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ABOUT SATIS

Science and Technology in Society units are designed to be used in conjunction with
conventional science courses, particularly those leading to GCSE examinations.
Each unit has links to major science topics as well as exploring important social and
technological applications and issues.

The units are self-contained and generally require about 2 periods (around 75
minutes) of classroom time. Each unit comprises Teachers’ Notes (blue sheets) and
Students’ materials (white sheets). Full guidance on use is given in the Teachers’
Notes accompanying each unit, which also include background information and
suggest further resources.

Each SATIS book contains ten units. The units are numbered in a system giving the
number of the book followed by the number of the unit within that book. Thus the
first unit in the first SATIS book is numbered 101.

In addition to the SATIS books, a general Teacher’s Guide to the project is
available, giving guidance on some of the teaching techniques involved as well as
ideas for further activities.

Many people from schools, universities, industry and the professions have
contributed to the writing, development and trials of the SATIS project. A full list
of contributors appears in the Teachers’ Guide.

The matertal which follows may be reproduced without infringing copyright provided
reproduction is for student use only. The permission of the publishers must be obrained
before reproducing the material for any other purpose.

First published 1986 by The Association for Science Education
© The Association for Science Education

Designed by P&PS (Cambridge) Ltd. Tel: (0353) 740389




SATIS 3

List of units in this book

301 AIR POLLUTION — WHERE DOES IT COME FROM?

A data-analysis exercise concerning sources of air pollution.

302 LIVING WITH KIDNEY FAILURE

A structured discussion concerning the treatment of kidney failure and some of the related
problems.

303 PHYSICS AND COOKING

- Information, recipes and questions relating to some of the physical principles involved in
cooking.

304 A MEDICINE TO CONTROL BILHARZIA

Part 1: How can we Control Bilharzia?
Reading, questions and discussion concerning the nature of a tropical disease, and approaches
to its control.

305 A MEDICINE TO CONTROL BILHARZIA
Part 2: Developing a Medicine to Control Bilharzia

Reading, questions and discussion concerning the development, testing and production of a
pharmaceutical product for the control of a tropical disease.

306 FIBRE OPTICS AND TELECOMMUNICATIONS

Reading and questions on the use of optical fibres in telecommunications.

307 CHEMICALS FROM SALT

Problem-solving exercises concerning the production of sodium hydroxide and chlorine by
electrolysis of salt.

308 THE SECOND LAW OF — WHAT?
Reading and questions explaining very simply the ideas behind the Second Law of
Thermodynamics and relating them to everyday problems such as pollution and the provision
of energy.

309 MICROBES MAKE HUMAN INSULIN

Reading, questions and discussion on the use of genetic engineering techniques to produce
human insulin.

310 RECYCLING ALUMINIUM

A home survey investigating the extent to which households consume aluminium, leading to a
discussion of the question of recycling aluminium.
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List of units in the SATIS seﬁes

SATIS 1

101 Sulphurcrete

102 Food from Fungus

103 Controlling Rust

104 What’s in our Food? — a look at food labels

105 The Bigger the Better?

106 The Design Game

107  Ashton Island — a problem in renewable

energy

108 Fibre in your Diet

109 Nuclear Power

110 Hilltop — an agricultural problem

SATIS 2

201 Energy from Biomass

202 Electric Vehicles

203 Drinking Alcohol

204 Using Radioactivity

205 Looking at Motor Oil -

206 Test-tube Babies

207 The Story of Fritz Haber

208 The Price of Food

209 Spectacles and Contact Lenses

210 The Pesticide Problem

SATIS 3

301 Air Pollution — where does it come from?

302 Living with Kidney Failure

303 Physics and Cooking

304 A Medicine to Control Bilharzia — Part 1

305 A Medicine to Control Bilharzia — Part 2

306 Fibre Optics and Telecommunications

307 Chemicals from Salt

308 The Second Law of — What?

309 Microbes Make Human Insulin

310 Recycling Aluminium

SATIS 4

401 Fluoridation of Water Supplies

402 DDT and Malaria

403 Britain’s Energy Sources

404 How would you Survive? — an exercise in

simple technology

405 The Label at the Back — a look at clothmg
' fibres

406 Blindness

407 Noise

408 Industrial Gases

409 Dam Problems

410 Glass

SATIS §

501
502
503
504
505
506
507
508
509

Bridges

The Coal Mine Project

Paying for National Health

How Safe is Your Car?

Making Fertilizers

Materials for Life — new parts for old
Computers and Jobs

Risks

Homoeopathy — an alternative kind of
medicine

510 DPerkin’s Mauve
SATIS 6
601 Electricity on Demand

602
603
604
605
606
607
608
609

The Limestone Inquiry

The Heart Pacemaker

Metals as Resources

The Great Chunnel Debate

The Tristan da Cunha Dental Surveys
Scale and Scum

Should we Build a Fallout Shelter?
Hitting the Target — with monoclonal
antibodies

610 Robots at Work

SATIS 7

701 Electricity in Your Home
702 The Gas Supply Problem
703 Vegetarianism

704  Electric Lights

705 Physics in Playgrounds
706 Dry Cells

707 Artificial Limbs

708 Appropriate Pumps

709  Which Anti-Acid?

710 What is Biotechnology?



SATIS No. 301 Air Pollution ‘ Teachers’ notes i

Air Pollution — where does it come from?

Contents: A data-analysis exercise concerning sources of air pollution.
Time: 2 periods or more, depending on amount of discussion.

Intendeduse: GCSE Chemistry, Biology and Integrated Science. Links with work on air pollution, its chemical
sources and biological effects. Note: extra resources will need to be made available for students to find out the
effects of the various pollutants, if this has not been covered in prior lessons.

Aims:
® To complement work on air pollution

® Toshow the sources of different air pollutants and compare their production by natural and human sources

® To develop awareness that pollutants vary widely in the magnitude of their production and the severity of
their effects

® To provide opportunities to practise skills in the analysis and presentation of data.

Requirements:  Students’ worksheets No. 301. Resources to enable students to find out effects of pollutants (see
below).

Notes on some of the questions

Qs. Iand 2 In school trials it was found that many students had difficulty plotting the bar charts, particularly
choosing the right scale. In this revised version of the unit, the job has been made simpler by supplying the axes in
Figure 2. However, with able students teachers may prefer to leave the whole job to them, and simply give the
students graph paper.

There is no mention in Tables 1 and 2 of carbon dioxide, though it can in some ways be classed as a pollutant
because of the ‘greenhouse effect’. Teachers may wish to mention this.

0.3 Sulphur dioxide appears to be the pollutant that is mainly due to human activities. However, it should be
noted that hydrogen sulphide is eventually converted to sulphur dioxide in the atmosphere, and this makes the
natural and human-made figures for this pollutant of comparable magnitude. Even so, sulphur dioxide still
stands out as the major human-made pollutant.

Q.4 Electric power generating stations are the largest source of sulphur dioxide. Its emission can be controlled
by using low sulphur fuel or by removing sulphur from fuels before use. This is much more easily done in the case
of oil than for coal. The gas can also be removed from flue gases before emission (flue gas desulphurization),
though this is expensive.

(.6  Human-made pollutants upset the natural balance between ‘sources’ and ‘sinks’ so that pollutants build
up in the atmosphere.

Q.7 The figures in the tables are for the whole world. They take no account of local concentrations of
pollutants, which are particularly high in industrial areas.
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Q.8 Increasing levels correspond broadly with increasing industrialization in Britain and the accompanying
increase in the burning of fossil fuels, particularly coal. The dip in the 1920s and 1930s corresponds to the
Depression. The fall since the mid-1960s can be largely attributed to emission control efforts and the increased
use of natural gas and other low sulphur fuels, but also to a slowing down of industrial growth.

Further resource materials

Further details of air pollutants, particularly their effects, can be found in a number of standard textbooks — for
example:

Chemistry by A. Hunt and A. Sykes (Longman)
Biology for Lifeby M. B. V. Roberts (Nelson)
Science by Graham Hill and John Holman (Nelson).

More detailed information can be found in, for example:

Atr Pollution by W. Strauss and S. J. Mainwaring (Edward Arnold)
‘Pollution of the environment’ by M. Holdgate, in Industry: Organization and Obligation, Science in Society,
Book I (Heinemann Educational Books/Association for Science Education).

A useful film on the subject is The Airmy Enemy, produced by British Gas and available as video or 16mm film. It
runs for 25 minutes and can be obtained on free loan from British Gas Film and Video Library, Park Hall Road
Trading Estate, London SE21 8EL.

Sources of data
The data in Tables 1 and 2 is taken from W. Strauss and S. J. Mainwaring, Air Pollution(Edward Arnold 1984).

The graph showing sulphur dioxide emissions at different dates (Figure 3) is taken from Acid Deposition in the
United Kingdom (Warren Spring Laboratory 1983).
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AIR POLLUTION — Where does
it come from?

In this unit you will be looking at the major gases which cause air
pollution. What are their sources? How do the amounts produced
by humans compare with the amounts of the same gases which are
produced naturally?

Figure 1 The air looks clean — but is 1t?

Table 1 shows the sources and amounts of the major air pollutants
made by human activities all over the world.

Table 1  Sources of pollutant gases made by humans

Pollutant gas Source Amount produced per year
throughout the world
(mullions of tonnes)

carbon monoxide (CO) burning of fuels 300

sulphur dioxide (SO,) burning of coal and oil, 146
roasting of sulphide ores

hydrocarbons vehicle exhausts, 88
chemical processes

nitrogen oxides (NO, NO,) vehicle exhausts, 50
burning of fuels

ammonia (NH;) waste treatment 4

hydrogen sulphide (H,S) chemical processes, 3

sewage treatment
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Table 2 shows the amounts of the same gases made by natural
sources all over the world. These natural sources have been
producing the gases for millions of years.

Table 2 Sources of pollutant gases from natural sources

Gas Source Amount produced per year
throughout the world
(millions of tonnes)
carbon monoxide (CO) forest fires, biological processes 3000
sulphur dioxide (SO,) volcanoes 9
hydrocarbons biological processes 1000
nitrogen oxides (NO, NO,) bacterial action in soils, 160
electrical storms (lightning flash)
ammonia (NH;) biological decay 150
hydrogen sulphide (H,S) volcanoes and biological decay 65

Questions and activities

you.

activities than by natural sources?

For millions of years pollutant gases from natural sources have
stayed at a steady level in the atmosphere. This is because there are
various natural ways that the pollutants get removed from the
atmosphere. For example, some of the sulphur dioxide and carbon
dioxide are removed from the atmosphere by dissolving in rain.

1 Use the figures in Table 2 to plot a bar chart showing the amount of each gas made by natural sources each
year. Use the axes on Figure 2 on the next sheet. The bar for carbon monoxide has already been done for you.

2 Ontop of your furst bar chart, plot the amounts of each gas from human sources, using Table 1. Show clearly,
by colouring or some other method, which is which. The bar for carbon monoxide has already been done for

3 Compare the values on the bar charts for the different gases. Which pollutant is made much more by human

4 In what ways could the emission of this pollutant be controlled so that less is released into the air?
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Figure 2 A bar chart showing amounts of different pollutant gases produced per year
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Questions

pollutants made by human activities. Why?

Figure 3 shows how the production of sulphur dioxide by human
activities in Britain has changed since 1850.

amount of
SO,/millionsof
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Figure 3 Changes in the production of SO, by human activities since 1850

S Apart from rainfall, what other process removes carbon dioxide from the atmosphere?

6  Even though pollutant gases are removed from the atmosphere naturally, scientists are concerned about adding

7 Fudged from the data given in the tables, pollution by humans does not seem to be very serious compared with
natural sources. Yet in many cities, particularly in Europe and North America, air pollution is an extremely
serious problem. Why?

Questions

8 Suggest reasons why the
emission of sulphur dioxide

(a) rose steadily between 1850
and 1900

(b) dropped in the 1920s and
1930s '

(c) rose steeply in the 1940s,
1950s and 1960s

(d) has been falling since the
1970s.

9 Allpollutants have harmful
effects. For as many of the
pollutant gases as you can,
find out some of their harmful
effects.




