gas can collect.
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Scientists believe it formed from the remains of organisms that lived 
in the Eromanga Sea, which once covered inland Australia.
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14.2.5 Mineral sources
We use the word mineral to describe chemical elements 
or compounds that are formed by geological processes. 
 Mineral compounds are made up of different combinations of 
elements.

There are 92 naturally occurring elements found on the 
Earth; however, they are not all found in the same concen-
tration on the Earth’s surface. When the Earth’s crust began 
to form from molten rock billions of years ago, the lighter 
 elements such as oxygen rose to the top layers of the mantle 
and the crust, while heavier elements such as iron sank towards 
the Earth’s core. As a result of this separation, three-quarters 
of the Earth’s crust is made up of silicates (compounds of  silicon and oxygen) while the elements that we 
are most interested in — generally metals — have been left behind only in low concentrations. The pie 
chart below shows that, out of the 92 naturally occurring elements, 98 per cent of the Earth’s crust is made 
up of only 8 of them.
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HOW ABOUT THAT!
The largest gold nugget ever found was called 
‘The Welcome Stranger’. It was discovered (or 
uncovered, really) by John Deason and Richard 
Oats on 5 February 1869 in Moliagul, Victoria. 
The Welcome Stranger is 61 cm long, 31 cm 
wide and weighs a whopping 71 kilograms!

Oil rig

Natural gas

Porous rock

Non-porous rock

Porous rock

Natural gas

Source rock
The rock where the 
oil forms is called 
the source rock. It is 
a porous rock that 
allows the oil and 
gas to seep through.

Fold
Folded and 
faulted rocks 
trap oil and 
natural gas.

Non-porous rock
Oil cannot seep 
through non-
porous rocks 
such as shale.

Reservoir rock
The rocks where oil and 
natural gas are found are 
called reservoir rocks. Oil 
companies drill through 
the non-porous rocks 
above to reach the oil and 
gas reserves. Natural gas 
bubbles out of the oil to form 
a separate layer above the oil.

OilOil

Most of the metal elements are chemically combined with oxygen, silicon or other non-metallic elements 
within minerals, with only a few rare metals such as gold and platinum being found in their pure form in 
nature.

Like their parent elements, minerals are not evenly distributed throughout the Earth’s crust. Instead, the 
same geological processes that shaped the Earth’s crust to form mountains, gouge out rivers and separate 
continents, also caused specific minerals to accumulate in some regions. Geologists call these regions with 
high concentrations of minerals ore bodies.

Apart from large amounts of brown and black coal, Australia benefits from having many large ore bodies 
that provide us with minerals as varied as rutile, zircon, nickel, uranium, zinc, lead, antimony, bauxite, 
copper, gold, iron ore, industrial diamond, ilmenite, lithium, manganese ore, niobium, silver and tantalum. 
It is important to remember, however, that, while there is a huge amount of mineral wealth in the Earth’s 
crust, the amount is finite. No new mineral resources are created to replace what we take from the ground —  
at least, not in humanity’s lifetime. To find out more about Australia’s natural resources using interactive 
explorations, use the Down to Earth weblink in the Resources tab.
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14.3 Extracting fossil fuels
Depending upon the location, volume and type of fossil fuel being mined, a variety of different methods is 
used to extract coal, natural gas and oil from the Earth’s crust.

14.3.1 At the coal face
When a coal seam lies fairly close to the surface — up to a depth of a few hundred metres — the open-cut 
mining method is used.

14.2 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall why resources such as timber and water are often called renewable resources.
2. Describe what types of organisms scientists believe formed:

(a) coal
(b) oil and natural gas.

3. Apart from its colour, explain how black coal is different from brown coal.
4. Distinguish between source rock and reservoir rock.
5. List nine metals found in ore bodies in Australia.
6. Recall how an ore is different from other bodies of rock.
7. Explain why it is important to use mineral resources wisely.

Think
8. Explain why the fossil fuels and minerals in the Earth’s crust are classified as non-renewable resources.
9. The most common element in the Earth’s crust is oxygen. This element is a gas except at extremely low 

temperatures. In what form is the element found in the Earth’s crust?
10. In the diagram below which rocks are likely to be porous and which are likely to be non-porous? Explain 

your answer.

Investigate
11. Aboriginals and Torres Strait Islanders used plants to treat illnesses, sores and ulcers. Find out which plants 

they used and what they were used for. Use a two-column table with the headings ‘Plant’ and ‘Use’ to 
present your findings.

Source rock

 Complete this digital doc: Worksheet 14.1: Natural resources (doc-0000)

RESOURCES — ONLINE ONLY
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An open-cut mine A bucket-wheel excavator at Yallourn can 
remove 2300 tonnes of brown coal in one hour.

HOW ABOUT THAT!
Almost one-quarter of the crust that makes up the Australian continent contains coal of one type or another. 
Australia has approximately five per cent of the world’s known reserves of black coal and approximately 16 per 
cent of the world’s known reserves of brown coal.

Rock, soil and vegetation (the overburden) are first removed by bucket wheel excavators to expose the 
coal seam. Electrically powered bucket-shaped excavators load the mined coal onto conveyors, which trans-
port it to the power-station boilers.

When the coal seam is deeper, it must be mined underground. However, underground mining is more 
costly than open-cut mining. For this reason, brown coal is not mined underground as its lesser efficiency 
as a fuel does not make it worth the extra cost.

Underground mining is also quite dangerous. As well as the threat of cave-ins and flooding, coal seams 
contain poisonous methane gas. Another poisonous gas, carbon monoxide, is also often produced when 
explosives are used underground. The dust produced by the coal not only damages miners’ lungs, but also 
forms an explosive mixture with methane gas. Proper ventilation systems in underground mines are needed 
to minimise these dangers.

14.3.2 The search for oil and gas
Oil and gas exploration is difficult, expensive and 
uncertain. It involves searching for the right combina-
tions of sedimentary rocks, folding and faulting.

Most of Australia’s oil is found off-shore under the 
seabed of Bass Strait and under the North West Shelf 
on the Western Australian coast. When a reserve of oil 
and gas is found, a platform is built over the area to be 
drilled. The platform houses all of the drilling equipment 
and often has accommodation for the people who work 
on the rig.

Once drilling has exposed the oil and gas, pipelines 
are installed and used to transport the oil and gas to 
refineries, ready for processing.

The oil taken from beneath the Earth’s surface is con-
verted in oil refineries into a number of different fuels 

Oil rig off the coast of South Australia. Oil 
companies drill down through the layers of rock 
to tap oil reserves.
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14.3 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Distinguish between open-cut and underground mining.
2. Recall what is meant by the term ‘overburden’.
3. Explain why brown coal is not mined underground even though there are seams below the surface that 

could be mined in that way.
4. Recall why the underground mining of coal is so dangerous.

(such as diesel fuel, petrol and kerosene) and other  products. 
Natural gas is mainly used for heating and for cooking. 
To learn more about how oil rigs work and how oil is found 
use the Oil Rigs weblink in the Resources tab.

14.3.3 Coastal pollution
Oil from offshore oil rigs, oil spills and natural seepages 
contribute to coastal pollution. However, the graph below 
shows that most pollution comes from the oil and oil prod-
ucts that are disposed of down our drains.
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14.4 Using fossil fuels
Imagine a world with no fossil fuels. Sure, you think that just means no petrol for cars and no coal for power 
stations, so no electricity. But I bet you didn’t realise that, without fossil fuels, there’d be no enamel paint, 
nail polish, Vaseline or plastics either! Even things like bitumen roads and tarmacs wouldn’t be possible.

14.4.1 Coal as a fuel
More than three-quarters of the black coal mined in Australia is exported. Most of the remainder is used 
to generate electricity in power stations. Some of the black coal is used in the production of steel and as 
briquettes for heating. The majority of Australia’s brown coal mines are in Victoria, where most of the coal 
is used to generate electricity.

Black coal provides more energy than the same amount of brown coal, mainly because it contains less 
water. In some countries peat is used as a fuel. However, it has to be dried first. In Ireland, where there is 
very little coal or oil, peat is used to generate electricity.

14.4.2 Liquid fuel
The oil obtained from the ground, known as crude oil, is a sticky, dark, smelly mixture of chemicals called 
hydrocarbons. Methane, propane, butane and octane are all examples of hydrocarbons. All hydrocarbons 
are compounds of the elements hydrogen and carbon. The table below lists a range of hydrocarbons.

Think
5. In power stations, coal is ground into a fine dust before it is burnt. Explain why this is done.
6. If wood is a renewable resource, deduce why many people are so concerned about the use of natural 

forests for wood products and paper.
7. Explain why it is possible to describe fossil fuels as stored solar energy.

Investigate
8. Investigate and report on how the process of ‘fracking’ is used to obtain natural gas and explain why it is 

controversial.
9. Summarise the benefits and disadvantages of extracting coal seam gas.

Create
10. Black lung disease is notorious among coal miners. Research this disease and find out what it is, who it 

affects, what its symptoms are and how it is treated. Construct a poster to display your findings.
11. Use the Methane explosion weblink on the Resources tab to read about a methane gas explosion in a 

Polish mine.

Hydrocarbon Chemical formula Carbon atoms in each molecule

Methane CH4    1
Ethane C2H6   2
Propane C3H8   3
Butane C4H10  4
Octane C8H18  8
Eicosane C20H42  20
Triacontane C30H62  30

Examples of hydrocarbons

Atoms can join or bond 
together in different ways. 
In some substances, atoms 
are joined together in 
groups called molecules.

 Explore more with this weblink: Methane explosion

RESOURCES — ONLINE ONLY
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Most of the useful products of crude oil are mixtures of different hydrocarbons. They include:
 • petroleum gases, including methane, ethane, propane and butane. All of these gases can be used as fuels. 

Propane and butane are used in gas bottles for cars, gas stoves, caravans and barbecues.
 • gasoline, which contains hydrocarbons with five to ten carbon atoms in each molecule. Gasoline is used 

as motor vehicle fuel and to make plastics and detergents.
 • naphtha, which contains hydrocarbons with eight to twelve carbon atoms in each molecule. Naphtha is 

used in motor vehicle fuel, plastics, pesticides, fertilisers and in the processing of rubber.
 • kerosene, which contains hydrocarbons with ten to sixteen carbon atoms in each molecule. Kerosene is 

used in aviation fuel, paint solvents, and paraffin for heating and lighting.
 • diesel oils, which contain hydrocarbons with fourteen to twenty carbon atoms in each molecule. Diesel 

oils are used in fuel for trucks, trains, cars and domestic oil heaters, and for asphalt production.
 • heavy crude oils, which contain hydrocarbons with more than twenty carbon atoms in each molecule. 

They can be separated into lubricating oils, petroleum jelly, candle wax and bitumen.

HOW ABOUT THAT!
The natural gas that we use as a 
fuel is a highly flammable mixture of 
hydrocarbons (mainly methane). A 
leakage is extremely dangerous as a 
spark or naked flame could cause a 
fire or explosion. Natural gas is also 
colourless and odourless. Chemicals 
are added to natural gas so that it 
smells. Otherwise, a leakage would 
be very difficult to detect until it was 
too late.

14.4.3 Fantastic plastic
Which material is strong, light in weight and cheap to make, 
comes in a huge range of colours and can be moulded into 
any shape?

It could only be one of the synthetic (manufactured) 
materials we know as plastics (a word derived from the 
Greek word plastikos, meaning ‘able to be moulded’). Plas-
tics are used to manufacture food containers and packaging, 
ballpoint pens, plumbing materials, car parts, rubbish bins, 
cling films like GLAD®Wrap and a multitude of other items.

Chemists also use the term ‘plastic’ to describe a prop-
erty, or characteristic, of some materials. A plastic material 
is one that can be readily moulded into different shapes. 
Modelling clay is an example of a substance that shows this property. A disposable plastic spoon can be 
easily moulded into a different shape if it is heated gently in a hot drink.

14.4.4 Polymers
All of the synthetic materials we call plastics are polymers. Polymers are very large molecules that consist 
of many repeating units called monomers. Monomers are small molecules. Most monomers contain the 
element carbon. Polymer molecules may, therefore, contain thousands of carbon atoms. The other elements 
found in monomers and polymers include hydrogen, oxygen, chlorine, fluorine and nitrogen.

Plastic is made in many colours and shapes 
for a huge range of uses.
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The chemical reactions that 
occur when polymers form can 
be modelled using plastic beads 
that clip together to form a long 
chain. Each plastic bead repre-
sents a single monomer mole-
cule. The long chain, which may 
contain thousands of monomers, 
represents a polymer molecule.

Casein is a protein found in 
the milk of mammals. It is a 
polymer made up of many small 
molecules called amino acids. 
The prefix ‘poly’ (meaning 
‘many’) is often used when naming polymers. For example, polyvinyl acetate (PVA) is a polymer made 
from the monomer known as vinyl acetate. In the same way polystyrene, which you may know as the 
‘coolite’ used to insulate eskies, is made up of linked chains of styrene monomers. To find out more about 
polymers use the Fantastic plastic weblink in the Resources tab.

14.4.5 Polythene
Polythene (also called polyethylene or, more correctly, polyethene) is a soft plastic that is used to make 
cling film, squeeze bottles, milk crates and many other useful items. Depending upon how closely packed 
the ethylene monomers are, and how they are linked together, polythene can vary widely in how rigid it 
is, how well it resists chemical damage and how easily it can be recycled. Polythene was discovered by 
accident in 1933 when some oxygen leaked into a container, allowing the ethene monomers to join together 
rapidly.

14.4.6 Synthetic fibres
Until the development of nylon in 1938, the world relied 
almost completely on cloth made from natural fibres from 
plant and animal products such as wool, cotton, linen and 
silk. Today, natural fibres alone are insufficient to provide 
clothing for the world’s population. A single chemical plant 
may produce as much polyester fibre in a year as 100 000 
hectares of agricultural land planted with cotton.

The most widely used synthetic fibres today are nylon and 
polyester. These fibres are both polymers. The monomers 
that are used to produce nylon and polyester are derived 
from petroleum (crude oil). Synthetic fibres are made by 
pushing the softened plastic materials through small holes 
in a nozzle called a spinneret, which looks something like a 
small shower rose.

As the fine threads of polymer harden, they become long 
filaments. These may be spun together or combined with 
natural fibres to form cloth.

A new breed of fibres
When you watch the feats of Olympic athletes such as 
cyclists, skiers and skaters, it’s almost certain that they 

A polymer forms when many small molecules (monomers) link together to 
form a large molecule (polymer).

A spinneret. Fibres form when soft nylon is 
forced through the holes of a spinneret.

UNCORRECTED P
AGE P

ROOFS



558 Jacaranda Core Science Stage 4

c14EarthsPreciousResources Page 558 11/07/17  6:45 PM

are wearing Lycra®. Lycra is not a fabric but 
the registered trademark of a synthetic fibre 
called spandex, a polymer derived from crude 
oil, which was invented in 1959. Spandex is 
lightweight, durable, retains its shape and fits 
snugly. It even pulls moisture away from the 
wearer’s skin.

Spandex is very elastic. It can stretch to up to 
seven times its normal length and spring back 
to its initial length when released. Spandex is 
always blended with other fibres. As little as 
2 per cent of this polymer in a blend changes 
the properties of the fabric. Lycra suits usually 
include between 3 and 10 per cent spandex.

Textile scientists are currently developing 
methods of producing spandex from corn and 
other food crops.

Detergents
When you wash the dishes, it is obvious that water alone is not good enough. That’s because the fats and 
oil in foods do not dissolve in water. You need to use detergents, which, when mixed with water, loosen 
or remove fatty and oily substances from surfaces. They can then be rinsed away by the action of running 
water or a wet cloth. Detergents are made from some of the hydrocarbons found in crude oil. Unlike deter-
gents, soaps are made from natural fats and oils.

Lycra is used extensively in sport because of its light 
weight, tight fit and ability to pull moisture away from the 
skin.

INVESTIGATION 14.1

Making nylon (teacher demonstration)
AIM: To demonstrate how nylon can be made

You will need:
aqueous 1,6-diamino hexane solution (hexamethylene diamine)
adipoyl chloride solution
two 100 mL beakers
glass stirring rod
tweezers

CAUTION: This experiment produces hydrochloric acid as a side product so it must be performed in a 
fume cupboard. Protective gear is needed. Care should be taken to avoid fumes and contact with skin.

• Pour the 1,6-diamino hexane solution into a clean 100 mL beaker.
• Slowly add the adipoyl chloride solution so that it sits in a layer on the top of the hexane solution rather than 

mixing. A film of nylon should form where the two solutions meet.
• Using a pair of tweezers, pull out a small string of the nylon and wrap it around a glass rod.
• As new nylon forms, continue to wind the nylon around the stirring rod.
• Wash the nylon thread thoroughly in a sieve and burst any bubbles that form. After rinsing and drying in air, 

the nylon can be handled safely.

Discussion
1. Describe the appearance of the fibre formed in the demonstration.
2. What do you think would have happened if the two liquids had been allowed to mix together completely?
3. Use a piece of the fibre produced, and compare it with a similar length of commercially available nylon 

thread or fishing line.
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14.4 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall the main uses of black coal and brown coal in Australia.
2. Explain why peat has to be dried out before it is used as a fuel.
3. Recall what a hydrocarbon is.
4. Recall the names of five hydrocarbons found in crude oil and write the chemical formula for each one.
5. Recall two uses of each of the following components of crude oil.

(a) Petroleum gases
(b) Gasoline
(c) Naptha
(d) Kerosene
(e) Diesel oils
(f) Heavy crude oils

6. Explain why pure natural gas would be a very dangerous fuel.
7. Distinguish between a natural and a synthetic fibre.
8. Recall three examples of a synthetic fibre.
9. Explain how synthetic fibres such as nylon are manufactured.

10. Recall the meaning of the term ‘plastic’.
11. Define the term ‘polymer’.
12. Recall which element is contained in most monomers and polymers.

HOW ABOUT THAT!
In 1992, scientists in the USA found a way to grow plastic. The 
plastic was produced in small amounts by mustard plants after 
genetic engineers added the genes of a type of soil bacteria to 
the plants. These bacteria were able to produce granules of a 
natural polymer called polyhydroxybutyrate (PHB). This polymer 
is very similar to the one called PET (polyethylene terephthalate), 
which is used to make soft-drink bottles. Unlike synthetic 
plastics, PHB is biodegradable; that is, it can be broken down by 
microbes after it is thrown away.

In the not too distant future, plastic 
as we know it will be replaced by 
biodegradable plastics that can be 
grown from genetically modified plants 
like the Brassica napus (rapeseed) 
shown above.
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14.5 Make mine renewable
About 80 per cent of the world’s energy needs are supplied by fossil fuels. In 2010, fossil fuels provided 
about 94 per cent of Australia’s energy. Only 6 per cent is supplied by renewable energy sources. The fed-
eral government has set a target of at least 20 per cent of Australia’s energy supply being from renewable 
sources by the year 2010.

14.5.1 A question of responsibility
Most power stations on mainland Australia rely on coal to drive the turbines used to generate electricity. 
The problems caused by using a fossil fuel such as coal, including pollution and global warming, give us 
no choice but to look for alternative sources of energy. Governments, industry and power companies all 
have a responsibility to seek renewable alternatives. Even you, as a consumer, have a responsibility to make 
sensible choices about your energy use. The first step is to be aware of the problems caused by using coal 
and of other options for generating electricity.

14.5.2 Renewable options
Solar energy
Solar energy can be used by photovoltaic cells like those used to power the telephone booth in the 
 photograph below. Photovoltaic cells can also be used to power domestic hot water systems. Photovoltaic 

13. Recall the fibre that all Lycra suits contain and describe the properties that make it useful.
14. Explain how detergents remove fatty and oily substances from surfaces.

Think
15. Explain why brown coal is used to generate electricity in Victoria rather than black coal, even though black 

coal provides more energy per kilogram.
16. Identify the natural resource found in the Earth’s atmosphere that is essential for the burning of fossil fuels.
17. Describe some of the advantages that synthetic fibres have over natural fibres.
18. Identify the polymers formed from the following monomers.

(a) Ethene
(b) Vinyl chloride
(c) Styrene
(d) Propene

19. Explain why polyester is classified as a non-renewable resource while wool is classified as a renewable 
resource.

Imagine
20. Imagine if all the objects made from plastics suddenly disappeared. How would your life be changed? Write 

an imaginative piece describing this. You may wish to talk to someone over the age of 70 about life before 
plastics.

Investigate
21. Investigate and report on how the different components of crude oil are separated from each other in a 

fractionating tower.
22. Design an experiment to compare the strength of plastic supermarket bags with the strength of other types 

of bag. Ensure that your tests are ‘fair tests’.

 Complete this digital doc: Worksheet 14.2: Separating crude oil (doc-0000)

 Complete this digital doc: Worksheet 14.3: PVC — friend or foe? (doc-0000)

RESOURCES — ONLINE ONLY
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cells transform light energy from the sun into electrical 
energy that can be used immediately or stored in recharge-
able batteries.

Solar thermal power stations use curved mirrors that 
reflect sunlight onto tubes filled with oil. The hot oil is 
used to heat water to form steam, which drives the tur-
bines that generate electricity.

Wind energy
Wind farms dotted with wind turbines can be found in 
many countries throughout the world, including Aus-
tralia. A single wind turbine can provide enough energy to 
supply more than 700 average homes with the electricity 
they need. Wind energy is renewable because wind is 
caused by the uneven heating of the Earth and its oceans 
by energy from the sun.

Biomass
Biomass is a renewable fuel produced by the remains of 
living things. Dead and rotting plant and animal tissue 
produces gases such as methane, methanol and oils that 
can be used as fuels to drive small turbine electricity gen-
erators. Some small biomass electricity generators already 
exist in rubbish tips.

Ocean waves
The energy of ocean waves has been used to generate elec-
tricity on a wave ‘farm’ in Portugal since 2008. The up 
and down movement of the waves is used to drive motors 
that generate electricity. Ocean wave energy is renewable 
because the waves are produced by the effect of the wind 
on the ocean.

Tidal energy
The energy of rising and falling tides is used in several 
power stations worldwide. Reversible turbines are placed 
at the entrance to a bay in areas with extremely high and 
low tides. Water moving into and out of the bay drives the turbines as the tide changes. Tides are caused by 
the gravitational pull of the moon and the sun, so tidal energy is renewable.

Geothermal energy
The term ‘geothermal’ comes from the Greek words geo, meaning ‘of the Earth’, and therme, meaning ‘heat.

In parts of New Zealand and Iceland, energy transferred from rocks just below the Earth’s surface is used 
to turn water into steam and drive turbines in geothermal power stations. Other countries that use geothermal 
energy include the United States and Japan.

Hydro-electricity
About 5 per cent of Australia’s electricity is generated by hydro-electric power plants. This is a renewable 
energy source because it depends on solar energy and water. Heat from the sun evaporates water from the 

A solar-powered payphone

A wind farm at Cape Jervis, South Australia. 
Look at the base of the wind turbine tower 
— can you see the fence post? The tower is 
about 68 m tall, but the overall height at the 
tip of the blade is around 100 m.
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In a hydro-electric power station the turbines are 
driven by water falling through pipes from a high dam.

oceans. Clouds are formed and it eventually rains. 
The turbines in hydro-electric power stations are 
turned by water falling through pipes from very 
high and large dams.

14.5.3 The nuclear energy option
Nuclear power stations use energy released from 
the radioactive metals uranium or plutonium to boil 
water to produce the steam that drives turbines to pro-
duce electricity. Nuclear energy is a non- renewable 
energy source. Most of the world’s nuclear power 
 stations can be found in the United States, Europe, 
Japan and Canada.

14.5 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. How much of Australia’s energy will be supplied by renewable energy sources in 2020, according to the 

target set by the federal government?
2. List two ways of ensuring that the Earth’s supply of non-renewable energy resources doesn’t run out.
3. Describe two ways in which solar energy can be used to generate electricity.
4. Identify a non-renewable fuel that is not a fossil fuel.

Think
5. The turbines in coal-fired and hydro-electric power stations rotate in only one direction. Why are the 

turbines in tidal power stations reversible?
6. Which renewable energy options involve the use of heat from the sun? (Hint: There is more than one 

answer.)
7. Nuclear energy is a non-renewable energy source.

(a) Why is it classified as non-renewable?
(b) Is nuclear energy a fossil fuel? Justify your answer.

8. Most of the methods of generating electricity involve the use of turbines. Into what form of energy do 
turbines convert the energy of steam, falling water and other energy resources?

9. Each of the renewable energy options for generating electricity solves some of the problems caused by 
burning fossil fuels. However, each of them also has disadvantages. Describe the disadvantages of each of 
the renewable energy options.

Investigate
10. Choose one of the renewable energy options or nuclear energy and research it in more depth. Write a 

report, using diagrams where necessary, to show how this form of energy is used to generate electricity.

14.6 Mining for metals
Minerals containing metals of value are called mineral ores. It takes a lot of time, effort and money to 
get the rocks that contain the mineral ores out of the ground, separate the mineral ores from the rock and 
extract the metal element from the mineral ore. The mining of a mineral ore can take place only if enough 
of it is found at a single location.

The mining industry makes a major contribution to Australia’s economy. Apart from the profits that go 
to shareholders in mining companies and to the government in taxes, the mining industry employs many 
thousands of Australians. Scientists and engineers are involved at every stage of the mining process.
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14.6.1 Mineral exploration
Geologists make use of satellites equipped with cameras, 
radar and other sensors to search for geological features 
that are likely to contain high concentrations of minerals. 
 Minerals in the crust dissolve in rain and running water and 
are washed into creeks and rivers. A chemical analysis of 
the sediments and surface water of lakes and streams, there-
fore, provides evidence of the presence of minerals in the 
area.

The magnetic properties of large bodies of rocks con-
taining some minerals can be detected from aircraft or by 
geological surveyors on the ground. Samples of soil and 
rocks are taken using portable equipment. On average, only 
one in 1000 sites that are sampled is eventually mined.

If there is sufficient evidence of useful mineral deposits 
that might be worth mining, a licence must be obtained before 
any clearing is done or heavy drilling equipment is brought 
in. Helicopters are sometimes used to bring in heavy equip-
ment to protect sensitive ecosystems. Drilling allows mining 
companies to have a detailed look at what lies beneath the 
surface. Mining companies are required by law to clean up 
exploration drill sites and ensure they are left as they were  
found.

14.6.2 Taking out the mineral ore
In order to obtain mineral ore from the ground, it is necessary to remove large amounts of rock and soil. 
The way this is done depends on how close the mineral ore is to the surface. If it is close to the surface 
the vegetation and topsoil are removed. The waste rock removed from beneath the topsoil is called the 
overburden. The removed topsoil and overburden are used to fill areas that have already been mined, or 
they are left in a pile to restore the newly mined area when mining is completed. This method of mining is 
called open-cut mining.

If the mineral ores are deep below the surface, underground mining is undertaken. This method of 
mining is more dangerous and expensive than open-cut mining. Shafts and tunnels are dug up to four kilo-
metres into the ground to reach the rocks containing the mineral ore.

The development of open-cut and underground mining is overseen by mining engineers. Mining engi-
neers use scientific knowledge from a number of branches of science to design mines and the plants in 
which the metals of value are extracted. They are also involved in ensuring that damage to the environment 
is minimised.

Geological surveyors use simple equipment 
such as pick hammers to collect samples 
of rock.

Helicopters are sometimes used to bring 
heavy equipment into mines.

INVESTIGATION 14.2

Searching without disturbing
AIM: To demonstrate the difficulty of finding mineral ores

You will need:
tray of sand
blindfold (optional)
paper and clipboard
10 paperclips
compass
ruler
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14.6.3 Getting the metal
Obtaining the metal from the rock containing the mineral ore 
usually takes place in three stages.
1. Mineral extraction. The rock taken from the ground is 

a mixture of the mineral ore and waste substances such 
as sand and other unwanted minerals. These substances 
are called gangue. Mineral extraction involves crushing, 
grinding and washing the rock to separate the mineral ore 
from the gangue.

2. Metal extraction is the removal of the metal element from 
the mineral ore. This always involves chemical reactions. 
It often involves smelting, in which the mineral ore is 
melted. Smelting is used in the extraction of iron, copper 
and zinc ores. Extraction of aluminium from ore is achieved 
by electrolysis of molten aluminium ore. This involves 
passing an electric current through the molten ore. This is a 
very expensive process because of the amount of electrical 
energy needed. The high cost of aluminium extraction is 
one of the reasons that recycling of aluminium cans is so 
important.

3. Purification of the metal. The metal obtained from the 
extraction process still contains impurities. These are 
removed, leaving behind the pure metal. Copper and zinc 
are purified by electrolysis.

During the smelting process of copper, 
some of the impurities are removed from 
the mineral ore.

• With a partner, draw two identical maps of the sand tray. Use the ruler to construct a grid on each map. The 
grids need to be labelled across the top and down the side (e.g. A–J across the top, 1–15 down the side) and 
should consist of at least 100 equal rectangles or squares.

• Without showing your partner, hide the paperclips in the tray of sand and mark the location of the 10 paperclips 
on your map.

• Your partner’s task is to locate the 10 paperclips and mark them on the map without disturbing the sand. You 
might wish to set a time limit.

• Swap roles and repeat the previous steps.

Discussion
1. What property of the paperclips was used to locate them?
2. How could your predictions of the locations be checked with a pencil?
3. After checking, can the sand be restored to its initial condition?

14.6 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Describe the method of open-cut mining for removal of mineral ores from the ground.
2. Construct a two-column table. In the first column, list the three stages involved in obtaining a pure metal 

element after the rock containing its mineral ore is taken from the ground. In the second column, describe 
the purpose of each of the three stages.

3. Define the term ‘gangue’.
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Think
4. The most common single element in the Earth’s crust is oxygen. This element is a gas except at extremely 

low temperatures. In what form is the element found in the Earth’s crust?
5. Explain why helicopters are sometimes used instead of trucks to bring heavy equipment into mine sites.
6. List the branches of science that you would expect a mining engineer to have an understanding of in order 

to design mines and extraction plants.
7. Construct a two-column table. In the first column, compile a list of scientific and engineering experts that 

a mining engineer would consult during the design of a mine and extraction plant. In the second column, 
briefly describe the different tasks that each of the experts might assist with.

Investigate
8. Long before the big mining companies began exploring for and extracting minerals, Australian Aboriginals 

extracted a mineral called ochre from the ground.
(a) Investigate and report on:

(i) which chemical compound is found in all ochre
(ii) how ochre was used by Australian Aboriginals
(iii) how ochre was mined.

(b) Suggest how the knowledge of mining possessed by Aboriginal and Torres Strait Islander peoples could 
be used to help in the management of natural resources in the twenty-first century.

Investigate and create
9. Construct a flow chart to show how one of the metals — copper, aluminium, iron or zinc — is extracted 

from the rock containing its mineral ore. Identify the parts of the extraction process that correspond to:
(a) mineral extraction
(b) metal extraction
(c) purification.

  You will need to use the internet, a library or your own resources at home to gather information about your 
chosen metal.

14.7 Mining and the environment
Mining provides metals that we can’t seem to live without, provides the fuel used to generate electricity 
and creates great wealth for some Australians. Mining provides many jobs and brings Australia income, 
which helps maintain the high living standards of Australians.

However, some forms of mining leave scars on the face of the Earth by making big holes in the ground 
and removing vegetation. Mining can damage the habitats of animals and plants, pollute the water and air, 
and leave nasty-looking piles of waste soil and rock. Mining companies, just like individuals, are expected 
to be good citizens and responsible members of the community. The economic benefits of mining have to 
be balanced against the social and environmental 
responsibilities.

The development of mines to exploit the nat-
ural resources below the surface always causes 
arguments. The decision about whether mining 
should take place, or how it should take place in 
a particular location, is never a simple one.

14.7.1 To mine or not to mine?
To decide whether it will be profitable to mine 
and extract a metal, a mining company must 
consider:
 • the amount of mineral in the ore body
 • the selling price of the metal

Preparation of a waste rock dump before rehabilitation 
(Now turn the page.) © Xstrata Copper
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 • the costs involved in mining the mineral ore (this depends on the location and depth of the ore body)
 • the cost of extracting the metal from the mineral
 • the cost of minimising and repairing damage to the environment
 • the intended use of the land when mining is completed
 • any compensation that needs to be paid to the local population.

14.7.2 You can’t start until …
In the past, mining was often carried out without considering its long-term effect on the environment and 
the people who live and work in the area. Today, however, an environmental impact statement (EIS) 
must be prepared before a mining operation can commence. This statement outlines how the mining com-
pany intends to manage all environmental aspects of the proposed mine. It also outlines how the land will 
be rehabilitated or reconstructed, so that it can be used again after the completion of the mining.

The environmental impact statement, along with any other relevant information, is studied by the 
 government before permission to proceed is granted.

The EIS will report on:
 • existing flora, fauna and soils
 • existing towns and roads in the area
 • proposed new towns, roads and other developments
 • how the new development might affect the local community and environment
 • alternative plans to complete the development that might have less impact on the environment
 • measures that will be put in place to monitor and control air, water and noise pollution during the project 

and while rehabilitation is undertaken
 • rehabilitation proposals for the area.

14.7.3 Rehabilitation
Before mining of a new site 
begins, seeds of the natural 
vegetation of the area are col-
lected so that seedlings may be 
cultivated at a later stage. The 
seedlings are grown in special 
nurseries until they are mature 
enough to return to the site of 
the mine.

During open-cut mining, 
the overburden (the material 
removed from the site to expose 
the mineral ore or coal) is used 
to fill holes left from earlier 
stages of the mining operation. 
Fresh topsoil is used to cover 
the overburden to ensure that new vegetation will grow. The soil surface is shaped to fit in with the sur-
roundings, fertilised and sown with seeds or planted with seedlings. Care is taken to shape the new surface 
to prevent the newly sown soil from being eroded or washed away by wind or rain.

14.7.4 Waste products
The waste products released as a result of some forms of mining can pollute air and water. Many mineral 
ores are compounds of the element sulfur. For example, the copper ore chalcocite is copper sulfide (Cu2S) 
and the lead ore known as galena is lead sulfide (PbS).

Progressive rehabilitation of the rock waste dump © Xstrata Copper
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One of the major pollutants released during the extraction of metals from their mineral ores is sulfur 
dioxide gas. Sulfur dioxide is also released during the burning of coal. Some of the sulfur dioxide released 
can be used to make sulfuric acid, which is used to make fertilisers and in industrial processes. The 
remainder is released into the atmosphere from towers up to 400 metres high. The high towers are used 
to spread the gas more widely into the atmosphere. The release of sulfur dioxide at ground level would 
endanger wildlife, people and property.

14.7.5 Acid rain
Sulfur dioxide reacts with moisture in the air to produce sulfurous acid (H2SO3) and sulfuric acid (H2SO4). 
When rain falls to the Earth carrying H2SO4 with it, it is called acid rain. Acid rain collects in streams, 
rivers and lakes, causing harm to animals and plants. It also damages buildings, bridges, statues and other 
structures. One of the major causes of acid rain in the Northern Hemisphere is the burning of coal with a 
high sulfur content in power stations. Australian coal has a very much lower sulfur content than the coal 
used in North America and Europe, and so acid rain is less of a problem here.

14.7.6 The solid wastes
The solid waste products of metal extraction are called tailings. The tailings are stored in tailings dams 
until they can be dried out and chemically treated to remove toxic chemicals. The tailings often contain 
small amounts of other valuable minerals that can sometimes be removed. In some cases, when a mineral 
extraction plant is near the sea, the tailings are discharged into the water.

When tailings are stored, some of the elements in them form acids that can dissolve in rainwater and leak 
into the ground. This leaking process is called leaching. The poisonous liquids can cause major damage to 
the surrounding environment and watercourses, endangering animals and plants.

Plants are grown over tailings dams to reduce leaching, and also to improve their appearance. This also 
helps to prevent the erosion of tailings material into streams or waterways nearby.

14.7.7 Learning from mistakes
The consequences of mining with little regard for the environment can still be seen at the town of Queens-
town on the west coast of Tasmania. Copper mining and smelting began in the area in 1902. There was little 
control over the pollutants that were released 
into streams and the surrounding air. During 
the same period, extensive tree felling and 
 bushfires almost cleared the land of vegeta-
tion. The polluted air prevented most new 
plant growth and rain washed away much of 
the topsoil. The entire site became barren and 
desolate.

Although smelting ceased in the 1960s, 
mining continued until 1994. Since then, 
Copper Mines of Tasmania has undertaken a 
major rehabilitation program to restore nat-
ural vegetation and minimise further damage 
to the environment. The most difficult task is 
to contain the leaching of tailings to protect 
waterways.

Queenstown, Tasmania
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INVESTIGATION 14.3

Now it’s your turn
AIM: To identify the benefits and disadvantages of mining

A large mining company proposes to mine uranium ore in an area surrounded by a large national park. It already 
operates a uranium mine and a treatment plant nearby. The company has provided an environmental impact 
statement that includes the points listed below.
• All mining will be underground. Approximately 25 per cent of the area required for construction will be 

rehabilitated immediately. When the mining operation ceases, the whole site will be rehabilitated.
• Radiation from the mine will be well below the internationally accepted safety levels, and there will be no risk 

to the local community.
• There will be no interference with areas of significance to the local Aboriginal people.
• The project will employ almost 300 people and boost the economy of the town closest to the mine.
• The local Aboriginal community will receive millions of dollars in royalties from the company.
• Worldwide production is not keeping up with the increasing demand for uranium in nuclear power stations.
The concerns already expressed by those opposing the mine include:
• The mining operation will affect the Aboriginal communities and the cultural heritage value of the area. 

A number of ancient pieces of Aboriginal rock art could be disturbed and affected by the amount of dust 
raised by the operation.

• The mine will be a visual eyesore, spoiling the national park and damaging the growing tourism in the area.
• Despite the assurances of the mining company that the radiation levels will not be dangerous, there is no 

guarantee that the employees, the environment and people who live nearby will not be affected by radiation.
• The clearing of land and the mine’s operation will interfere with plant and animal life in the national park.
• The mining of uranium encourages the use of nuclear power stations to provide electricity. Uranium mining 

should be banned and the use of solar energy encouraged.

Discussion
1. Make a list of all the people or groups of people who might be directly affected by or interested in the 

proposed uranium mine and its impact.
2. Construct a table that lists all of the interested parties in a column running down the left side. Across the top 

of the table list each of the issues that need to be discussed (e.g. the environment, the economy). Then fill in 
the table by writing down how you think each interested party would feel about each of the issues raised.

3. Organise a forum within your class to debate whether the mine should go ahead. Each of the interested 
parties could be represented by one or more students.

4. Make a decision to either reject or accept the proposal to mine uranium in the area.

14.7 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall what an EIS is.
2. Describe what information an EIS includes.
3. Explain what is meant by the rehabilitation of land.
4. Describe how a mining company rehabilitates land used for mining.
5. Identify the major air pollutant released during the extraction of metals from their ores.
6. Recall what problem is created by coals containing high quantities of sulfur.
7. Explain why Australian coal is sometimes described as a ‘clean’ variety of coal.
8. Recall what tailings are.

Think
9. Describe what factors should be considered by a mining company when deciding whether to begin a mining 

project.

UNCORRECTED P
AGE P

ROOFS



TOPIC 14 Earth’s precious resources 569

c14EarthsPreciousResources Page 569 11/07/17  6:45 PM

10. In a table like the one below, make a list of the benefits and disadvantages of mining.

Benefits Disadvantages

   

11. Explain why an EIS is necessary before mining commences.
12. The recycling of metals, especially aluminium, is encouraged because of the amount of energy that can be 

saved. Propose some other arguments to support the recycling of metals.

Investigation
13. What is meant by ‘sustainable development’? Use the internet to Investigate and report on statements 

made by large mining companies such as Rio Tinto and BHP Billiton about sustainable development.

 Watch this eLesson: Mining and Australia’s environment (eles-0128)

 Complete this digital doc: Worksheet 14.4: Mining and the environment (doc-0000)

 Complete this digital doc: Worksheet 14.5: Acid rain (doc-0000)

RESOURCES — ONLINE ONLY

14.8 Using metals
More than three-quarters of the 92 naturally occurring elements are metals.

Most metals have the following useful properties. They are:
 • malleable (can be beaten into a variety of shapes)
 • ductile (can be drawn into a wire)
 • good conductors of heat and electricity
 • lustrous (shiny).

14.8.1 Versatile metals
The strength and hardness of iron make it ideal for constructing buildings and machinery. Aluminium is 
light and malleable, making it suitable for use in cooking utensils, aircraft, boats and caravans. Tin, like 
aluminium, is very malleable but is very expensive because it makes up only about 0.001 per cent of the 
Earth’s crust. Copper is a very good conductor of electricity and does not corrode as quickly as iron. Lead 
is very soft and heavy and can be easily beaten into shape. Chromium is very shiny when polished and is 
resistant to corrosion. Tungsten has a very high melting point and is hard, making it suitable for filaments 
in light globes and high-speed drill bits.

HOW ABOUT THAT!
Many civilisations, such as the ancient Roman 
Empire, prospered because they were able to 
develop better weapons than their enemies, using 
metals like iron.

The Roman gladius, a short iron sword, allowed 
the Roman legions to rule the Mediterranean world 
for over 400 years. The long shield was often used by 
groups of soldiers to form a protective wall and roof 
known as a testudo (tortoise) around themselves.
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INVESTIGATION 14.4

Electroplating
AIM: To cover a metal with another metal

You will need:
250 mL beaker
copper electrode
clean iron nail
3 connecting wires
1M copper sulfate solution
6 volt power supply or battery

• Half-fill the 250 mL beaker with copper 
sulfate solution.

• Connect the circuit as shown in the 
diagram below. The nail must be 
connected to the negative (black) 
terminal of the power supply. Ensure that the copper electrode and nail do not touch each other.

• Allow the electric current to flow through the circuit for about 5 minutes.
• Remove the nail.

Discussion
1. Describe the appearance of the nail.
2. Does the plating metal wear off?
3. Where do you think that the substance coating the nail came from?

Iron nail

Copper
electrode Power

supply

Copper sulfate
solution

14.8.2 Don’t change it — cover it up
One way of overcoming the shortcomings of a metal is to cover it with a thin layer or ‘plate’ of another 
metal. This can be done by electroplating the metal. The process of electroplating is described in 
 Investigation 14.4. Metals like silver, gold, nickel, chromium, zinc and tin can be plated onto iron objects to 
improve their appearance, reduce cost or protect them from corrosion. For example, the chromium plating 
on bicycle handlebars improves their appearance and reduces corrosion. Silver-plating knives, spoons and 
forks makes them look like silver even though they are made of a cheaper metal. Electroplating provides 
the shiny coating on teapots, car parts and many other items.

14.8.3 Taking advantage of the properties
By mixing metals with other metals and with non-metals to form alloys, their properties can be changed 
to make them more suitable for particular purposes. For example, although iron is quite hard and strong, it 
corrodes quickly and is dull. On its own it is not strong enough to support the loads required of structures 
like bridges and buildings, cranes and railway lines. Iron is combined with varying quantities of other ele-
ments to form steel.

Carbon steel is an alloy of iron with differing amounts of carbon. The presence of carbon makes the 
steel stronger than iron, its base metal. The steel used to make hammers and similar tools contains more 
carbon than the steel used to construct the steel panels used to make cars. By including tungsten in steel, 
its melting point is increased. Stainless steel is an alloy of iron, chromium and nickel. The added metals 
increase its resistance to corrosion and make it more shiny.UNCORRECTED P
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Alloy Main components Properties and uses

Cupronickel Copper and nickel Resistant to corrosion; durable; used for silver-coloured coins ($1 and 
$2 coins contain more copper and some aluminium as well as nickel)

Bronze Copper and tin Resistant to corrosion; durable; harder than copper and tin; gold in 
colour; used in statues and ornaments

Brass Copper and zinc Resistant to corrosion; malleable; durable; harder than copper and 
zinc; gold in colour; used in ornaments and decorative fittings

Stainless steel Iron, nickel and chromium Resistant to corrosion; malleable; shiny when polished; used in eating 
utensils, kitchen sinks and medical instruments

Cast iron Iron, carbon and silicon Harder and stronger than iron; not malleable but is shaped when 
molten by pouring into a mould; used to make car engine blocks, 
machinery, fire hydrants and some building materials

Carbon steel Iron and carbon Harder and stronger than iron; used in buildings, bridges, car and 
bicycle frames and kitchen appliances

Tungsten steel Iron, carbon and tungsten Hard, strong and resistant to high temperatures; used in tips of high-
speed drills and mining drills

Some alloys of copper and iron

14.8 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall four properties of metals that make them useful materials.
2. Define the term ‘alloy’.
3. Recall three possible benefits of electroplating.

Think
4. Explain why alloys are more commonly used than pure metals.
5. Explain why tungsten steel is more heat resistant than carbon steel.
6. Most of the alloys in the table above include small amounts of elements other than those listed. Explain 

why these small amounts may be present.
7. Account for the fact that electroplating a metal object can make it cheaper.

Imagine
8. Imagine a world without metals! Construct a list of items that could no longer be manufactured if a 

mysterious force from outer space suddenly destroyed all metals in the Earth’s crust. Where possible, 
suggest materials that could be used to replace the metals used in these items.

Investigate
9. Investigate the main components, properties and uses of each of the following alloys: solder, nichrome, 

amalgam, alnico, Wood’s metal, duralumin, carboloy and pewter. Organise your findings in the form of a 
table similar to the one shown above.

10. Identify which property of metal makes it suitable for certain uses by completing the ‘Time Out’ Metals 
interactivity.

Complete this digital doc: Worksheet 14.6: The uses of metals (doc-0000)

 Try out these interactivity: ‘Time Out’ Metals (int-0757)

RESOURCES — ONLINE ONLY
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14.9 Avoid, re-use or recycle
Almost half of the waste that  Australians throw out as household rubbish consists of packaging and food 
containers made from plastic, glass, metal and paper (or cardboard). These materials are all made or 
extracted from the Earth’s natural 
resources. Food and plant waste are 
biodegradable. They can be broken 
down in the soil by microbes and 
other decomposers such as worms. 
Even paper and cardboard break 
down fairly quickly. However, 
plastic, glass and metal are not biode-
gradable. If they are thrown out with 
other household rubbish such as food 
and garden waste, they are buried 
in landfill tips like the one pictured 
below. They take hundreds or even 
thousands or years to break down. 
This creates the need for more rub-
bish tips. Of course, there is a limit to 
how much land can be used for rub-
bish tips in and around major towns 
and cities.

14.9.1 Think about packaging
At least three questions should be asked before you buy a packaged product:
 • Is the product available without packaging or with less packaging?
 • Is the package recyclable?
 • Is the package re-usable or biodegradable?

If the packaging is plastic, glass, aluminium or steel, it is probably recyclable, saving non-renewable 
resources, energy and even water.

14.9.2 It’s in the bag
Plastic supermarket bags are not recyclable and they interfere with the automatic sorting machines in 
recycling plants. In 2009 Australians disposed of more than 20 000 tonnes of plastic bags in landfills. To 
make matters worse, many discarded plastic bags end up in creeks, rivers and the sea. Marine animals 
such as whales and seals can swallow them and choke or get tangled in them, eventually dying of star-
vation. Turtles and some sea birds mistake them for jellyfish and eat them, causing them to choke or 
be unable to digest food. There is a simple way to avoid these problems. Don’t use them! Use reusable  
bags instead.

14.9.3 Looking after your PET
There are two very good reasons for recycling plastics:
 • Plastics are non-biodegradable. That is, they are not broken down naturally by micro-organisms. Plastics 

add thousands of tonnes of new rubbish to the environment every year.
 • Plastics are made from oil — a resource that is expensive and dwindling. The continued production of 

new plastic is not sustainable.

Dumping rubbish in a landfill tip is not just unsightly and smelly. It 
is not sustainable. Poisonous chemicals in the rubbish can leak into 
the soil and end up in rivers and streams, endangering living things.
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Household waste contains many different types of plastic, which need to be separated. The plastics 
industry has introduced a code system to help consumers identify recyclable plastics. The symbols shown 
below make the sorting of plastics before recycling easier and cheaper. Some plastics are more easily 
recycled than others because of differences in the structure of the chains of molecules of which they  
are made.

PETE

1
PET or PETE (polyethylene terephthalate) is used to make plastic soft-drink bottles. Most 
commonly known as PET, this plastic is recycled to make carpet fibre and flower tubes. Empty PET 
bottles completely and remove the lids before placing them in a home recycling bin. The lids are 
recyclable, but their small size makes the sorting process awkward.

HDPE

2 HDPE (high-density polyethylene) is used to make plastic milk and fruit juice bottles. This plastic 
is recycled to make bottles, crates, pipes, ‘wheelie’ bins and playground equipment. Empty HDPE 
bottles completely and remove the lids before placing them in a home recycling bin.

V

3
Polyvinyl chloride, more commonly known as PVC, is used to make pipes, fencing and bottles 
containing substances other than food. It is not easily recycled and can be dangerous to your 
health and the environment. PVC bottles can be placed in your home recycling bin as long as 
the lids are removed. They are separated from the more easily recyclable plastics and sent to a 
separate plant for processing.

LDPE

4
LPDE (low-density polyethylene) is used to make wash bottles and other containers. These are 
recyclable and can be placed in your recycling bin. LPDE is also used to make supermarket 
plastic bags, which should not be placed in your home recycling bin. These bags interfere with the 
automatic sorting machines in recycling plants. It is best to avoid them by using reusable shopping 
bags instead.

PP

5
PP (polypropylene) is used in synthetic fibres to make clothing, industrial fibres, car batteries, 
bumper bars and other car parts. Although these products are not appropriate for your recycling 
bin, polypropylene can be recycled for use in carpet, furniture, white goods and even polymer bank 
notes. Most car workshops, scrap metal dealers and service stations will accept used car batteries 
for recycling.

PS

6
Polystyrene is a very light plastic used in solid form to make plastic cutlery, toys and cases for CDs 
and DVDs. In its softer foam form, it is used for disposable drinking cups and packing materials. 
Polystyrene products should not be placed in home recycling bins. The lightness of polystyrene 
foam makes it difficult to sort and recycle. Although all polystyrene can be recycled, it is a very 
expensive process.

OTHER

7 Other plastics, including nylon, fibreglass and polycarbonate, are not generally recycled and should 
not be placed in your home recycling bin.

14.9.4 See-through recycling
About 45 per cent of the glass packaging used in Australia is recycled. Used glass bottles, known as cullet, 
are collected and melted down in a furnace to produce new products. The overall energy saving is only 
8 per cent of that used in making new glass. This is because of the high cost of collecting and melting down 
the bottles. In some countries, milk is sold in bottles that can be sterilised and reused up to 50 times before 
they need melting down, which saves a large amount of energy.
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14.9.5 Saving trees
Over a million tonnes of paper, about a third of our annual consump-
tion, is recycled in Australia. Paper is made out of fibres of the chem-
ical cellulose and is relatively easy to recycle. Waste paper is first 
mixed with water to separate the fibres. Additives such as ink and 
adhesives are then removed, producing low-quality fibres that can be 
used to make cardboard and other products. Steam rollers are used to 
improve the quality of the finished paper.

Although the timber used to make paper is a renewable 
resource, we are using it more quickly than it regrows. If this 
continues, the habitats of many animals and other plants will 
slowly disappear, eventually resulting in extinction. Recycling 
paper reduces the amount of new paper needed, saving millions  
of trees.

14.9.6 And metal too!
Metals such as steel and aluminium are easily recycled as long as they 
can be cheaply separated from other rubbish. Steel cans, aerosol con-
tainers, jar lids and bottletops can be recycled. The recycling of alu-
minium cans saves huge amounts of energy. Twenty aluminium cans 
can be recycled with the same amount of energy needed to produce 
just one new can.

14.9.7 Sorting it out
The separation of the items in your recycling bin relies on differences 
in their physical properties including size, weight, magnetic properties 
and even colour. For example, items of different weights can be sepa-
rated using blasts of air or a centrifuge that works like the spin dryer 
of a washing machine. Steel can be separated from other metals by a 
large magnet.

This compost bin, made 
from recycled polypropylene 
(PP), is 220 L in capacity and 
is sold to various councils 
across Australia. The compost 
decreases in volume as it breaks 
down. Almost 50 per cent of 
domestic waste in Australia is 
material suitable for composting.

Recycling aluminium cans. About 
70 per cent of the aluminium 
cans used in Australia each year 
are recycled.

INVESTIGATION 14.5

Design your own waste disposal system
AIM: To investigate waste management

Your group is responsible for preparing a report on ways to improve the household waste management and 
disposal for the shire of Green Valley.

The shire currently collects rubbish from its 134 500 ratepayers using large green bins that are emptied by 
compactor trucks. The rubbish is taken to the local tip and used as landfill, at a cost to the council of $60 per 
tonne. The tip is nearing capacity and will be closed within twelve months. Waste paper is collected separately 
by a private recycling company.

Discussion
Produce a report in written form or as an audio or a video file. Your report should address the following issues.
1. How will the shire encourage each household to produce less waste?
2. Is recycling too costly?
3. If recycling occurs, will recyclable wastes such as plastics, glass and metals be separated at a disposal 

station after collection, or collected in separate containers from households?
4. What measures will be used to encourage households to use compost bins?
5. How will the shire dispose of rubbish when the landfill site closes?
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14.9.8 Special recycling programs
There are separate recycling programs for some products that cannot be placed in home recycling bins. 
These recycling programs are generally used to collect products containing substances that would endanger 
the environment or the community if they were dumped in landfill tips. For example, printer cartridges 
can be placed in recycling boxes at many Australia Post outlets and retail stores that sell computers and 
printers. Mobile phones can be left at most mobile phone outlets for recycling. Use the Recycling weblink 
in the Resources tab to find out where computers and other electronic equipment, white goods such as 
fridges and washing machines, corks, light globes and many other items are collected for recycling. This 
site also provides information about how to dispose of chemical wastes from home, school or industry. Oil, 
paints and unused medicines should not be placed in rubbish bins or flushed down the sink.

14.9.9 You can make a difference
The three bin collection system used by many city and shire councils throughout Australia makes it very 
easy for you to make a difference to the environment by recycling.

During the twelve months to June 2009, Hornsby Shire in NSW recycled 18 000 tonnes of paper. That’s 
the equivalent of:
 • saving over 299 000 gigajoules of energy. That’s enough to power 13 870 homes for a year!
 • preventing 9032 tonnes of greenhouse gas from entering the atmosphere. That’s like taking 2169   

vehicles off our roads — permanently!
 • saving over 298 million litres of water. That’s enough to fill 119 Olympic-sized swimming pools!

Imagine the combined effect of all cities and shires Australia wide!

14.9 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. How are biodegradable substances different from those that are not biodegradable?
2. What are the main benefits of recycling plastics?
3. Why are plastics such as PET now identified by a code?
4. What is cullet?
5. The first part of the process of recycling paper involves mixing it with water. What is the major purpose of 

mixing the paper with water?
6. List three problems associated with the disposal of waste in landfill sites.
7. Why is only a small amount of energy saved when glass is recycled?

Think
8. Identify at least two of the Earth’s natural resources that are used to recycle each of the following.

(a) Glass
(b) Cardboard

9. Identify two of the Earth’s natural resources that are conserved by recycling each of the following.
(a) Plastics
(b) Aluminium

10. Using timber for paper products more quickly than trees can be replaced threatens the habitats of animals 
and other plants. Describe two other problems caused by tree removal.

11. What factors influence the decision as to whether it is worth recycling a resource?
12. If a plastic bag manufacturer claimed that the bags it produced were biodegradable, what evidence would 

you need to be satisfied that the claim was correct?
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14.10 Water world
Water is essential for life on Earth. It is therefore our most precious resource. There is certainly plenty of 
water on the planet. Two-thirds of the Earth’s surface is covered with water, but almost all of it is salt water 
in the oceans. The rest exists as ice in the polar regions, rivers, lakes and glaciers.

Water is constantly moving and changing states. It is in the oceans, in the icecaps and also in the air as 
water vapour. Heat from the sun makes water from the oceans evaporate slowly and form water vapour. 
The invisible water vapour rises with the warm air. When 
the water vapour becomes cold enough, it condenses to form 
clouds of tiny water droplets. The clouds are visible and are 
kept up by the air moving around them. If a cloud is close to 
the ground it is known as fog.

At high altitudes the air is very cold. When thick clouds 
reach this very cold area, the water droplets in them join 
together to form larger droplets, which are too heavy to be held 
up by moving air. The large droplets fall to the ground as rain.

Rainwater falls into the sea or runs over the ground into 
rivers and streams, eventually reaching the sea. This constant 
movement of water between the various states is called the 
water cycle.

Water droplets
fall as rain.

Rainwater run-off

Water
evaporates.

The water cycle

Clouds form.

Sea or lake

The water cycle

Create
13. Draw a poster that could be used to encourage people to do one of the following.

(a) Recycle all plastic products
(b) Reduce their use of LDPE plastic bags
(c) Separate household rubbish into different bins for more efficient recycling
(d) Recycle paper used at school
(e) Recycle newspaper
(f) Recycle aluminium cans

14. Use the Recycling weblink in the Resources tab to find out how you can dispose of each of the following 
substances at a nearby location.
(a) Unwanted paint
(b) Used motor oil
(c) Unwanted and out-of-date medicines
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INVESTIGATION 14.6

Water in the air
AIM: To demonstrate water vapour in the air

You will need:
very cold can of soft drink
towel

• Dry the outside of the can and allow it to stand on a bench or table.
• Observe what happens to the outside of the dry can.

Discussion
1. What change occurred on the outside of the can?
2. Where did the water come from?
3. What change of state has occurred?

INVESTIGATION 14.7

Forming clouds
AIM: To demonstrate how clouds are formed

You will need:
250 mL beaker
ice cubes
watchglass
heatproof mat, Bunsen burner and matches
tripod and gauze mat
safety glasses

• Half-fill the beaker with water and heat it until the water is boiling.
• Stop heating and cover the beaker carefully with a watchglass. Observe the bottom 

of the watchglass.
• Remove the watchglass and heat the water again until it boils.
• Stop heating and turn off the gas supply. Quickly but carefully, cover the beaker with a watchglass containing 

ice cubes.
• Observe the area under the watchglass.

Discussion
1. Describe what happened to the bottom of the watchglass when you first boiled the water.
2. Describe what happened in the beaker just below the watchglass containing ice cubes.
3. What changes of state took place?

Forming clouds 
in a beaker

14.10.1 Global warming
During daylight hours, heat from the sun enters the atmosphere and warms up the Earth’s surface. At night, 
heat from the surface escapes through the atmosphere. Some of the gases in the atmosphere, including 
carbon dioxide, trap some of the heat. This trapping of heat is called the greenhouse effect.

Without a natural greenhouse effect, the Earth would be too cold to sustain life as we know it. Together, 
plants and animals help to keep the gases in the atmosphere in balance. During the day, plants take in 
carbon dioxide to help them make their own food. In doing so, they produce and release oxygen. Animals 
do the reverse, breathing in oxygen and breathing out carbon dioxide. For a very long time the amount of 
carbon dioxide and oxygen in the atmosphere has been fairly constant.

However, over the past 200 years the amount of carbon dioxide and some other heat-trapping gases has 
increased. As a result, the Earth’s temperature is beginning to rise. The rising temperature is known as 
global warming. Two of the main reasons for global warming are:
 • the burning of fossil fuels. Each year the world’s population adds almost 30 billion tonnes of carbon 

dioxide to the atmosphere by burning fossil fuels — and the amount is growing year by year.
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 • the clearing of forests. Trees absorb carbon dioxide from the air and produce oxygen. As forests are 
cleared, this means of keeping the gases in the atmosphere in balance is removed. In Australia, two-
thirds of all forests that existed 200 years ago have been cleared.

14.10.2 Global warming and the water cycle
The increase in the Earth’s temperature is likely to have an impact on the water cycle and therefore the 
world’s climate. There is already evidence that in Antarctica, where 70 per cent of the world’s fresh water 
is stored as ice, the coastal ice shelf and glaciers are melting. The permanent cover of ice in the Arctic 
Circle is shrinking by an estimated 9 per cent every 10 years. As the polar icecaps shrink, rising sea levels 
could cause flooding of some islands and coastal cities. During the past 50 years, hydrologists have gath-
ered evidence to suggest that climate change has already changed the water cycle and caused:
 • less snow in high mountain regions
 • more rain during wild storms and cyclones
 • snow to melt earlier in the year.

Changes in the water cycle may also cause more heatwaves, droughts and bushfires.
Evidence that the water cycle is changing is gathered with technology such as:

•  satellites and planes carrying sensors that collect information about clouds and surface moisture
•  probes and other instruments to detect moisture in the Earth’s crust and soil
•  instruments that measure the flow of water on and below the surface
•  radar to detect the presence and properties of clouds.

The massive amount of data collected by sensors and other instruments is used in computer simulations 
to improve our understanding of the water cycle, climate and weather. These computer simulations enable 
us to predict weather and future changes in the water cycle with more certainty and improve the sustainable 
management of water.

Cyclone Tracy, which devastated Darwin on Christmas Eve in 1974, 
killed 65 people (16 at sea) and injured 650. Nearly 70 per cent of 
homes were destroyed. Some 35 000 people had to be evacuated. 
Global warming could cause an increase in the number of cyclones like 
Cyclone Tracy.
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14.11 Water management
Science as a human endeavour
Apart from Antarctica, Australia is the driest continent on Earth. Yet Australians are the third highest users 
of water per person in the world, surpassed only by the United States and Canada. In cities, households use 
59 per cent of the available water. More than half 
of this is used for watering gardens and flushing 
toilets.

Until recently, people in major coastal cities had 
taken for granted the supply of clean water suit-
able for drinking. There was enough clean water 
available in dams to use for watering lawns and 
gardens, washing the car and filling swimming 
pools. However, in recent years, droughts have 
been responsible for severe water restrictions 
in most major cities and many smaller regional 
towns. According to a clear majority of scientists, 
climate change will result in an increase in the 
number and length of droughts.

14.10 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Explain why water is described as our most precious resource.
2. Recall where most of the Earth’s water is found.
3. Recall why sea water evaporates.
4. Explain what clouds are and how they form.
5. Describe the greenhouse effect and explain why it is important for life on Earth.
6. Recall two main reasons for global warming.
7. Explain how global warming is changing the water cycle.
8. Explain how evidence for changes to the water cycle is collected.

Think
9. Explain why some clouds pass over without producing rain.

10. Identify the changes of state that can be seen in the water cycle.
11. Explain why the water vapour in clouds condenses.
12. Explain why we can see clouds but not water vapour in the air.
13. Discuss how humans could alter the water cycle.
14. Is water a renewable or a non-renewable resource? Explain your answer.

Investigate
15. Use the library and the internet to investigate the importance of the Aboriginal rain dance.

Severe droughts have caused many dams to dry up.

 Watch this eLesson: The water cycle (eles-0062)

 Complete this digital doc: Worksheet 14.7: Clouds (doc-0000)

 Complete this digital doc: Worksheet 14.8: The water cycle (doc-0000)

 RESOURCES — ONLINE ONLY
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All of this makes fresh water a natural resource that is far too valuable to waste. Its supply and use must 
be managed carefully and sustainably. It is up to every individual to recognise that good-quality fresh water 
is a precious resource that should be used wisely at home, in agriculture and in industry.

14.11.1 Dams and reservoirs
As Australia’s population grows and climate change threatens to cause more and longer droughts, an 
obvious solution is to build more dams and reservoirs. However, building more dams and reservoirs is not 
always the best method of increasing water supplies. Dams on major rivers interfere with the flow of water 
downstream, causing problems for the environment and for farmers.

Myponga Dam, near Adelaide, South Australia. Building more dams like this is not always the 
best solution to improve water supplies.

14.11.2 Alternative water supplies
Presently, most of our water is collected in dams or pumped from aquifers deep in the ground (ground 
water). Neither source is sustainable. Alternatives are being examined, such as harvesting water from other 
sources, which would enable us to retain drinking water (potable water) for drinking only.

Rainwater: water captured from the roof in rainwater tanks. Many Australian states are now encour-
aging householders to install these tanks for toilet flushing or garden watering.

Grey water: water from the laundry and bathroom. Instead of going into a sewer, greywater is piped 
onto the garden. Water from the kitchen is generally too greasy to be used.

Stormwater: water that runs off surfaces into stormwater drains after heavy rain. It can be collected and 
treated in the same way as sewage.

Recycled water: water derived from sewerage systems or from industrial processes. Toilet waste is 
sometimes referred to as blackwater.

14.11.3 Drinking recycled water
In many countries around the world, treated effluent is discharged into rivers and streams that become 
sources of drinking water. Most water management authorities consider using recycled effluent for drinking 
water to be a last option, but in some places, such as Toowoomba, it may be inevitable.
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Several studies have shown that a high percentage of Australians are comfortable with the idea of using 
recycled water for irrigation, fire fighting, watering of parks and gardens, stock watering and toilet flushing. 
However, the acceptance level for drinking recycled water is not the same. (See The tale of Toowoomba 
below).

14.11.4 The tale of Toowoomba
Toowoomba, in Queensland, is a beautiful city renowned for its parks and flower gardens. Its Carnival 
of Flowers attracts thousands of visitors each year. In July 2006, the people of Toowoomba voted on a 
proposal for 25 per cent recycled water from the sewage treatment plant to be added to the city’s rapidly 
diminishing water supply. Toowoomba’s three dams had fallen collectively to below 20 per cent capacity.

The issue divided the city like no other issue ever had. In spite of a massive educational campaign, there 
was widespread fear among the voters and the proposal was defeated easily (61.8% : 38.2%).

In September 2006, level 5 water restrictions were placed on Toowoomba, which meant that the use of 
any tap water outdoors was prohibited. These were the toughest restrictions in Australia at the time.

HOW ABOUT THAT!
NASA engineers have collaborated with other scientists 
and engineers to develop a system that recycles water from 
air breathed out, sweat and urine into safe drinking water. 
It was first used by astronauts on the International Space 
Station. The system is now used in developing countries 
where water is scarce or heavily contaminated.

Volunteers in the northern Iraq 
village of Kendala help install 
and test a water purification 
system that has its origins in 
the space program.

14.11.5 Desalination — the answer to our water shortage?
Although fresh water is in short supply in Australia, the country is surrounded by sea water. Unfortunately, 
sea water is too salty to drink or water crops with; however, a desalination plant can remove the salt from 
sea water. Sydney’s desalination plant at Kurnell, which commenced operation in 2010, is able to provide 
15 per cent of Sydney’s fresh water needs.

How does it work?
There are a few processes that can be used to remove salt from sea water. The Kurnell plant uses reverse 
osmosis. Reverse osmosis is the opposite of osmosis. In osmosis, water molecules from a solution with 
very little salt dissolved in it move from one side of a membrane into saltier water until the salt concentra-
tion is the same on both sides. This process occurs across the cell membranes of living things. In reverse 
osmosis, the water is being made to flow in the opposite direction using high pressure. The result is that 
very salty water is left on one side of the membrane and pure water is obtained on the other side.

Unfortunately, there are some environmental costs associated with reverse osmosis desalination plants. 
A huge amount of electricity is required to run the plant. If this electricity is produced by burning coal or 
another fossil fuel, large amounts of carbon dioxide gas (a greenhouse gas) are produced, thus contributing 
to global warming. In the case of the Kurnell plant, the electricity needed to run it is provided to the NSW 
electricity grid by a wind farm at Bungandore near Canberra.

Another important environmental issue is what to do with the salt that is produced. At the Kurnell plant, 
after the water passes through the reverse osmosis membrane, the fresh water is stored for use and the 
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left-over water — which now contains about twice as much salt as normal sea water and is one or two 
degrees warmer — is dumped back into the ocean about 300 metres off shore. This may have a negative 
impact on sea life living very close to the salty water outlet.

14.11.6 Monitoring water quality
The first step towards maintaining the quality of our water 
systems and oceans is to monitor them.  Various authori-
ties carry out tests on rivers, streams and dams, and mon-
itor the quality of the water. If unusual levels of pollution 
are found, attempts are made to identify the source of pol-
lution and polluters may be fined.

Some schools participate in a program called 
 Streamwatch. Participating schools are issued with a 
water testing kit and training, and agree to undertake reg-
ular testing of a water site close to the school. Each school 
submits its results online so that the data can be shared.

14.11.7 Lessons in sustainability
Over many thousands of years, indigenous Australians have successfully located and conserved fresh water 
in some of the driest parts of the continent. Some of their techniques for locating and conserving water pro-
vide valuable lessons for today’s scientists and engineers as they meet the challenge of supplying a growing 
population with this precious resource in a sustainable way. Many indigenous techniques for locating and 
collecting water are used in survival training by the Australian Defence Forces.

School students testing water quality

INVESTIGATION 14.8

Monitoring water quality
AIM: To investigate some aspects of water quality

You will need:
samples of water from various locations
turbidity tube
data logger with the following probes: pH, temperature, dissolved oxygen, conductivity (Note: If your school does 

not have data loggers or you do not have some of the probes listed you could use a thermometer, pH meter and 
conductivity meter instead.)

Step 7
Seawater concentrate outlet

Step 1
Seawater intake

Step 2
Intake screening
facility

Step 3
Pretreatment �lters

Step 4
Reverse osmosis membrane 
units remove salt and other 
impurities from the water.

Step 5
Post treatment to 
drinking water standard

Step 6
Drinking water
supply tank

Not to scale
Seawater concentrate is
safely returned to the ocean.

Intake 
tunnel

Outlet tunnel

An example of a desalination plant
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• Copy the table below into your notebook.

Measurement Site X Site Y Site Z

pH      

Temperature (°C)      

Dissolved oxygen (ppm)      

Conductivity (Sm−1)      

Turbidity      

• Use the data logger and probes to measure pH, temperature, dissolved  
oxygen and conductivity.

• Place the turbidity tube on the floor and look down the tube. You should  
be able to see a mark on the bottom of the tube.

• Fill the tube using one of the samples until the mark can no longer be seen  
through the water. Record the turbidity reading from the side of the tube (see diagram).

• Repeat the steps above using the other water samples collected.

Discussion
1. Turbid water is not clear. You cannot see through it very well. Explain how the turbidity test works.
2. What could cause a high turbidity reading?
3. Why is it important to monitor the amount of oxygen dissolved in water?
4. Explain how sewage pollution might affect the dissolved oxygen level of a body of water. (Hint: Sewage 

contains organic matter that can be broken down by bacteria. Bacteria carry out respiration.)
5. Gases, including oxygen, are less soluble in hot water than cold water. How might an increase in water 

temperature affect fish living in the water?
6. What impact would acid rain have on the pH of a stream?
7. When salts are dissolved in water, its conductivity increases. Would you expect sea water or fresh water to 

have a greater conductivity?
8. Did any of the samples you tested appear polluted? Justify your answer.

Read here

Sample water

Markings on
bottom of tube

Turbidity tube

How to use a 
turbidity tube

14.11 Exercise: Remember and think
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Explain why fresh water is such a precious resource in Australia.
2. Recall how Australian households use the majority of their fresh water.
3. Explain why building more dams and reservoirs is not always the best method of increasing the water 

supplies of large cities.
4. Define the following terms.

(a) Potable water
(b) Greywater
(c) Stormwater
(d) Blackwater
(e) Desalination

5. Explain reverse osmosis.

Think
6. Explain why the majority of people of Toowoomba would have voted against using recycled water from a 

sewage treatment plant despite the desperately low water levels in the city’s dams.
7. Outline at least two arguments that could have been used to persuade the people of Toowoomba to vote for 

the use of recycled sewage water.
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8. Imagine that a new desalination plant has been proposed for your state in a yet-to-be decided location, 
using the same reverse osmosis technology as the Kurnell plant.
(a) Identify and describe the factors that need to be considered before choosing a location.
(b) Identify and explain the questions that need to be asked before a final decision is made to build the 

plant.

Design and create
9. List possible water-saving suggestions for your school. Design a poster or web page promoting these.

Investigate
10. In addition to the Kurnell plant, desalination plants have been constructed in Queensland, Victoria, South 

Australia and Western Australia. Research and report on:
(a) the location of these plants
(b) the process used to remove salt from sea water
(c) how renewable energy is used to reduce the effects of desalination plants on the environment.

11. When European settlers set up crop farms in areas of Australia with low rainfall they set up irrigation 
systems to water their crops. The water for irrigation came from river systems and aquifers including the 
Great Artesian Basin. Use the internet, a library or your own resource to research and report on:
(a) the size and location of the Great Artesian Basin
(b) which river basin provides the source for most of the irrigation in New South Wales
(c) the environmental impact of irrigation.

12. Use the Water saver weblink in the Resources tab and play the water saving game.
13. To find out more about saving water in your home use the Investigator weblink in the Resources tab and be 

a home water investigator.
14. To take part in the waterworks adventure, use the Waterworks weblink in the Resources tab.
15. Use the Indigenous weather knowledge weblink in the Resources tab to research and report on:

(a) how Aboriginals and Torres Strait Islanders used the story of the Rainbow Serpent to predict changes in 
the water cycle from season to season and locate sources of water in the desert

(b) what today’s scientists can learn about the water cycle and water as a resource from the knowledge of 
indigenous people.

Complete this digital doc: Worksheet 14.9: Testing water (doc-0000)

 Explore more with this weblinks: Water saver

 Explore more with this weblinks: Waterworks

 Explore more with this weblinks: Indigenous weather knowledge

RESOURCES — ONLINE ONLY

14.12 Review
Earth’s resources
 • distinguish between renewable and non-renewable resources and give examples of each 14.2
 • describe and compare the formation of coal, oil and natural gas 14.2
 • explain how mineral deposits are accumulated 14.2
 • identify minerals that are found in Australia 14.2
 • discuss how indigenous Australians located and used the Earth’s resources 14.11

Mining and using the earth’s resources
 • describe the processes of open-cut mining and underground mining 14.3
 • outline the process by which oil and natural gas are located and retrieved 14.3
 • describe the use of coal, oil and natural gas as fuels 14.4
 • describe the properties and uses of hydrocarbons found in crude oil 14.4
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 • recall that most plastics and detergents are made from some of the hydrocarbons in crude oil 14.4
 • explain the difference between natural and synthetic fibres and discuss their  

advantages and disadvantages 14.4
 • describe the use of a range of renewable energy resources, giving examples 14.4
 • explain why alternative energies are being developed to reduce the dependence  

on fossil fuels 14.2, 14.5
 • explain how geologists detect ore bodies 14.6
 • explain how metals are removed from their mineral ores 14.6
 • outline the issues that must be considered before a decision is made to undertake  

mining after an ore body is discovered 14.7
 • describe the purpose of an environmental impact statement 14.7
 • recall at least four properties of metals that make them useful 14.8
 • describe how an alloy differs from a pure metal and explain why they are sometimes  

used instead of the pure metal 14.8

Recycling
 • distinguish between biodegradable and non-biodegradable materials 14.9
 • evaluate the suitability of different types of packaging for recycling or re-use 14.9
 • outline the requirements and development of systems for the recycling of household waste 14.9

Water and its management
 • recognise the importance of water as a natural resource 14.10
 • describe the water cycle in terms of the physical processes involved 14.10
 • explain the impact of global warming on the water cycle and weather patterns 14.10
 • evaluate some strategies for maintaining and conserving water supplies including  

recycling and desalination 14.11

Individual pathways

 U ACTIVITY 14.1
Revising Earth’s resources
doc-10581

 U ACTIVITY 14.2
Investigating Earth’s resources
doc-10582

 U ACTIVITY 14.3
Investigating Earth’s resources 
further
doc-10883

  ONLINE ONLY

FOCUS ACTIVITY
Research how Aboriginal and Torres Strait Islander peoples used their knowledge to care for the land and water.

Access more details about focus activities for this chapter in the Resources tab. (doc-10580)
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14.12 Review 1: Looking back
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

1. Apart from the colour, describe the differences between brown coal and black coal.
2. Explain why you are more likely to find a fossil like the one shown below in a coal deposit rather than in a 

deposit of copper ore.

3. The diagram below represents an oil rig above a source of oil.

(a) Describe a property of the rock found directly above a layer of oil that is different from the properties of 
the rock in which the oil is trapped.

(b) Identify what is likely to be found in the cavity directly above the layer of oil.
4. Are the precious minerals obtained from mines renewable or non-renewable? Explain your answer.
5. What happens to most of Australia’s black coal after it is mined?
6. Coal, oil and gas are all resources that exist below the surface of the Earth in large amounts.

(a) Explain the difference between the way that coal is formed and the way that oil and gas are formed.
(b) Explain the difference between the ways that coal and oil are obtained from below the Earth’s surface.

7. Why is it so important for countries like Australia to reduce their dependence on fossil fuels such as coal, oil 
and gas?

8. The world presently consumes 6000 Mt of coal per year. 
According to one environmental agency, we will run out of 
coal in 400 years time if we keep on using it at this rate.
(a) Given that 1 Mt equals one million tons, calculate how 

many tons of coal the environmental agency assumes still 
remains in the Earth’s crust.

(b) According to the World Coal Institute, listed in the table 
below were the top seven coal-producing countries in 
2007.
(i) Calculate how much coal is produced in total, per 

year, by these seven countries.
(ii) Do these seven countries provide, in total, enough 

coal for the world’s needs? Explain.
(iii) Using the information in the table, construct a bar graph.

9. Use the table of hydrocarbons to determine how many hydrogen atoms there are in one molecule of:
(a) methane
(b) ethane
(c) octane
(d) triacontane.

10. From which non-renewable resource are plastics and detergents made?
11. One factor that determines the way in which mineral ores are mined is their depth. Compare the mining 

processes used for mineral ores located near the Earth’s surface with the mining processes used for mineral 
ores located deeper in the crust.

Country Coal produced/year (Mt)

China 2549

USA   981

India   452

Australia   323

South Africa   244

Russia   241

Indonesia   231
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12. Copy and complete the table of mineral ores and metals. In the third column, list as many uses of each metal 
as you can think of. You might need to do some library or internet research to discover some of the uses.

Mineral ore Metal Uses of the metal

Haematite    

Bauxite    

Chalcopyrite    

Sphalerite    

Galena    

13. According to many geologists, parts of Antarctica are rich in mineral resources similar to those found in 
Australia. Construct a two-column table to list reasons why these mineral resources should be mined and 
reasons why they should not be mined.

14. Match the terms in the first column of the table below with the correct descriptions in the second column.

Term Description

(a) Gangue A A renewable fuel produced by the remains of living things

(b) Mineral B A mixture of a metal with other metals or non-metals

(c) Hydrocarbons C Easily moulded

(d) Ore bodies D Unwanted substances that have to be separated from mineral ores

(e) Synthetic E Regions with high mineral concentrations

(f)  Alloy F Manufactured; not natural

(g) Plastic G Compounds made up of hydrogen and carbon atoms

(h) Biomass H Chemical elements or compounds that are formed by geological processes

15. List two benefits of recycling:
(a) plastic
(b) aluminium.

16. Some plastic containers are marked with this symbol.
(a) What substance would you expect to find in bottles made from this type of plastic?
(b) What two things should you do before placing bottles made from this type of plastic  

in a recycling bin?
(c) State two uses for this type of plastic after it has been recycled.

17. Create a circular flow chart to describe the water cycle.
18. Explain how clouds are formed and how they can develop into rain.
19. Outline the concerns that people have about desalination plants.
20. A PMI chart can be used to consider the positive (plus), negative (minus) and interesting aspects of an 

issue. Create your own personal PMI charts to display the positive, negative and interesting aspects of the 
following.
(a) The use of nuclear energy to generate electricity in Australia
(b) Wind farms
(c) Permanent water restrictions to conserve water supplies
(d) Building more dams and reservoirs to increase our water supply

Test yourself
1. Synthetic fibres such as nylon and polyester are derived from

(A) cotton.
(B) coal.
(C) crude oil.
(D) natural gas. (1 mark)

2. Which of the following is a renewable resource?
(A) Aluminium
(B) Brown coal
(C) Polyester
(D) Wood (1 mark)

PETE

1
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3. Clouds are made up of
(A) water vapour.
(B) steam.
(C) water droplets.
(D) fog. (1 mark)

4. Which of the following can be used in the production of fresh water?
(A) Salt water
(B) Sewage
(C) Urine
(D) All of the above (1 mark)

5. Uranium has become a valuable resource since the introduction of nuclear power. Australia is 
one of the world’s largest suppliers of uranium. It is mined in several places around the country, 
then exported overseas to nations that use it to generate electricity.

The uranium industry is worth millions of dollars to the Australian economy and generates thousands 
of jobs. However, there are some negative aspects of mining uranium. These include: the environmental 
hazards of mining, the hazards associated with exposure to radioactive substances, the location of the 
uranium deposits and the way the end product is used. Strict guidelines are imposed on uranium mining 
companies. The aim of these regulations is to make the mining process and transport of the resource as 
safe as possible.

Your task is to produce two brochures:
(a) The first brochure presents arguments against uranium mining. This brochure should include 

environmental and social reasons to stop mining (and, therefore, using) uranium.
(b) The second brochure explains the process of uranium mining and the measures taken to ensure safety. 

This brochure should also outline the positive aspects of mining and using uranium. (6 marks)

 Complete this digital doc: Worksheet 14.10: Resources from the Earth puzzles (doc-0000)

 Complete this digital doc: Worksheet 14.11: Resources from the Earth summary (doc-0000)

RESOURCES — ONLINE ONLY
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