
4
Explaining 

change

Contents

4.1 The Earth’s atmosphere 278

4.2 Ecosystems and biodiversity 308

4.3 Inheritance 328

4.4 Variation and evolution 342

225387_GCSE_Synergy_Topic4_CH4.1.indd   277 23/09/16   2:51 PM



278

ideAs you hAVe meT beFore:

THE EARTH’S ATMOSPHERE

AQA GCSE Combined Science: Synergy Unit 4

Explaining change

PLAnTs use CArbon dioXide in PhoTosynThesis

• Plants photosynthesise using carbon dioxide and water.
• Plants make oxygen, which is used by animals to stay alive.
• Plants need sunlight for photosynthesis.

GLobAL wArminG meLTs iCe CAPs

• There are different climates in different parts of the world.
• The Earth’s surface is constantly changing. 
• Animals have diffi culty surviving because of habitat loss.

usinG Less FossiL FueL CuTs down PoLLuTion

• Cars, ships and planes use fossil fuels to transport us.
• We use fossil fuels to heat buildings and drive machinery.
• Burning fossil fuels causes air pollution, which is bad for 

health.

The wATer CyCLe

• Water evaporates from oceans and seas to form clouds.
• Clouds move the condensed water inland where it 

precipitates.
• Rain fi lls the rivers, lakes and reservoirs to provide fresh 

water.
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in This ChAPTer you wiLL Find ouT AbouT:

4.1

The Earth’s atmosphere

whAT wAs The eArTh’s eArLy ATmosPhere?

• The early atmosphere arose from gases from volcanoes.
• Water vapour condensed to form the oceans.
• There was a high percentage of carbon dioxide and no 

oxygen.

whAT Are The ConseQuenCes oF The Greenhouse 
eFFeCT?

• Greenhouse gases are essential for keeping temperatures 
stable.

• If we had no greenhouse effect the Earth would not 
sustain life.

• The balance of gases changes the effect and could be 
damaging.

how CAn we reduCe The eFFeCT oF humAn ACTiViTy?

• We can reduce the use of fossil fuels and use renewable 
energy.

• We can use sunlight more directly for energy needs.
• We can use resources more effi ciently and fairly.

why did The eArLy ATmosPhere ChAnGe?

• Algae used carbon dioxide for photosynthesis. 
• Photosynthesis produced oxygen so levels increased.
• Oceans dissolved carbon dioxide making them acidic.
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The Earth’s atmosphere

Key words 

atmosphere 
sediments
volcanic

The age of the Earth is currently estimated to be 
between 4.5 and 4.6 billion years. That is a little over 
four and a half thousand million years (often written as 
4.5 × 109 years). During that time the atmosphere has 
changed from possibly hydrogen and helium at first, 
probably followed by gases from volcanic activity to 
finally an atmosphere rich in oxygen, which is what we 
have now.

The Earth’s early atmosphere
We definitely know we now have an atmosphere rich in oxygen 
but we also think we know, from evidence, that oxygen was 
not in the Earth’s early atmosphere. From the evidence we 
have, scientists have developed theories about the change in 
the atmosphere over the last 4.6 billion years. 

One theory suggests that during the first billion years of 
the Earth’s existence there was intense volcanic activity that 
released gases. This process is called degassing and the idea is 
based on the composition of gases vented out in present-day 
volcanic activity.

At the start of this period the Earth’s atmosphere may have 
been like the atmospheres of Mars and Venus today, consisting 
of mainly carbon dioxide with little or no oxygen gas. 

Volcanoes also produced nitrogen, which gradually built up in 
the atmosphere, and there may have been small proportions of 
methane and ammonia. 

These gases formed the early atmosphere, along with water 
vapour, which condensed to form the oceans.

When the oceans formed, carbon dioxide dissolved in the 
water and carbonates were precipitated producing sediments, 
reducing the amount of carbon dioxide in the atmosphere. 

Explain the scientists’ theory of how the first gases became part 
of the atmosphere for the first billion years.

Suggest why there was no oxygen in the early atmosphere.

There are several different theories about the Earth’s early 
atmosphere. Suggest why.

remember!

you only have to 
remember this one 
theory, but there are more 
theories you can look 
up and evaluate against 
evidence.

Figure 4.1.1 Volcanic activity releases 
gases

Figure 4.1.2 The surface of Mars 
is being explored by robots but the 
 atmosphere cannot support human 
life

1

2

3

Learning objectives:

• describe ideas about the Earth’s early atmosphere
• interpret evidence about the Earth’s early atmosphere
• evaluate different theories about the Earth’s early 

atmosphere.

4.1a The early atmosphere
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4.1a

Qu: How did the oxygen-rich atmosphere of the Earth develop? →

Evidence for the theories 
The theories about what was in the Earth’s early atmosphere 
and how the atmosphere was formed have changed and 
developed over time. 

One set of evidence is gained by measuring carbon and boron 
isotope ratios in sediments under the sea.

Other models use the composition of gases given out by 
volcanoes today as evidence. An assumption is made that the 
same proportion of gases is given out today as was given out 
by volcanoes billions of years ago. 

The question we need to ask is how well these assumptions 
fit with evidence gained through other means. We need to 
evaluate evidence to develop new models.

Scientists use the composition of gases given off by volcanoes 
to develop models of the Earth’s ancient atmosphere. Suggest 
one reason why.

Evaluating the theories 
The evidence for the early atmosphere is limited because 
of the timescale of 4.6 billion years, which means no direct 
measurements can be made. Models need to be developed 
using proxy evidence or by assuming that what happened in 
the past is still happening today and using that evidence from 
today (for example the composition of volcanic gases). 

Proxy evidence is evidence from one source gathered from 
ancient times that can be used to make an assumption 
about another related ancient effect. An example would be 
counting the number of stomata on fossils of ancient leaves 
to make assumptions about the levels of carbon dioxide in the 
atmosphere. 

Evidence from direct measurements would seem more valuable 
but there is not always agreement that the measurements 
were taken correctly. For example, the measurements taken 
from isotopes by one team are seen as more reproducible if 
their data compares well with the data from a different site by 
a different team. The more measurements taken by different 
teams that provide data that coincide, the more reproducible 
the data. This is why scientists publish data in scientific journals.

Scientists have only indirect evidence for the atmosphere of 
2 billion years ago. Suggest, with reasons, whether the current 
composition of volcanic gases gives better or worse evidence 
than the evidence from counting stomata.

Stomata are openings that allow gas exchange in plants. Predict 
a relationship between number of stomata and atmospheric 
carbon dioxide levels.

Figure 4.1.3 Water vapour was 
 produced, which condensed to form 
the oceans

4

5

6

did you Know?

some scientists are now 
rejecting the early models 
of the earth’s atmosphere 
and are studying zircon 
gemstones for new 
evidence.
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The Earth’s atmosphere

AQA GCSE Combined Science: Synergy Unit 4 Link: 4.1b → 4.1c

Key words 

algae 
evolved
photosynthesis

Algae first produced oxygen about 2.7 billion years ago 
and soon after this oxygen appeared in the atmosphere. 
Over the next billion years, plants evolved and the 
percentage of oxygen gradually increased to a level that 
enabled animals to evolve.

The early production of oxygen
We have already seen that the Earth is 4.5 billion years old. In 
the first billion years the Earth’s atmosphere may have been 
like the atmospheres of Mars and Venus today, consisting of 
mainly carbon dioxide with little or no oxygen gas.

The first life forms appeared over 3.5 billion years ago, but 
these could live anaerobically, that is without oxygen. Algae 
first produced oxygen about 2.7 billion years ago. 

Soon after the appearance of life forms that used 
photosynthesis, oxygen appeared in the atmosphere. Over the 
next billion years, plants evolved and the percentage of oxygen 
gradually increased to a level that enabled animals to evolve. 

When did algae first produce oxygen?

Explain the difference between living anaerobically and living 
aerobically.

Algae and photosynthetic production  
of oxygen 
Algae and plants produced the oxygen that is now in the 
atmosphere. This was produced by photosynthesis.

This process can be represented by the equation: 

 6CO2 + 6H2O ➝ C6H12O6 + 6O2

carbon dioxide + water ➝ glucose + oxygen 

You can see that the process uses up carbon dioxide. So, as 
more plants evolved the levels of carbon dioxide went down 
and the levels of oxygen went up. More about photosynthesis 
can be found in topic 2.2h.

Figure 4.1.4 Photo of green alga. 
 Algae started to produce oxygen 
about 2.7 billion years ago

Figure 4.1.5 These fossils are of 
early ferns that produced oxygen 
by  photosynthesis. Ferns first arose 
sometime during the Devonian 
 period, 410–365 million years ago

1

2

Key inFormATion

you can show by 
experiment that aquatic 
plants produce oxygen.

Learning objectives:

• identify the processes allowing oxygen levels to increase
• explain the role of algae in the composition of the 

atmosphere 
• recall the equation for photosynthesis.

4.1b Changes in the 
atmosphere
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4.1b
Over billions of years, the percentage of oxygen in the 
atmosphere increased and the percentage of carbon dioxide 
decreased, until today’s levels were reached.

The percentage of nitrogen also slowly increased, but because 
nitrogen is very unreactive, very little nitrogen was removed 
from the atmosphere. 

Oxygen is a product of photosynthesis. What is the other product?

Suggest why the levels of oxygen increased.

Explain the role of algae in the increased levels of oxygen.

Trapping carbon dioxide 
Algae and plants decreased the percentage of carbon dioxide 
in the atmosphere using the process of photosynthesis. 

They used carbon dioxide to make glucose, and they also 
released oxygen. 

As the plants and algae grew and proliferated over time 
the amount of carbon dioxide decreased and the amount of 
oxygen increased.

As the plants died and decayed, they formed a thick layer of 
plant deposits, which was compressed first to peat and then 
eventually formed coal. See topic 4.2f for more information 
about peat.

Coal is formed from the thick plant deposits that were buried 
and compressed over millions of years. Coal is mostly carbon 
that became locked in the ground. This resulted in lower levels 
of carbon dioxide.

Another organism that used up carbon dioxide was plankton. 
The remains of plankton were deposited in muds on the sea 
floor and were covered over and compressed over millions of 
years. This produced crude oil and natural gas, which became 
trapped in the rocks.

Both these fossil fuels trapped carbon. Coal traps carbon as 
a sedimentary rock and crude oil/natural gas traps carbon 
between layers of other rock.

Describe how coal was formed.

Describe two ways in which carbon dioxide levels were 
decreased over billions of years by the formation of fossil fuels.

remember!

you do need to remember 
the equation for 
photosynthesis but not 
the role of nitrogen in 
the atmosphere.

3

4

5

Figure 4.1.6 Plant remains were 
 compressed, forming coal, which can 
be seen as the black layers in this 
photo

6

7

Figure 4.1.7 Peat, which has been 
harvested and dried (top), and bitumi-
nous coal (bottom)
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The Earth’s atmosphere

AQA GCSE Combined Science: Synergy Unit 4 Link: 4.1c → 4.1d

Key word

carbon sink

Materials are cycled through ecosystems continually. 
As one process removes them, another releases them 
into the ecosystem again. This helps to provide building 
blocks for future organisms.

Looking at carbon
The amount of carbon on Earth is fixed. Most carbon is found 
combined with other elements, for example in fossil fuels and 
carbonate rocks. Carbon is also found dissolved in water in rivers, 
lakes and oceans. A small amount is in the air in carbon dioxide. 

Life depends on photosynthesis in producers, such as 
green plants, which use carbon dioxide from the air to 
photosynthesise. The carbon is used to make carbohydrates, 
proteins, fats and DNA that form new biomass, which is eaten 
by animals (consumers). 

All organisms respire to release energy for cellular processes. 
They release waste carbon dioxide back into the environment, 
which is then used by plants.

The atmosphere contains about 0.04% carbon dioxide, which 
is enough for every plant to produce biomass (food), by 
photosynthesis. The process uses sunlight to create the energy 
store of food and oxygen that living things need for respiration.

When animals eat plants, they absorb carbon from them. 
Carbon passes along food chains, even when organisms die and 
decay. Energy is transferred along the food chain and to the 
environment. 

Carbon dioxide is returned to the atmosphere by:

• plants, animals and decomposers respiring:
 glucose + oxygen → carbon dioxide + water

• burning (combustion) of fossil fuels and wood:
 fossil fuel/wood + oxygen → carbon dioxide + water

The continual cycling of carbon is shown in Figure 4.1.9.

Burning fossil fuels and wood releases more carbon into 
the atmosphere. Increased levels of carbon dioxide in the 
atmosphere cause global warming.

Name two processes that release carbon dioxide.

Use Figure 4.1.9 to describe the carbon cycle. 

Figure 4.1.8 Burning fossil fuels  
releases carbon, as carbon dioxide, 
into the air

1

2

remember!

The carbon cycle returns 
carbon from organisms to 
the air for plants to use in 
photosynthesis.

Learning objectives:

• recall that plants take in carbon as carbon dioxide
• explain how carbon is recycled
• interpret a diagram of the carbon cycle.

4.1c The carbon cycle

mAKinG LinKs

see topic 4.2a for more 
information about 
food chains (feeding 
relationships between 
organisms).
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4.1ccarbon dioxide in the air

fossil fuels – coal,
oil and gas

carbon stores in the ground

carbon stored in
living organisms

calcium
carbonate in

seashells

carbon stored
in the ocean

aquatic biomass

limestone rocks

decayed plant and animal
matter in the soil

respiration &
decomposition

photosynthesisfossil fuel
emissions

Figure 4.1.9 The carbon cycle showing the main stores of carbon and the flows 
of carbon between them

Carbon stores
Shells of marine organisms contain carbonates. Corals and 
microscopic algae cover themselves with calcium carbonate. 
Shells of dead organisms fall to the sea floor. Over millions of 
years they are compressed to form limestone. Limestone rocks 
are eroded by water in the soil that contains dissolved carbon 
dioxide, which comes from the respiration of soil organisms. 

Carbon dioxide can be absorbed by oceans and held in a 
carbon sink. During volcanic eruptions and forest fires, massive 
amounts of carbon dioxide are released into the atmosphere. 

Why is the carbon cycle important to all living organisms?

Explain the processes involved in the carbon cycle.

Explaining decay
Worms, woodlice and maggots break down waste and dead 
material into smaller pieces for decomposers to digest. 

Decomposers are microorganisms (bacteria and fungi). They break 
down the smaller pieces of dead material. Decomposers release 
waste carbon dioxide, water, heat and nutrients (that plants use). 

Decomposers decay waste in compost heaps and sewage works. 
Factors that speed up decay are:

• plenty of microbes
• warmth
• plenty of oxygen
• some moisture.

Life processes depend on enzymes. Factors that increase 
enzyme action speed up decay.

did you Know?

between 1000 and 100 000 
million metric tonnes of 
carbon pass through the 
carbon cycle every year.

3

4
Figure 4.1.10 A woodlouse is 
pictured. Woodlice live on  rotting 
wood and help to break it down for 
decomposers

did you Know?

The body Farm is a 
research site in the usA 
where scientists study 
human decay to support 
forensic analysis.

Explain the role of 
microorganisms in cycling 
materials.

Why does warmth speed up 
the process of decay?

5

6
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4.1d The greenhouse effect
Learning objectives:

• describe the greenhouse gases
• explain the greenhouse effect
• explain these processes as interaction of short and 

long wavelength radiation with matter. 

The average surface temperature of the Earth is 14oC. This is because we have a 
blanket of gases as an atmosphere that protects us by keeping the temperatures 
relatively stable. The greenhouse effect is a natural phenomenon that is 
benefi cial for us. 

Why are greenhouse gases important?
Water vapour, carbon dioxide and methane are the greenhouse gases in our atmosphere. 
These gases allow radiation from the Sun to pass through and warm the Earth. We all 
feel this on a bright sunny day.

What is less obvious, but very important, is that the warm Earth radiates energy back into 
the atmosphere and out into space. If this did not happen, the Earth would get warmer and 
warmer.

The greenhouse gases trap some of this radiation and help to keep us relatively warm.

So greenhouse gases in the atmosphere maintain the temperatures on Earth high 
enough to support life.

did you Know?

The idea of a greenhouse 
effect was fi rst put 
forward in 1824 by Joseph 
Fourier. it is estimated 
that the greenhouse effect 
makes the earth 33°C 
warmer than it would be 
otherwise. what is the 
temperature where you 
are today? now reduce 
that by 33°C …

Key words 

absorbed
greenhouse
radiation
wavelength

KEY CONCEPT

Earth

surface
warmed

surface
warmed

Sun

some goes back
into space

some of the heat
energy (radiation)
is radiated from

the Earth

atmosphere

some goes back
into space

reflection
from

clouds

some of
this is

changed
into thermal

energy
when it
reaches
Earth

a gradual build-up of 
carbon dioxide and methane 

means less of the heat reflected 
escapes into space and so

Earth’s temperature increases

the greenhouse
gases trap the heat

around the Earth

light from
the Sun

Figure 4.1.11 A diagram representing the greenhouse effect. Solar radiation reaches 
Earth. Energy radiated back from the Earth is trapped by the greenhouse gases

The Earth’s atmosphere

Name two greenhouse gases.

Explain why greenhouse gases are important to life on Earth.

1

2
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Key 
ConCePT

How does the greenhouse effect work?
Radiation from the Sun is of short wavelength. It can pass 
through the atmosphere and not be absorbed by the 
atmospheric gases.

The gases allow short wavelength radiation to pass through 
the atmosphere to the Earth’s surface. The gases then 
absorb the outgoing long wavelength radiation from the 
Earth, causing an increase in temperature. This temperature 
increase is benefi cial to us as the temperature of the Earth is 
kept relatively stable.

Even though the temperature at the polar ice caps gets very low 
and the temperature at the equator can get very high, between 
these limits life can be sustained. Both our Moon and other 
planets experience temperatures way outside these limits. Life, 
as we know it, would be diffi cult to sustain elsewhere.

Describe the wavelength of incoming solar radiation compared 
with outgoing radiation from the Earth. Use a diagram to help.

Venus has an atmosphere of carbon dioxide. Suggest 
whether the average temperature will be higher or lower 
than expected when considering its distance from the Sun. 
Explain your reasoning.

What types of radiation are involved?
Radiation from the Sun is of short wavelength such as 
ultraviolet (UV), visible light and near infrared (near IR). 
It can pass through the atmosphere and not be absorbed 
by the gases. The radiation that comes back from the 
Earth is of a longer wavelength, which is far IR. This long 
wavelength IR radiation is absorbed by the molecules of 
water vapour, carbon dioxide and methane, which are the 
greenhouse gases.

The electromagnetic spectrum identifi es radiation according 
to its wavelength and frequency.

This is an example of the spectrum to show the relative 
wavelengths of UV, visible light, near IR and far IR.

ultra-
violet

radio wavesX-rays
infrared

near far

visible
light

Figure 4.1.13 A representation of the relative wavelengths of UV, near IR 
and far IR. Wavelengths increase from left to right

Suggest what the Earth would be like if we did not have 
greenhouse gases.

did you Know?

The surface temperature 
on the moon varies 
between –173°C and 
+127°C. The range on earth 
is –89°C to +58°C.

the Sun

long wavelength
Earth radiation

short wavelength
solar radiation

Earth’s surface

Figure 4.1.12 Short wavelength 
 radiation from the Sun enters the 
 atmosphere. Long wavelength 
 radiation radiated back from the Earth 
is absorbed by the greenhouse gases

3

4

mAKinG LinKs

Look back at topic 1.4f 
to remind yourself about 
electromagnetic waves.

5

4.1d
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The Earth’s atmosphere

AQA GCSE Combined Science: Synergy Unit 4 Link: 4.1e → 4.1f

Key words 

average global 
temperature

climate
correlation
deforestation
global warming

There are many different causes of climate change, 
most of which are natural. Examples are changes in 
radiation from the Sun and volcanic eruption. There are 
certain human activities that are thought to be causes 
of recent climate change. If humans cause a change, it 
is called an anthropogenic change.

Human activities
We have seen that greenhouse gases are essential for 
maintaining stable temperatures on Earth so that life, as we 
know it, can be sustained. This is a natural phenomenon. 

However, as far back as 1896 scientists were concerned that some 
human activities increase the amounts of greenhouse gases in 
the atmosphere and that we are altering the balance of the 
greenhouse effect. A Swedish chemist called Svante Arrhenius 
suggested that doubling the carbon dioxide level would cause 
the average temperature on Earth to increase by 5°C.

The original concern was over the burning of coal, producing 
carbon dioxide. As more fossil fuels are burned, more carbon 
dioxide is produced. You can see this in the graph.

The increase in the percentage of carbon dioxide in the 
atmosphere over the last 100 years is related to the increased 
use of fossil fuels – there is a correlation. 

There are now concerns over many other activities that not only 
increase the amount of carbon dioxide but also increase the 
amount of methane.

The human activities that affect these greenhouse gases 
include more: combustion of fossil fuels and deforestation 
(carbon dioxide); and animal farming, through the digestion 
and decomposition of waste, and decomposition of rubbish in 
landfill sites (methane). 

Describe two reasons why carbon dioxide levels have increased 
in the last 200 years.

Explain why deforestation may lead to increased levels of 
carbon dioxide.

1

2

Learning objectives:

•	 describe human activities that increase the amounts of 
carbon dioxide and methane

•	 evaluate the quality of evidence about global climate change
•	 recognise the uncertainties in predictions about climate 

change.

4.1e Human impacts on the 
climate 

Figure 4.1.15 Two examples of human 
activities that result in increased levels 
of carbon dioxide or methane in the 
atmosphere
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Figure 4.1.14 Graph showing that fossil 
fuel use has risen and carbon dioxide 
levels have risen at the same time – 
there is a correlation
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289Qu: What are the potential effects of increased carbon dioxide levels? →

4.1e
The scale of global climate change 
The average global temperature of the Earth and its 
atmosphere is increasing. This is global warming. The scientific 
consensus is that the rise in greenhouse gas concentrations has 
caused the rise in temperature.
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Figure 4.1.16 (a) Carbon dioxide in the atmosphere 1000–2000; (b) temperature 
difference from 1880 global average temperature, 1880–2000. What do these 
graphs tell you?

Climate describes the long-term patterns of weather in different 
parts of the world. Climate change is shown by changes to the 
patterns in air temperature, rainfall, sunshine and wind speed.

The major cause of global climate change is an increase in the 
average global temperature. 

Human activities producing greenhouse gases add to the 
natural causes of the rise in average temperature.

These activities are burning fossil fuels, deforestation, increased 
agriculture and rubbish decomposition.

Describe which human activities may add to global warming.

Explain two things that might happen if global warming continues.

Modelling climate change
It is very difficult to model such complex systems as global 
climate change. This is why the Intergovernmental Panel 
on Climate Change (IPCC) was set up through the United 
Nations in 1988. This panel draws on evidence from 
hundreds of scientists who contribute to papers and review 
each other’s evidence. They try to model what might 
happen and give probabilities to future events. For example, 
they predict that oceans will warm and that it is very likely 
that Arctic ice cover will continue to decrease.

Discussion of climate change presented in the media is often 
simpified, and speculation and opinions may be presented 
based on only parts of the evidence and part of the complex 
interpretations. At any stage of any explanation there may also 
be a biased viewpoint. 

did you Know?

The natural causes of 
increasing average global 
temperature are called 
‘forcings’. 

3

4

remember!

you do not need to know 
about the models of 
climate change or the 
work of the iPCC but you 
do need to know how to 
evaluate the quality of 
evidence.

did you Know?

Petrol, used in car engines, 
comes from a fossil fuel. it 
burns in oxygen to make 
carbon dioxide. increased 
carbon dioxide levels have 
been linked to climate 
change.

There has been an increase 
in methane from agriculture 
over the last 50 years. 
Explain how you would 
search for evidence of its 
effect on the temperature 
of the Earth.

Explain why a simple model 
of predicted climate change 
seen on a 2-minute TV news 
item may not give quality 
information. 

5

6
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The Earth’s atmosphere

AQA GCSE Combined Science: Synergy Unit 4 Link: 4.1f → 4.1g

Key words 

distribution
erosion
food producing 

capacity

The increasing levels of carbon dioxide from the use 
of fossil fuels and other human activities is a concern, 
particularly as the global population has risen so 
much over the last few decades. This means more 
human activities, which will produce higher levels 
of greenhouse gases. This will have a number of 
consequences that will affect all species living on Earth.

The risks of global climate change 
Scientists are concerned that if the average global temperature 
rises by 2°C there will be irreversible changes taking place, caused 
by a change in climate. Climate is not a short-term weather 
pattern change that follows cycles, but a long-term change in the 
whole weather system. A large number of scientists contribute 
evidence to the Intergovernmental Panel on Climate Change 
(IPCC) so that the risks of climate change can be assessed. No 
government can do this on their own, because it is a global issue.

The scientists use a number of indicators to demonstrate how 
the climate is changing. One such sensitive indicator is the 
retreat of glaciers.

Glaciers are mountain reserves of fresh water that are frozen. 
The mass of water now held in glaciers continues to decline. 

Explain the difference between a weather pattern and a climate 
change.

Suggest why it is important that glaciers remain high in mass.

Environmental concerns of climate change
There will be big changes in the environment while global 
warming continues. The impact will affect different regions 
in different ways. In some regions the impacts are already 
changing lives, for example for the people of the Arctic region 
where ice sheets are retreating.

The main effects are predicted to be:

• temperature stress for humans and wildlife (some areas will 
become too hot for people to make a living)

• water stress for humans and wildlife (fresh water supplies 
will reduce in some regions)

Figure 4.1.18 Glaciers are sources 
of frozen fresh water that are 
 diminishing. The sign here shows 
where the glacier was in 1908

1

2

Learning objectives:

• describe four potential effects of global climate change
• discuss the scale and risk of global climate change
• discuss the environmental implications of climate change. 

4.1f Effects of climate change

Figure 4.1.17 The potential effects 
of global climate change by warming 
include:

•	 sea level rise, which may cause 
flooding and increased coastal 
erosion

•	 more frequent and severe storms
•	 changes in the amount, timing and 

distribution of rainfall
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• changes in the food producing capacity of some regions (the 
production of wheat and maize has already been affected)  

• changes to the distribution of wildlife species (migration 
patterns are changing)   

Scientists are working on complex models to try to determine 
what may happen, as there are many interrelated factors to 
take into account.

Explain how each of the potential social effects of climate 
change listed in this section are related to the physical changes 
that are taking place.

Case studies
The white lemuroid possum is the first mammal in Australia to 
have become almost extinct due to global warming. There are 
just four known adults left. The white possum’s habitat spans 
cooler areas of high-altitude rainforest. Possums are vulnerable 
to increases in environmental temperature because they cannot 
maintain their body temperature.

Little terns are vulnerable to high tides and storms. These are 
happening more often because of global warming. Little terns 
migrate to the UK each spring and make their colonies just 
above the high tide line. Their nests are vulnerable to flooding 
by stormy seas.

Coastal mangrove forests grow in equatorial regions. Increasing 
numbers of storms and typhoons are undermining the fine 
sediment that the mangroves grow in. Seedlings cannot root and 
essential nutrients for the mangrove ecosystems are washed away. 

Increasing sea temperatures are causing bleaching of coral 
reefs. The algae living in corals cannot survive and the food 
source for the corals is affected. Around 20% of coral reefs 
have been destroyed in just 50 years.

Figure 4.1.19 The coral in the centre of the image has been bleached, but the 
surrounding corals have not, or have recovered their colour

Explain how global warming affects biodiversity.

Evaluate the impact of climate change on ecosystems.

remember!

you are not expected to 
remember all the details 
involved in the complex 
issue of global climate 
change but you should 
aim to be able to discuss 
the possible causes and 
implications. 

3

remember!

Learn three ways that 
global warming affects 
biodiversity.

4

did you Know?

if sea levels rose by 
1 m, half of the world’s 
important coastal 
wetlands would be 
threatened.

5

4.1f

Figure 4.1.20 How does global 
warming affect little terns?
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Key words 

alternative energy
carbon capture 
carbon off-setting 
carbon neutrality

There are two responses to increasing average global 
temperature – reduce it or adapt to it. Adapting to it 
means coping with the social changes and ways of living. 
Reducing it means reducing greenhouse gases. The 
reduction of carbon dioxide and methane emissions is 
called a mitigation action so that we do not have to adapt.

What is a carbon footprint?
A carbon footprint is the total amount of carbon dioxide and 
other greenhouse gases emitted over the full life cycle of a 
product, service or event.

We can often see what we are doing when burning a fuel that 
gives out Carbon dioxide. Examples are when we ride in a car 
or bus. At other times we may not notice. For instance, when 
we turn on the light or electric shower we do not always realise 
that the electricity we are using was probably generated by 
burning fossil fuels. We also do not take into account how 
much energy was used in making the car or the shower in the 
first place, and so how much carbon fuel was used to make it.

There is now an Intergovernmental Agreement, called  
the Kyoto Protocol, that, in essence, states that we  
should all reduce our carbon footprint.

Explain how playing a computer game has a carbon footprint.

Explain why governments agree that carbon footprints need 
reducing.

Reducing our personal carbon footprint 
Actions to reduce our personal carbon footprint include: 

• increased use of alternative energy supplies
• energy efficiency in our homes
• energy efficiency by driving cars that use less fuel (i.e. have 

higher mpg figures).

Explain how using solar energy reduces carbon dioxide 
emissions.

Explain whether or not using solar energy panels reduces the 
carbon footprint.

Figure 4.1.21 We do not burn fuel 
when  watching TV – or do we?

1

2

Figure 4.1.22 Alternative energy 
sources: using solar energy

Figure 4.1.23 Alternative energy 
sources: using nuclear energy

3

Figure 4.1.24 Alternative energy 
sources: using wind energy 4

Learning objectives:

• explain that carbon footprints can be reduced by reducing 
emissions of carbon dioxide and methane

• describe how emissions of carbon dioxide can be reduced 
• describe how emissions of methane can be reduced. 

4.1g Mitigating the effects of 
climate change
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Look at Figure 4.1.25. Explain how each of the methods labelled 
help to reduce the amount of energy we use in our homes.

7.5

22.5

0 15

Low-energy
light bulbs

Solar panels

Loft insulation

Thermostat
set low

Appliances
switched off

Cavity wall
insulation

Double glazing

Hot water tank
with jacket on

Figure 4.1.25 A diagram to show how households can use less energy by install-
ing more insulation or use energy more efficiently

Governments reducing the carbon footprint 
It is important that we reduce our own personal carbon 
footprint but there are some measures that governments or 
large companies or organisations will need to implement as we 
cannot do this on our own. These include:

• Carbon capture and storage – taking the emissions from 
a power station and depositing the carbon dioxide into 
an underground geological formation so that it will not 
enter the atmosphere. This is a new idea and so will need 
investment.

• Recycling carbon – many local governments have 
implemented waste recycling and composting schemes to 
help reduce greenhouse gas emissions from landfills and 
incinerators.

• Carbon off-setting, including increasing the carbon sink 
through tree planting and reforestation. Carbon off-setting 
can take place on a small local scale or a large scale such as 
the European Union Emissions Trading System. This trading 
market grew out of the agreements reached through the 
Kyoto Protocol. 

• Carbon neutrality – zero net release – is the aim of carbon 
off-setting. People and organisations aim to take out of the 
atmosphere as much carbon dioxide as they put into it, for 
example, by planting trees that use the equivalent carbon 
dioxide quantity as their emission from their electricity use. 
The idea is to produce a zero carbon footprint. 

Explain two different ways by which forestation can help 
reduce the carbon footprint.

5

did you Know?

This idea could have been 
tried by carbon capture 
and storing the carbon 
dioxide in the ocean, but 
this would have made the 
acidification of the oceans 
worse.

remember!

you do not need to know 
all the details of this topic 
but it is important to know 
where to find current 
information and be able to 
discuss it.6

4.1g
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Burning a fuel produces energy, which is what we want. 
However, burning a fuel can also produce unwanted 
products. If a fuel contains sulfur, then acid rain can result. 
If a fuel is burned in a shortage of oxygen then soot (carbon 
particles) may be produced, which is dirty and bad for 
human health. Burning fuels is a major source of pollution 
in the atmosphere.

Common atmospheric pollutants
The combustion of fuels is a major source of atmospheric 
pollutants. 

Most fuels, including coal, contain carbon and other elements 
such as hydrogen and may also contain some sulfur. The sulfur 
combines with oxygen to make sulfur dioxide.

When a fuel is burned the gases given off will include carbon 
dioxide and water vapour. However, they may also include 
unwanted gases such as carbon monoxide, sulfur dioxide and 
oxides of nitrogen. 

Burning fuels may also release solid particles and unburned 
hydrocarbons. These form particulates in the atmosphere.

Write down three unwanted pollutants that are released when 
a fuel is burned.

Problems caused by pollutant gases
Carbon monoxide is formed by the incomplete combustion 
of hydrocarbon fuels when there is not enough air. Carbon 
monoxide is a toxic gas that combines very strongly with 
haemoglobin in the blood. At low doses it puts a strain on the 
heart by reducing the capacity of the blood to carry oxygen. At 
high doses it makes people lose consciousness or even die.

Sulfur dioxide is produced by burning fuels that contain some 
sulfur. These include coal in power stations and some diesel 
fuel burned in ships and heavy vehicles. Sulfur dioxide turns to 
sulfuric acid in moist air. Along with oxides of nitrogen, sulfuric 
acid dissolved in rain water is called acid rain, and it damages 
plants and buildings. It also harms living organisms in ponds, 
rivers and lakes.

did you Know?

Carbon dioxide is not 
included in this group 
as, although it is a 
greenhouse gas and levels 
need to be reduced, it is 
not a harmful gas.

1

Learning objectives:

• describe how carbon monoxide, soot, sulfur dioxide and 
oxides of nitrogen are produced by burning fuels

• predict the products of combustion of a fuel knowing the 
composition of the fuel 

• predict the products of combustion of a fuel knowing the 
conditions in which it is used.

Key words 

hydrocarbons
particulates

4.1h Air pollution

Figure 4.1.27 The control panel of 
a boiler. Regularly checking boiler 
emissions for carbon monoxide is 
important

Figure 4.1.28 Cars need to have an 
annual check for the levels of NOx 
gases they emit

Figure 4.1.26 An image of coal burning. 
There are regulations in many urban 
 areas on the types of fuels you can burn 
so that the air in cities is kept clean
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Oxides of nitrogen are produced by the reaction of nitrogen 
and oxygen from the air at the high temperatures involved 
when fuels are burned. Sulfur dioxide and oxides of nitrogen 
cause or worsen respiratory diseases such as emphysema and 
bronchitis.

Explain the term ‘incomplete combustion’.

Why is carbon monoxide such a dangerous pollutant?

How is acid rain formed?

Particulates
Solid particles and unburned hydrocarbons form particulate 
matter (PM) in the atmosphere. 

Particulates cause health problems for humans because of 
damage to the lungs. The particles have a range of diameters 
and some are more penetrating in the lungs than others. 
Particles with diameters of less than 10 micrometers (PM10) can 
enter the airways to the lungs. With diameters of less than 2.5 
micrometers (PM2.5) they can penetrate the alveoli. Some have 
different shapes and so they are just the right shape to penetrate 
and remain in lung tissue. Some are small enough to get into 
the bloodstream. Particulates are deemed to be the most lethal 
pollution as they have the ability to go deep into lungs and 
enter the bloodstream. They can lodge in the body causing heart 
attacks and DNA mutations. There is no safe level of PM.

2

3

4

4.1h

did you Know?

nitrogen dioxide is no2, 
but there are other oxides 
of nitrogen in exhaust 
gases, so they are grouped 
together as nox. The 
common name is then nox 
gases.

Figure 4.1.29 The damaging effects of 
acid rain can be seen on this statue

Key inFormATion

remember rain is already 
slightly acidic because it 
dissolves carbon dioxide 
from the atmosphere. 
sulfur dioxide and oxides 
of nitrogen make the rain 
more acidic to levels where 
damage is done.

Figure 4.1.30 Dust and other  particulates from natural causes or burning fossil 
fuels can cause damage to the lungs

Particulates can cause health problems for humans.

a  Give two different ways that particulates can cause damage 
in the human body.

b  Governments have put measures in place to reduce 
particulate emissions. Explain the impact this may have on 
the climate.

5
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Key words

aquifer
precipitation
run-off

The water cycle provides fresh water for plants and 
animals on land. It describes how water moves on, 
above or just below the ground. Water molecules 
move between rivers, oceans and the atmosphere 
by precipitation, evaporation, transpiration and 
condensation.

Water cycles
Earth is known as the ‘blue planet’ because 71% of its surface 
is covered with water. Water also exists below the land surface 
and as water vapour in the air. Of this abundance of water, only 
a small percentage (about 0.3%) is usable by humans. The other 
99.7% is in the oceans, soils and ice caps and floating in the 
atmosphere.

There is no new water on the planet; it is ancient water that is 
continually recycled.

The water cycle is a natural cycle in which water from the 
oceans evaporates, condenses to form clouds, moves over high 
ground and precipitates (rains, snows, sleets or hails) water 
back to the ground to rivers, lakes and aquifers. Aquifers 
are bodies of permeable rock that can contain or transmit 
groundwater. In England and Wales there are 11 main aquifers.

For thousands of years we have lived with this natural cycle: 
drinking water from wells, rivers and lakes and excreting waste 
into the ground, where the solids are broken down by bacteria. 
The water finds its way back to groundwater or rivers and 
evaporates to form clouds.

One problem associated with the water cycle is water 
contamination. Chemicals that go into the water often are very 
difficult, if not impossible, to remove. One potential source of 
contamination of water is run-off: the overland flow of water. 
Although precipitation naturally causes run-off, stripping 
vegetation from land can add to the severity of it. The soil 
from such areas, as well as any pesticides or fertilisers that are 
present, are washed into the streams, oceans and lakes.

What are aquifers?

Explain why only 0.3% of total water is usable by humans.

Figure 4.1.31 The Perito Moreno 
 Glacier, Patagonia, Argentina

1

2

Learning objectives:

• explain the stages in water cycles
• explain the importance of the water cycle to living 

organisms.

4.1i The water cycle

Figure 4.1.32 The blue areas on this 
map of England and Wales show the 
extent of Carboniferous Limestone 
aquifer – one of the main aquifers in 
England and Wales
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4.1i
Explaining the water cycle
Water is continuously recycled by the following processes.

• Precipitation: water droplets in clouds get bigger and 
heavier and they fall as rain, snow or sleet.

• Evaporation: water evaporates as it is heated by the Sun’s 
energy. Water vapour is carried upwards in convection 
currents.

• Transpiration: water vapour is released into the air through 
stomata in leaves.

• Condensation: water vapour rises, cools and condenses back 
into water droplets, which form clouds.

vapour transport

precipitation

percipitation

percolation

runoff

groundwater

condensation

evaporation

vapour transport

precipitation

precipitation

percolation

run-off

groundwater

condensation

evaporation

Figure 4.1.33 The water cycle

The water cycle is important because it circulates water that:

• maintains habitats
• maintains internal fluids and transport systems
• is needed for chemical reactions
• is a reactant in photosynthesis.

Explain the stages in the water cycle.

In which stage of the water cycle can water be a:

a gas

b solid?

DiD you know? 

Clean water saves more 
lives than medicines do. 
That is why, after earlier 
disasters and issues in 
developing countries, relief 
organisations concentrate 
on providing clean water 
supplies.

3

4
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REQUIRED PRACTICAL
kEy woRDS 

boiling point
distillation
purity

DiD you know? 

There are two steps to 
getting the most accurate 
results from a chemical 
analysis: i) collecting 
samples and ii) analysing 
samples. Errors need to be 
reduced in both steps.

These pages are designed 
to help you think about 
aspects of the investigation 
rather than to guide you 
through it step by step. 

Fresh drinking water is essential for everyone. Water 
needs to be made safe, which means testing and 
treatment. River water can be fi ltered and bacteria 
removed or seawater can be distilled.

Analysing water samples
Various skills are needed to analyse water and carry out a 
distillation, including applying sampling techniques, manual 
dexterity and the safe use of heating devices.

Planning your sampling
One way of selecting samples is by section sampling. In this 
method, if 30 samples of river water are to be tested, they 
must be taken equally in each section over the whole stretch 
of river.

Imagine a new town is being planned that needs potable 
water. A river runs nearby. Your job is to test the water to fi nd 
the best place to site a water treatment plant. The pH needs to 
be 6.5–9.5. The river is 1 km long. It can be divided into three 
sections:

A. Open countryside over chalk (0.5 km)
B. Past a large dairy farm (0.2 km)
C. Past an old lead mine (0.3 km)

Think about these questions:

Thirty samples of river water are tested altogether. Calculate 
the number of samples needed for each selection.

Explain how you will test the pH of the samples.

1

2

learning objectives:

• describe how safety is managed, apparatus is used and 
accurate measurements are made 

• recognise when sampling techniques need to be used and 
made representative 

• evaluate methods and suggest possible improvements 
and further investigations. 

4.1j Analysis and purifi cation 
of water samples from different 
sources, including pH, dissolved 
solids and distillation 

The Earth’s atmosphere

SAFETy

For this practical, a risk 
assessment is required, and 
eye protection must be 
worn.

MAkinG linkS

when answering question 1, 
it might help you to refer 
back to topic 3.3k, about 
scientifi c sampling.

The effects of changing pH 
are covered in more detail 
in topics 7.3f and 7.4l.
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kEy inFoRMATion

A simplified equation for 
section sampling could be: 
Sample number for each 
section = total sample 
number × (size of section ÷ 
total size of all sections)

Therefore, the sample size 
for section A is estimated 
to be:
30 samples × (0.5 km ÷ 
1 km) = 15 samples

other than ‘what is the pH?’, what other questions will you ask 
about the sites that the samples are taken from? 

Some countries do not have access to fresh  
water, only seawater. This has dissolved  
salts in it that need to be removed. This is  
done by distillation. Figure 4.1.34 shows the  
apparatus for the standard technique.

Think about these questions:

Explain why the water in the flask is heated.

why is a condenser attached to the arm of the  
heating flask?

Describe how distillation works.

Explain the purpose of the thermometer.

why does the salt not evaporate?

Explain why the cold water flows from the  
bottom of the condenser out into the sink  
from the top of the condenser.  

Analysing the results
When three samples are gathered, they are tested for purity by 
finding the boiling point. Jo and Akira tested their three samples:

1st sample 2nd sample 3rd sample

Boiling point before 
distillation in °C

102.1 102.0 101.9

Boiling point after 
distillation in °C

101.4 101.6 100.8

Explain their results.

The way the equipment was used, and how techniques can be 
improved, should be considered.

Suggest ways to improve the sampling of river water above. For 
example, after answering question 3, would all the sites need 
to be included in the sampling?

Suggest ways to improve the measurement of pH or the 
distillation technique shown. 

Suggest what other investigations could be done to analyse 
drinking water samples.

Taking averages is common in science.

a  Calculate an average of the three sample boiling points both 
before and after the distillation. 

b  Explain whether separate or average boiling points are more 
useful.

c  The pH for 50 samples of river water at different locations 
was measured. Suggest whether an average or separate 
values would be more useful.

3

4

5

6

7

8

9

10

11

12

13

14

REMEMbER!

The water in the cooler 
jacket of the condenser 
does not mix with the 
water going through the 
centre of the condenser.

thermometer

water out

condenser

water in

pure water

heat

seawater

Figure 4.1.34 Distillation to remove salt from seawater

REquiRED 
PRACTiCAl

4.1j
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Key words

desalination
potable
reverse osmosis
sedimentation

Safe drinking water is essential for life. Where does 
it come from and how is it made safe? For humans, 
the appropriate quality drinking water should have 
sufficiently low levels of dissolved salts and microbes. 
How do you get safe water if it does not rain?

Producing potable water
Water that is safe to drink is called potable water. In a chemical 
sense potable water is not pure water because it contains 
dissolved substances, which are needed by the body.

There are several methods used to produce potable water. The 
method chosen depends on available supplies of water and 
local conditions. 

Traditionally, settlements grew up on river banks or close to 
lakes because there was an abundant source of water. Other 
settlements relied on water from groundwater that collected in 
aquifers. They extracted it from wells.

In the UK, as the population grew in cities, reservoirs were built 
to provide constant fresh drinking water for everyone. 

The water is provided by rain. This water, with low levels of 
dissolved substances (fresh water) collects in the ground and in 
lakes and rivers and is then treated to make it potable. 

There are three main stages in water treatment:

• sedimentation of particles so that solids clump together and 
drop to the bottom

• filtration of very fine particles using sand
• sterilising to kill microbes, which could otherwise cause 

diseases such as typhoid or cholera. Sterilising agents 
that are added to the water include chlorine, ozone or 
ultraviolet light. 

Explain the stages involved in rain becoming drinking water.

Suggest why the sterilisation stage of water purification is 
carried out last.

Some data for a drinking water sample are shown below. 
Explain whether the water is potable.

Figure 4.1.35 Groundwater is held  
in aquifers and is reached from the 
surface through artesian wells

Figure 4.1.36 Huge reserves of water 
are held to provide drinking water

Figure 4.1.37 A sedimentation tank 
at a water-treatment works

1

2

3

Learning objectives:

• distinguish between potable water and pure water
• describe the differences in treatment of ground water and 

salty water
• give reasons for the steps used to produce potable water.

AQA GCSE Combined Science: Synergy Unit 4 Link: 4.1k → 4.1l

4.1k Sources of potable water
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bacteria per 
100 ml

Lead / μg per 
ml

nitrate / mg 
per l

Sample of drinking water 2 2 15

Maximum allowed 0 10 50

Potable water from seawater
Seawater has so many substances dissolved in it that it is 
undrinkable. However, if supplies of fresh water are limited, 
desalination of salty water or seawater is necessary to remove 
the dissolved substances.

Desalination can be done by distillation or by processes that use 
membranes such as reverse osmosis. These processes require 
large amounts of energy, so are very expensive. They are only 
used when there is not enough fresh water.

Many countries with little fresh water rely on desalination 
processes using distillation or reverse osmosis. Spain is the 
largest operator of desalination plants in Europe.

Suggest why Spain operates more desalination plants than the UK.

Explain which stage in distillation makes the process so costly.

The urban water cycle 
Urban lifestyles and industrial processes produce large 
amounts of waste water that require treatment before being 
released into the environment. This can be from domestic 
washing machines, dishwashers and showers. It can be from 
industrial processes such as cleaning cycles and solvent usage in 
manufacturing processes and from cooling systems. 

The industrial waste water may contain pollutants such as 
organic matter and harmful chemicals that require extra 
treatment before it can go back into the fresh water cycle.

Agriculture is by far the biggest user of water. Agricultural 
waste water can cause problems to ecosystems by containing 
too many nutrients. 

This is why sewage and agricultural waste water require treatment 
to ensure the removal of organic matter and harmful microbes. 

Sewage treatment includes: 

• screening and grit removal – at this initial stage, most of the 
inorganic material is removed from the sewage

• sedimentation to produce sewage sludge and effluent 
• anaerobic digestion of sewage sludge – anaerobic bacteria 

are added to break down or ‘digest’ the organic matter 
in the sludge to water and minerals. This process releases 
methane, carbon dioxide and hydrogen gases.

• aerobic biological treatment of effluent – oxygen is pumped 
through the sewage treatment works to allow aerobic 
bacteria to break down any remaining organic matter in the 
effluent.

4

5

Figure 4.1.38 Aerial view of a 
sewage-treatment works, showing a 
number of tanks where  sedimentation 
and treatments with bacteria take 
place

4.1k

MAkinG linkS

Refer back to topics 2.1a 
and 2.1b for a reminder 
about aerobic and 
anaerobic respiration.

Suggest how sedimentation 
works and predict one 
limitation.

Explain why urban lifestyles 
need organised waste 
water management.

6

7
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The Earth’s atmosphere

AQA GCSE Combined Science: Synergy Unit 4 Link: 4.1l → 4.2a

Key words 

approximately
fractions
orders of magnitude
percentages
segment

4.1l Use ratios, fractions and 
percentages
Learning objectives:

• extract information from charts, graphs and tables
• use orders of magnitude to evaluate signifi cance of data.

To support life as we know it there must be a proportion 
of oxygen in the atmosphere. The percentage of 
oxygen in the air was not always 20% and there was 
no oxygen until plants began to photosynthesise. How 
does a fi fth of our atmosphere contain oxygen when 
animals are constantly using it? Why did the percentage 
composition of the atmosphere change? 

The composition of air
Air is a mixture of gases. It contains nitrogen and oxygen and 
there are other gases present such as carbon dioxide, water 
vapour and noble gases like argon in small amounts.

If the other gases are taken out of the diagram it will show 
that the air is approximately 4

5  nitrogen and 1
5  oxygen. 

Approximately means ‘about’. If the circle is divided into
5 equal parts, 4 parts represent nitrogen and 1 part represents 
oxygen. The fractions are 4

5  and 1
5 , respectively.

If the circle is now divided into 10 equal parts (so double the 
number of parts) then 8 represent nitrogen and 2 represent 
oxygen. The fractions are 8

10 and 2
10, respectively.

Now imagine that each of the ten segments were divided into 10. 
There would be 100 segments in the circle. 80 of these would 
represent nitrogen and 20 segments would represent oxygen. 
The fractions are 80

100  and 20
100 , respectively.

Fractions representing 1
100  are percentages. So 80

100  is 80% and 
20

100  is 20%.

Now as fractions, percentages and a ratio the summary is:

4
5

8
10

80
100 80% Ratio

4:11
5

2
10

20
100 20%

The atmosphere of Mars is approximately 19
20 carbon dioxide, 1

20 
other gases. What is: a the percentage of gases;  b the ratio of 
gases? 

If an ancient atmosphere had been 3:1 methane to ammonia, 
what would be the percentage of each gas?

remember!

if you are drawing a 
pie chart, you draw 
the segments in order 
from largest to smallest 
clockwise.

Figure 4.1.39 Proportion of gases

oxygen
approx.

20%

nitrogen
approx. 
80%

argon 1%,
carbon dioxide 0.04%

2
10

8
10

1
5

4
5

nitrogen
oxygen

1

2
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4.1l
Extracting and interpreting data from graphs
You can extract the average temperature 
for 1950 from Figure 4.1.40, but if you are 
asked to suggest why temperatures are 
rising, you will have to use your knowledge 
and understanding of the reasons for global 
warming.

Some graphs have two vertical axes. In Figure 
4.1.41, the red line denotes total crop yield 
while the grey line denotes world population. 
You need to make sure you look at the correct 
axis when you are extracting data.

What is the highest temperature shown in 
Figure 4.1.41? How much higher is it than 
the temperature in 1880?

Discuss whether or not the data in Figure 
4.1.42 show that there has been a growing 
threat of malnutrition since 2009.

Using orders of magnitude and 
estimates
orders of magnitude are often used to 
make very approximate comparisons 
between things that are very different sizes. 
The difference is expressed in factors of ten. 

Typical diameter

Grain of sand 1 mm

Grain of pollen 100 μm

Particle of soot from a diesel car 100 nm

Diameter of a grain of sand = 1 mm = 10–3 m 

Diameter of a particle of soot = 100 nm = 10–9 m

So the difference in their order of magnitude is 6 (the 
difference between −3 and −9).

Scientists and mathematicians sometimes have to estimate 
values that they don’t know exactly. Using orders of magnitude 
to estimate is really useful. 

You can obtain surprisingly accurate answers from simple 
calculations if you make correct estimates of the order of 
magnitude for each quantity. 

What is the difference in the order of magnitude between a 
grain of pollen and a particle of soot?

Using the correct order of magnitude, state how long it 
would take you to walk from London to Glasgow.

3

4

5

6
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Figure 4.1.40 Changes in average global temperatures

Figure 4.1.41 Graph showing world population and total crop 
yield

remember!

1 millimetre (mm) = 10–3 m
1 micrometre (μm) = 10–6 m
1 nanometre (nm) = 10–9 m
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The Earth’s atmosphere

Check your progress

you should be able to: 

■■   describe the ideas about the 
Earth’s early atmosphere. ➞

■■   interpret evidence about the 
Earth’s early atmosphere. ➞

■■   evaluate different theories 
about the Earth’s early 
atmosphere.

■■   identify the processes 
allowing oxygen levels to 
increase.

➞
■■   explain the role of algae 
in the composition of the 
Earth’s early atmosphere.

➞
■■   describe how photosynthesis 
contributed to the Earth’s 
early atmosphere.

■■   describe the main changes in 
the atmosphere over time. ➞

■■   describe some of the likely 
causes of these changes. ➞

■■   explain how levels of carbon 
dioxide are measured.

■■  name the greenhouse gases.

➞
■■   explain the greenhouse 
effect. ➞

■■   explain these processes as 
interaction of radiation with 
matter.

■■   evaluate the quality of 
evidence about global 
climate change.

➞
■■   describe uncertainties in the 
evidence base. ➞

■■   recognise the importance of 
a worldwide effort to bring 
about change.

■■   discuss the scale of global 
climate change. ➞

■■   discuss the risk of global 
climate change. ➞

■■   discuss the environmental 
implications of global climate 
change.

■■ identify the major source of 
air pollutants. ➞

■■ describe the health problems 
related to some products of 
combustion.

➞
■■ explain how pollutants harm 
health and the environment.

■■ explain the importance of 
the water cycle to living 
organisms.

➞
■■ describe the process of 
distillation. ➞

■■ describe principal methods 
for increasing the availability 
of potable water.
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Worked example

The answer is correct 
for maintaining levels 
of oxygen. However, 
air is breathed in and 
out. Oxygen is used for 
respiration in cells, not  
for breathing.

The student has recalled 
the reactants and products 
but has not understood 
how to balance the 
equation, which should be                                         
6CO2 + 6H2O → C6H12O6 + 6O2

The answers given for  
a) and b) are not incorrect 
but they lack detail. Fuller 
answers would include: a) 
Plants used carbon dioxide 
for photosynthesis. Carbon 
dioxide was also used to 
make animal skeletons 
and shells, which formed 
sedimentary rocks. 
b) Through photosynthesis 
plants produced oxygen. 
Over time levels increased.

This answer is correct. The 
process is called degassing.

The air contains a mixture of gases. One gas occupies 80% of 
the total.

Identify the gas. 

a oxygen b carbon dioxide  

c nitrogen d helium 

Describe which gases formed the early atmosphere and 
where they came from. 

They were carbon dioxide and nitrogen and they came from 
volcanoes.

Describe how in the early atmosphere: 
a levels of carbon dioxide were reduced 
b levels of oxygen were increased 

a Plants used up the carbon dioxide.

b Plants gave out oxygen.

Describe how the levels of oxygen and carbon dioxide are 
maintained in the atmosphere today. 

Plants use carbon dioxide
 
during photosynthesis and give 

out oxygen. Animals use oxygen for breathing in and 
breathe out carbon dioxide.

 
It’s a cycle.

Write the symbol equation for photosynthesis.

CO
2 

+ H
2
O ➝ C

6
H

12
O

6
  +  O

2

Describe the steps needed to make river water into potable 
water.

The water needs to be left in a holding tank for solids to sink 
as sediment. The water is filtered through sand to take out 
any small pieces of waste and fine particles. The microbes are 
killed using chlorine.

1

2

3

4

5

6

The answer is full and 
correct. The last stage is 
called sterilisation.

The answer nitrogen is 
correct.

225387_GCSE_Synergy_Topic4_CH4.1.indd   305 23/09/16   2:55 PM



306 AQA GCSE Combined Science: Synergy Unit 4

The Earth’s atmosphere

End of chapter questions

Getting started

Identify the gas that causes acid rain.

A sulfur dioxide                        B hydrogen             
C carbon monoxide                  D argon

Which of these gases is a greenhouse gas?

A hydrogen  B oxygen  C argon  D methane

Suggest two factors that caused carbon dioxide levels to decrease in the Earth’s 
early atmosphere.

A species of bird has started to migrate to a different island further north than 
usual. What could this be due to?

A increased oxygen levels  B global warming   
C acid rain D ozone depletion 

Which stage is used to destroy microbes when treating water?

A filtration  B sedimentation  C chlorination  D distillation

Peter is building his own new house. Suggest two things he could include in  
the building to reduce his carbon footprint.

Match the readings to the change.

ppm CO2  27  31  35  37 increase in global warming

ppm NOx 3.6  4.4  5.2  5.6 increase in greenhouse gas

oC 12  12.5  12.9  13.1 increase in acid rain

Going further

Describe how potable water is made from seawater. 

Identify the atmospheric pollutants given off from the incomplete combustion 
of fuels.

Compare the wavelength of radiation entering the Earth’s atmosphere to that 
being given out at the Earth’s surface.

Describe how respiration increases the level of carbon dioxide.

Explain the role of anaerobic bacteria in the treatment of sewage. 

These average winter temperatures at a glacier have changed each year. 
Explain what may happen in 10 years’ time.

Data table for Years 1–7:

–2.0°C –1.8°C –2.5°C –1.5°C –1.5°C –1.1°C –0.8°C

1

1 Mark

2

1 Mark

3
2 Marks

4

1 Mark

5

1 Mark

6
2 Marks

7

2 Marks

8 2 Marks

9
1 Mark

10
1 Mark

11 2 Marks

12 2 Marks

13

2 Marks
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More challenging

Describe the difference in wavelength between radiation reaching 
the Earth from the Sun and radiation reflected back from the Earth’s 
surface. How does this affect how much radiation is absorbed by 
greenhouse gases in the atmosphere?

The diagram shows the carbon cycle.

carbon dioxide in the air

fossil fuels – coal,
oil and gas

carbon stores in the ground

carbon stored in
living organisms

calcium
carbonate in

seashells

carbon stored
in the ocean

aquatic biomass

limestone rocks

decayed plant and animal
matter in the soil

respiration &
decomposition

photosynthesisfossil fuel
emissions

Name three different stores of carbon shown on the diagram. Use the 
diagram to explain, as fully as you can, how carbon is cycled.    

The amount in millions of tonnes of NO2 and SO2 produced in the UK is 
shown in the table from 1970 to 2010, every 5 years.

Year 1970 1975 1980 1985 1990 1995 2000 2005 2010

NO2 2.67 2.57 2.67 2.60 2.88 2.31 1.79 1.58 1.12

SO2 6.32 5.17 4.76 3.68 3.68 2.36 1.22 0.71 0.43

Describe and explain the trend for NO2 and SO2 produced.

Most demanding

Explain what is meant by the term ‘carbon off-setting’.

Life on Earth depends on water, on land and in the seas. Explain, as fully as 
possible, the importance of water in supporting life on Earth.

Earth’s early atmosphere was probably similar to Venus’s atmosphere now.

Earth’s atmosphere / % Venus’s atmosphere / % 

Nitrogen 78.1 3.5

Oxygen 21.0 trace

Carbon dioxide 0.039 96.5

a  Explain why planets such as Venus are used as a model for the early 
atmosphere on Earth.

b  Work out how many times more carbon dioxide there is on Venus 
compared to Earth.

c Explain the difference in oxygen concentration.  

14

2 Marks

15

6 Marks

16

2 Marks

17 2 Marks

18
4 Marks

19

Total: 40 Marks

4 Marks
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