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GRADE 9: Materials 2 

Pollution 

About this unit 
This is the second of four units on materials for 
Grade 9. The unit draws on all the chemistry that 
has been taught in the earlier grades. Many 
studies in this unit are linked closely to work in 
Unit 9M.3. 

The unit is designed to guide your planning and 
teaching of lessons on materials. It provides a 
link between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 10 and Grade 7. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already have an 
understanding of chemical bonding, should understand the chemical 
changes involved in burning and be aware of the products of burning fossil 
fuels. They should understand the concept of acidity and pH and be familiar 
with the gas carbon dioxide. They should also have a sound understanding 
of habitats covered in life science. 
 

Expectations 
By the end of the unit, students list the most significant sources of air 
pollution and explain ‘global warming’ – what causes it and why it is a 
reason for concern. They describe the processes that put carbon dioxide 
into the atmosphere and those that remove it. They describe the processes 
that lead to acid rainfall and list the consequences of it. They list the main 
sources of water pollution and some of the processes that use up dissolved 
oxygen in water; they describe what happens to water that has become 
depleted in oxygen. They know how scientists work, and understand that the 
context in which they work affects what they do.  

Students who progress further understand the cyclic nature of the 
processes that ensure the chemical stability of the biosphere. They 
recognise that the composition of the atmosphere has always changed 
slowly over time but is now changing much faster because of human 
intervention. They explain the greenhouse effect in terms of absorption and 
emission of radiation of differing frequency. They understand the importance 
of independent environmental monitoring and the potential of thermal 
pollution to damage the local environment. 
 

Resources 
The main resources needed for this unit are: 
• video on the interdependence of natural systems 
• online or CD-based searchable information resource, suitable for students 

at this level, such as Microsoft Encarta 
• microscale chemistry equipment 
• oxygen meter 
• datalogger (optional) 
• Internet access  
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• atmosphere, pollution 
• names of the most common components of the atmosphere 
• photosynthesis, respiration 
• aerobic decomposition, anaerobic decomposition, eutrophication 
• carbonaceous fuels  
• pH, acidity 
• environment, monitoring 

UNIT 9M.2 
12 hours 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.15.1 List and explain the most significant sources of air pollution.  

 

 

9.15.2 Explain the causes of ‘global warming’; know why scientists are concerned 
about it and the steps they propose to counter it. 

10F.19.7 Know why the build up of some gases, 
such as methane and carbon dioxide, 
in the atmosphere is leading to a 
warming of the atmosphere and 
climate changes. 

7.13.3 Know that when a substance burns, 
it combines chemically with the 
oxygen in the air and that the overall 
mass of the product(s) is greater 
than the original mass of the 
material. 

9.15.3 Know that air pollution is an inevitable consequence of the petrochemical 
and petroleum industries and explain steps taken by companies to 
minimise it. 

10F.16.10 Be aware that large-scale extraction 
and refining processes are often 
damaging to the environment and that 
this has to be balanced against the 
benefits of the processes; list some of 
the steps taken to minimise 
environmental degradation in the 
processes studied. 

7.14.8 Know that acids react with 
carbonates to liberate carbon 
dioxide, which can be identified by 
bubbling it through fresh limewater. 

9.15.4 Describe the processes that lead to acid rainfall and list the consequences 
of it. 

 

9.15.5 List and explain the main sources of pollution of water. 6.11.4 Separate insoluble solids from a 
liquid by filtration and state everyday 
examples of filtration, such as coffee 
making, sewage works and water 
purification. 

9.15.6 Know that pollution of the sea by waste heat from industry is a major 
problem for Qatar industry; know how this form of pollution is being 
prevented. 

 

9.8.2 Know how the rate of respiration is 
affected by temperature, oxygen 
concentration and the availability of a 
respiratory substrate. 

9.15.7 Explain the importance of maintaining the concentration of dissolved 
oxygen in water and describe some of the processes that reduce it. 

 

7.15.10 Know that the surface of the Earth 
consists of moving continental plates 
floating on a layer of molten rock 
below the surface. 

9.16.4 Name the common fossil fuels and explain their origin.  

4 hours 

Natural cycles 
and changes 
 

4 hours 

Pollution of the 
atmosphere 
 

4 hours 

Pollution of water 

 

 

 9.2.2 Know how scientists carry out work such as monitoring the environment 
and controlling industrial processes. 

 

  9.2.7 Know that scientific work may be affected by the context in which it is 
undertaken. 
 

 

Unit 9M.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

The central element of the work in this unit should be a visit to an industrial complex based on 
the Qatar gas field, such as Ras Laffan. Many of the components of this unit should be linked to 
the visit. The visit should also be linked with other units such as Unit 9M.3 on energy. 

As an introduction to this unit, it is helpful to show a video about the interdependence of natural 
systems, such as climatic systems, the water cycle and living systems. A number of such 
videos have been made for general audiences. Refer back to this throughout the unit; 
appropriate clips can be reshown. 

See the note later on planning an industrial visit. 

Videotape and CD-ROM catalogues may be 
consulted; see companies such as Discovery 
channel, Granada learning, BBC, 4Learning. 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Natural cycles 
Draw together earlier work done on the following natural cycles in both materials and life 
science (the grades show when elements of each cycle were first studied): 
• water cycle (Grade 5); 
• rock cycles (Grade 7); 
• feeding relationships (Grade 8); 
• carbon cycle – photosynthesis and respiration (Grade 8); 
• nitrogen cycle (Grade 7). 

Some of these cycles will have been covered explicitly but some, such as the nitrogen and 
carbon cycles, may have been implicit. The carbon cycle may have been covered as two 
separate components, photosynthesis and respiration, but their inter-relationships may not have 
been made clear. Spend some time revising and clarifying all these natural cycles. Ask students 
to work in groups and require different groups to prepare a display of different cycles. The cyclic 
nature of all the relationships should be clearly shown diagrammatically. Then ask groups to 
present their work to the class. Get everyone to make a fair copy of each cycle. 

 
ICT opportunity: Cycle displays can be done 
using display software. 

 

4 hours 

Natural cycles and 
changes 
Name the common fossil 
fuels and explain their origin. 

Changes in the past 
Recall from Grade 7 that the Earth has changed much over geological time. Link this work, if 
possible, to the study of adaptation and evolution in Grade 9 life science. Ask students to find 
out how scientists believe that the atmosphere has changed over geological time and why. 
Draw out the main changes that have occurred, emphasising in particular: 
• that the chemical composition of the Earth’s atmosphere is not something that is fixed; it has 

always been undergoing slow changes; 
• that the oxygen in the air has been produced by living plants; 
• the importance of water in the atmosphere in supporting life. 

 
ICT opportunity: Use of the Internet as a 
source of information on changes in the 
atmosphere over geological time. 

 

Unit 9M.2 



324  |  Qatar science scheme of work  |  Grade 9  |  Unit 9M.2  |  Materials 2 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

What was Qatar like in the past? 
This study is also a component of Unit 9M.3 on energy sources.  

Ask students to find out, from books or the Internet, how gas fields were formed and when. Ask 
them to show the process diagramatically in their books. Ask them also to try to find out how 
factors such as climate and geographical position on the Earth’s surface have changed since 
the days the gas field was laid down.  

 

 
ICT opportunity: Use of the Internet. 

Charts, booklets and videos on the origins of oil 
and gas, suitable for use in schools, are 
available from the major oil and gas exploration 
companies. 

As the end of this and the previous topic, 
students should be clear that climate and 
geographical conditions are in constant change 
over geological time and also that most of the 
fuels that we use now were made, at some time 
in the past, from living material. 
 

 

What is in the air? 
Recall Grade 7 work on the composition of the air. Show a pie chart of the main components of 
the air. Explain that in this unit the focus will be on the very small segments, such as carbon 
dioxide and methane. Provide students with a list showing the ten main components of dry air 
and ask advanced students to calculate the total mass of each. 

Ask students to organise themselves to keep a record of atmospheric humidity, using a wet/dry 
bulb hygrometer or an automated system, over the period of the unit. They should use these 
figures to calculate the typical percentage humidity. They may compare the figures with those 
from different countries.  

Students may obtain an idea of the amount of dust in the atmosphere inside and outside by 
placing microscope slides smeared with petroleum jelly at different locations in the school. Tell 
them to estimate the number of dust particles per cm2 adhering to the slide using a microscope. 
Multiple measurements improve accuracy. Repeat this activity at different times during the year 
to investigate seasonal variation. 

 
Total mass of the atmosphere is approximately 
5 × 109 million tonnes. 

ICT opportunity: Data on the composition of 
the atmosphere is available on the Internet. 

A school weather station, run by students, is a 
very useful resource. Data such as maximum 
and minimum temperature, pressure, rainfall 
and humidity can be collected on a daily basis 
and displays maintained throughout the year. 
These can be automated using datalogging 
equipment. 

 4 hours 

Pollution of the 
atmosphere 
List and explain the most 
significant sources of air 
pollution. 

Explain the causes of ‘global 
warming’; know why 
scientists are concerned 
about it and the steps they 
propose to counter it. 

Know that air pollution is an 
inevitable consequence of the 
petrochemical and petroleum 
industries and explain steps 
taken by companies to 
minimise it.  

Describe the processes that 
lead to acid rainfall and list 
the consequences of it. 

Know that scientific work may 
be affected by the context in 
which it is undertaken. 

Know how scientists carry out 
work such as monitoring the 
environment and controlling 
industrial processes. 

The greenhouse effect 
Conduct, in groups, an activity to model the greenhouse effect. In each of two identical boxes 
the size of a shoe box, place a thermometer and a tennis ball, or similar object, painted black. 
Cover one box with plastic film. Place the boxes next to each other in the sun in such a way that 
the thermometer bulbs are in the shade. Some 15 to 30 minutes later, check the temperature in 
each box and feel the tennis balls. Ask the class to interpret the observations. In particular, ask 
the class to note the observed change in the temperature of the tennis balls. 

Discuss the ‘greenhouse’ mechanism and the similarities between the role of the plastic film in 
causing the contents of the box to warm up and the effect caused by atmospheric ‘greenhouse 
gases’ such as carbon dioxide and methane. Show diagrammatically what happens to the 
energy from the Sun when it reaches Earth and why greenhouse gases will allow it in but will 
not allow it out. Link this explanation to work on the electromagnetic spectrum in Unit 9P.4. 

 
Enquiry skill 9.1.2 
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Objectives Possible teaching activities Notes School resources 

Sources of carbon dioxide 
Recall from Grade 7 the test for carbon dioxide using freshly made limewater. Speculate with 
the class on possible sources of carbon dioxide in the atmosphere around the school. Help 
them collect air from around possible sources in polythene bags and test them. Ask them to try 
to develop a fair test so that some crude assessment of the concentration of the gas, compared 
with its concentration in air, can be made. Using microscale techniques is helpful as it allows 
small numbers of bubbles of the gas to be counted as it is bubbled through limewater. 

Sources of carbon dioxide can include: normal air, expired air, car exhaust, air above a flame 
such as a bunsen flame. 

Bring the work on carbon dioxide and the work on the greenhouse effect together and discuss 
the need to limit the use of fuels such as petrol that produce carbon dioxide. Introduce the 
concept of carbonaceous fuels and ask the class to list the main ones in a summary table. In 
other columns in the table they should write a sentence on how the fuels were made originally, 
what the fuels are mainly used for and the main gases produced when they burn. Either build 
up the table through discussion in class or set students the task of developing the table through 
library and Internet research. 

Identify the main constituent of Qatar gas. Write a word and a symbol equation to show the 
products of burning Qatar gas. Establish, with the class, the link between burning carbon-based 
fuels such as Qatar gas and global warming. 

 
Enquiry skill 9.1.1 

Limewater should always be freshly made. The 
best way is to maintain a bottle of saturated 
calcium hydroxide solution that is always topped 
up completely with water and shaken whenever 
some limewater is decanted from it. 

Microscale chemistry kits adapted for use in 
schools are widely available. 

Safety: Car exhaust may contain carbon 
monoxide, which is poisonous. The exhaust 
gases should be collected under strict 
supervision by the teacher.  

Safety: Polythene is flammable. A safe system 
of collecting the gas around a naked flame, 
using a glass funnel and tube, should be 
devised. 

ICT opportunity: Use of the Internet. 

 

Encourage advanced students to obtain figures for the change in average concentration of 
carbon dioxide in the atmosphere over the last century or more and plot a graph to show the 
change. They can also plot a graph of average atmospheric temperature over that time and 
discuss and evaluate, in a class debate, the strength of the evidence that the former is a cause 
of the latter.  

The key feature of the current build-up of carbon dioxide in the atmosphere that must be made 
clear to all students is that it is happening much faster than changes have happened in the past 
and that it is caused by human activities. 

Enquiry skills 9.1.2, 9.1.3 

 

 

 

Visit to an industrial site 
Organise and prepare students for a visit to an industrial site such as Ras Laffan. Choose the 
plant to be visited carefully and do not try to include too much. The best plant to visit at Grade 9 
level is the service plant that provides cooling water to the whole complex. This will allow an 
overview of the different activities on the site, showing how they all depend on each other and 
all ultimately depend on the gas supply. It will also allow an assessment to be made of the 
extent to which the activities on the site are regulated and controlled to minimise pollution of 
both air and the sea.  

The visit should be linked with other units such as 9M.3. Studies that can form part of the visit 
are: 
• the use made of Qatar gas in different industries, both as a fuel and as a feedstock; 
• the precautions taken to minimise air and water pollution; 
• the precautions taken to minimise pollution by waste heat; 

 
Industrial visits take a long time and much effort 
to plan. Tight security procedures are often in 
operation in all locations and the industrial plants 
will require full details of all visitors. Ensuring 
that all security checkpoints are aware of the 
visit in advance will save time. Students must be 
fully briefed on what activities are acceptable 
and what are not during a visit. In particular, the 
issue of taking photographs should be fully 
clarified beforehand. 
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Objectives Possible teaching activities Notes School resources 

 

• the interdependence of the industries being established on the site; 
• the economic value to Qatar of the industries; 
• the scale of the industries being established compared with plants elsewhere, and data 

relating to input and output quantities, throughput of cooling water, electrical power 
consumption, etc.; 

• the main activities of scientifically qualified workers in the plant. 
 

  

The pH of rain 
This small activity may have to be postponed to take advantage of one the few showers during 
the winter. Ask students to collect a small amount of rain before it reaches the ground and test 
its pH by any method. Encourage them to consider how to ensure that the results are 
reproducible and reliable, such as taking multiple samples from the same place and samples 
from a variety of different places. As an alternative or complementary activity ask students to 
collect samples of air from different places in polythene bags and then bubble these carefully 
through a small quantity of distilled water, monitoring the pH of the water in the process. Some 
air samples can be collected during the industrial visit. 

Tell students to write up the results of this research and discuss the results. In particular, 
encourage them to propose reasons for any variations in pH observed. 

 
Electronic pH meters are much better than 
indicators for this work as they are much more 
sensitive to the small pH changes involved. 

 4 hours 

Pollution of water 
List and explain the main 
sources of pollution of water. 

Know that pollution of the sea 
by waste heat from industry is 
a major problem for Qatar 
industry; know how this form 
of pollution is being 
prevented. 

Explain the importance of 
maintaining the concentration 
of dissolved oxygen in water 
and describe some of the 
processes that reduce it. 

Sulfur dioxide in the atmosphere and sulfur concentrations in Qatar gas 
Ask students to find out why the presence of excessive sulfur dioxide in the atmosphere, 
particularly in industrial areas, causes a pollution problem when it is washed out onto the land 
by rain. Encourage them to identify ways in which this problem is being solved. Ask them to find 
out what sulfur compounds are present in Qatar gas, what problems they cause, and how they 
are removed. These are questions that can be investigated during the industrial visit. Tell 
students to make a summary display (in the class, in their books or electronically) that 
addresses as many aspects as possible of the problem of high sulfur concentrations in middle-
eastern oil and gas. 

  

 Thermal pollution 
A main feature of the industrial visit should be to study the issue of waste heat and its disposal 
using seawater. During the visit, students should obtain details of the problem, such as the 
amount of heat produced by a plant, how it is removed, how much seawater is used and the 
temperature of the emerging cooling water. They should find out about what environmental 
monitoring is in place, both by the company and by independent inspectors, and what it shows. 
Ask students to imagine they are environmental inspectors and to write a report on the impact 
on the environment of the industrial plant they visit, based on the information that they can 
collect. 

 
Enquiry skill 9.2.2 
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Objectives Possible teaching activities Notes School resources 

Dissolved oxygen 
This section can be covered through group research projects. Ask students to plan, in groups, a 
survey of the oxygen concentration of water from different sources of their choice. For this they 
will need battery-operated oxygen meters, preferably linked to datalogging equipment. Possible 
activities to suggest include: 
• how oxygen concentration changes with diurnal changes in temperature; 
• the effect of oxygenating plants; 
• the impact of rotting leaves (place cut leaves in water samples in plastic aquaria left in 

different conditions in the school grounds). 

Try to ensure that the range of investigations is wide but that the individual investigations are 
clearly focused and achievable. 

Ask students to share observations and collectively draw any significant conclusions. Among 
those that should emerge are: 
• dissolved oxygen concentration decreases as temperature increases; 
• the presence of living green water-plants increases dissolved oxygen concentration; 
• rotting vegetation removes dissolved oxygen from water; 
• removal of dissolved oxygen causes water to smell, as anaerobic decomposition processes 

produce strong-smelling volatile substances. 

Explain the process of eutrophication that takes place in water as plant material dies and 
decomposes, using up the dissolved oxygen. Recall earlier work on local sewage disposal and 
the smell often associated with sewage works.  

Ask students to prepare a report of their work, drawing appropriate conclusions either in their 
books or using display software. Tell them to use photographs in the display if possible. 

 
Enquiry skills 9.1.1, 9.1.2, 9.1.4, 9.1.5, 9.3.1, 
9.4.1 

The activities in this section require regular 
monitoring over periods of time running into 
several weeks. This requires careful planning. 

A well-maintained shallow freshwater laboratory 
aquarium or a school pond is a very useful 
teaching aid for this work. 

ICT opportunities: Use of an oxygen meter 
attached to a datalogger. The use of digital 
photography can greatly enhance this kind of 
work. 

 

 

Wider issues of water pollution 
Link, using media such as video clips and the Internet, the work students have done on wider 
issues of water pollution. Return to the possible impact on local marine ecology of industrial 
pollutants in Qatar. Consider some specific studies of the impact of water pollution, including 
those concerning the Minemata disaster, the protection of coral reefs and any recent studies 
reported in the media. 
 

  

 



328  |  Qatar science scheme of work  |  Grade 9  |  Unit 9M.2  |  Materials 2 © Education Institute 2005 

Assessment 

 Examples of assessment tasks and questions Notes School resources 

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be 
provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

The graph shows how the amount of carbon dioxide in a pond changed during a school day. 
Which of these best explains the relationship?  

A. During the morning hours, less carbon dioxide dissolves in the pond. 

B. During the morning hours, less carbon dioxide is given off by pond animals. 

C. Carbon dioxide is used up by algae during the morning.  

D.  More carbon dioxide is released by pond animals later in the day.  

Explain the process involved in the answer you chose. 

 
Carbon dioxide levels in a pond 

 

 The diagram shows the water cycle. Name the processes labelled X and Y. Explain why 
Qatar is dry even though the amount of water vapour in the air is often quite high. Explain 
why it is important that the run-off is not contaminated with pollutants such as sewage. 

The source of energy for the Earth’s water cycle is the  

A. wind 

B. Sun’s radiation 

C. Earth’s radiation 

D. Sun’s gravity 

TIMSS Grade 7–8, 1994–95 

 

 
The correct answer is B 

 

Unit 9M.2 
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 Examples of assessment tasks and questions Notes School resources 

Some gases that escape into the atmosphere can trap energy from the Sun. This can cause 
the Earth to retain more of the Sun’s energy and cause the temperature of the atmosphere 
to rise. This process is called the ‘greenhouse effect’. Carbon dioxide and methane are two 
gases which can do this. 

a. Human activities produce much carbon dioxide. Explain how. 

b. Suggest ways by which we could reduce the amount of carbon dioxide that we put into the 
atmosphere. 

c. Give two ways in which the burning of forest land to create more land for agriculture can 
lead to an increase in carbon dioxide in the atmosphere. 

 
 

 

Three plastic aquaria containing water are placed next to each other in the sun. Aquarium A 
contained only water. Aquarium B contained water plus some green water plants. Aquarium 
C contained dead leaves. If you monitor the dissolved oxygen concentration in the three, 
how would you expect it to vary over a week. Explain your answer.  

Draw a graph of how you would expect the concentration of each to vary over a period of 
24 hours (starting at midnight). Draw each curve on the same pair of axes. The axes should 
be labelled but the values for oxygen concentration need not be specified. 
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