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TRANSVAAL EDUCATION DEPARTMENT SYLLABUS STATEMENT

MODULE 9: Al POLLUTION (CHEMISTRY: OPTIONAL)

Weighting: 10 units Time: 10 hours

9.1
9.2

9.3

2.4

The compasition of unpolluted air

Refer briefly to the most important functions of some of the main constituents of the

atmosphere : Q,, N,, CO, and the ozone layer

Some substances which play an important role in air pollution in South Africa, their origin

and effects:

9.3.1
9.3.2

9.3.3
9.3.4

9.3.5

Solid particles eg soot, smoke, dust.

Oxides of sulphur and sulphuric acid

Equations for their formation

Refer to acid rain

Lead in petrol

CGarbon monoxide

Simple equation for its formation during incomplete combustion of carbon:
2C+0,=2C0

Propeliants and their effects on the ozone layer

Measures to combat air pollution:

9.4.1

8.4.2
8.4.3
9.4.4
8.4.5
9.46

Smoke-free zongs, altemnative fuels, smoke-free-stoves, electrification, tar roads,
establishment of a plant cover, filters, electrostatic precipitators

Liberation of gases high in the atmosphere by tall chimneys

Prevention of incomplete combustion

Chemical removal of oxides of sulphur and sulphuric acid

Reduction in the lead content of petrol

Role of legisiation, sfate institutions, ESKOM, mines, chemical and other
industries.

SOE/025H10SY (PhySeience)
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Let Us Talk 2bout Air Pollution

1. What is “air pollution”?

2. What are “air pollutants”?

3. Make a list of “air pollutants” that you know.

4. ¥>»w are you aware that air pollution is occurring?

5. What are the causes (sources) of alr pollution?



6. Is Air pollution of concern to you?

Explain your answer.

7. Explain the meaning »f the terms

a. “Greenhouse effect”

b. “Hole in the ozone layer”

c. “CFCs”

8. Why do you think air pollution is often discussed nowadays in
newspapers, on radio and TV?

9. Do you think air pollution can be controlled?

Explain your answer.
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SURVEY ON AIR POLLUTION

Survey for Research on Optional Topic

For 1 - 4, please rate the following envirgnmental issues
according to of how much concern they are to vou. For each
issue, choose your response from the following responses
{a), (b), (c) or (d). Mark the appropriate letter (a), (b),
{c) ar (d) on the response sheet next to the number of the
environmental issue.

a) of great coancern
b)Y of concern

c) of little concern
d) of no concern

1. soil eraosion
2. air pollution
3. water pollution

4. exposure to nuclear radiation

S. Air pollution
i) can occur when the concentration of a substance

accurring naturally in the atmosphere is increased.

ii) can occur when the concentration of a substance
occurring naturally in the atmosphere is decreased.

iii) only occurs when substances that do not naturally
occur in the atmosphere enter the atmosphere.

iv) is only caused by substances in a8 gaseous
state.

The corract answer(s) is/are
a) (i) only

by (1) and (ii)

c) (iii) only

d) (iii) and (iv)

e) (i) and (iv)

4. The percentage of the atmosphere that air pollution
aftfects is:
a) more than S0%
b) about 10%
c) about 20%
d) about 3%
e) less than 0,03%
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7. Air pollution is a result of the activities of
(i) Industry
(ii) The rich
(iii) The poor
(iv) 8Science and technolagy

My answer is

a) (i) only

b) (i)Y and (iv)

c) (i), (ii), (iii) and {(iv)
d) (i), (iii} and (iv)

e) (ii) only

8. With regard to the term "greenhouse effect”
a) I have not heard of the term.
b)Y I have heard of it but do not understand what it
means.
c) I have heard of it and I think I know what it means.
d) 1 have heard of it and I am sure 1 understand its
meaning correctly.

?. With regard to the term "CFCs"
a) I have nct heard of the term.
. b)Y I have heard of it but do not understand what it
means.
c) I have heard of it and think I know what it means.
d) 1 have heard of it and I am sure I understand its
meaning correctly.

10. With regard to the phrase "hole in the ozone layer"

a) I have not heard of the phrase.

b) I have heard of it but do not understand what it
means.

c) I have heard of it before and think 1 know what it
means.

d) I have heard of it before and am sure I understand its
meaning correctly.

In the next section (11 - 24) you are askea <o respond to
certain statements. For each of these statements choose your
response from the following responses (a), (b)), (c), {(d) or
(e) and mark the appropriate letter (a), (b}, (cr, (d) ar
(2) on your card next to the number of the statement.

(a) I agree strongly with this statement
(b) I agree with this statement
(c) 1 have no opinion about this statement
{d) I disagree with this statement

I

(e) disagree strongly with this statement
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11. "Economic and political issues are more important to me
than the issue of air pollution®

12. "There is no air pollution where I live"

13. "Air pollution is not a problem in the Republic of
South Africa”

14. "It is only the forms of air pollution that can be sesn
or smelled that are important®

15. “Once pollutants have entered the atmosphere they remain
there for ever"

16. "The media always report air pollution issues
accurately"

17. "Enviranmentalists are able to predict with ce?tainty
the consequences of air pollution®

18. "Industry is not concerned about air pollution"

19. "Technological/industrial development should be stopped
in order to preserve the atmosphere"

20. "Air pollulion is uncontrollable and will increase
steadily until life is destroyed"

21. "Air pollution can be controlled, using science and
technology, but it will need 2 constant monitoring of
the risks and benefits of our activities”

22. "1 contribute very little to air pollution and thus have
no role to play in its control"

23. "To improve air pollution control we must be prepared to
pay more for things”

24. "If the topic "Air Pollution" were offered in the
Physical Science syllabus in the future, my interest in
the study of science would increase greatly.”

25. The atmosphere extends to an altitude of approximately
a) 10 km b) 20 km
c) 1 km d) 500 km
e) 2 000 km

AB



26. Which graph is a correct representation of the variation
of the temperature of the atmosphere with altitude?
a) 1 b) c)
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27. Which diagram is a correct representation of the
distribution of particles in the atmosphere?
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28.

29.

30.

The appreximate percentage of carbon dioxide present in

the lowest region of the atmosphere
a) S0%

(troposphere) is

b 0,03% d) 25% e) 1%

c) 304

Which statement is incorrect?

a)

b)

c)

d)

e)

The atmosphere protects life from harmful solar
radiation.

The "greenhouse" or energy trapping effect of the
atmosphere is harmful to life.

The properties and composition of the atmosphere are
not the same throughout.

Scientists believe that the composition of the
atmosphere has changed over the billions of years
since the "birth " of the planet.

Tha atmosphere is naturally reactive.

Wwhich diagram is a correct representation of the
microscopic nature of the air in the lowest region of
the atmosphere?
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Unit 3 - Combustion

For 31 -~ 45 please rate the following statements as true or
false. Use (a) for true

(b)Y for false

(c) for I _dao not knaw
Mark the letter of your response, (a), (b) or (c) next to the
number of the statement.
Please do not guess. If you <o not know the answer, mark (c).

31. Approximately 20% of the world’s energy needs comes from
the combustion of coal and oil.

32. Both coal and oil are classified as fossil fuels.
33. Coal is only composed of carbon.

34. The only products formed when coal is burned are:
ash, soot, carbon dioxide and carbon monoxide.

35. The ash, produced by burning coal, does not present any
air pollution problems because it is solid and can easily
be removed.

36. Bouth African coal has a low sulphur content. Therefore
the release of sulphur dioxide from coal combustion is
neglible.

37. The burning of coal in households, can produce worse air
pollution than that produced by power stations.

38. Irn South Africa, coal-fired power stations burn more
coal than industries such as ISCOR.

39. Nitrogen oxides (which contribute to air pollution
problems) are only produced by industrial processes.

40, The total contribution te air pollution by motor
vehicles, is very small compared to industry.

41, The temperature in parts of a running motor car engine
is sufficient to bring about a reaction between nitrogen
and oxygen in the air.

42, Petrol sold in South Africa contains lead compounds.

43, The only products formed when petrol is burned in engines
of motor vehicles are: carbon dioxide, carbon monoxide
and lead compounds.

44, Natural gas is mostly methane.

45, In South Africa, natural gas deposits have been
discovered near Mossel Bay.
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Unit 4 - Depletion of ozone in the Stratosphere

For 31 - 45 please trate the following statements as true or
false. Use

(a) for true,
(b) for false
(c) for 1 do not know

Write the letter of your response, {a), (b)Y or (c) next to
the number of the statement.
Please do not guess. If you do not know the answer, mark {(c).

31,

32.

33.

34.

35.

338.

39.

40.

41,

42,

43,

44,

45.

The chemical formula of ogzone is Ox.

The concentration of ozone is the same throughout the
atmosphere. . :

Once ozone is destroyed in the stratosphere, it can never
be reformed.

The sky is blue because ozone is a blue gas.

CFCs are compounds whose molecules consist of chlorine,
fluorine and carbon atoms.

Both CFCs and nitrous oxide (N=0) destroy oczone in the
stratosphere.

One chlorine atom released from a CFC molecule, is
capable of destroying approximately 100 000 ozone
molecules.

CFCs are only used in industrial processes.

CFCs occur naturally in the atmosphere.

CFCs are unreactive in the troposphere but become
reactive in the stratosphere.

All solar radiation that enters the atmosphere, reaches
the surface of the Earth.

Ozone is the only substance in the atmosphere capable of

. absorbing radiation of wavelength 220 -330 nm.

Sclar radiation of wavelength 220 - 330 nm is harmful to
life. :

A photochemical reaction can only be brought about by
visible light.

With modern day technology, scientists never make
mistakes.
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Unit 5 - Smog

For 31 - 45 please rate the Ffollowing statements as true or
false. Use

(a) for true -

(b} for false

(c) for I _do not know
Write the letter of your response, {a), (b) or (c) next to
the number of the statement.
Please do not guess. If you do not know the answer, mark (c).

31. 8maog is always a combination of smoke and fog.

32. Smog is mainly an urban problem.

33. 8mog only forms on a cold, wet day.

34. Smog is only the result of burning coal.

35. 8mog is not a problem in South Africa.

36. Weather plays an important role in the formation of smog.
37. Smog can have a detrimental effect on health.

38. Smog is only caused by industrial activity.

39. Ozone only nas heneficial effects in the atmosphere.

40. Ozone is not present in the lowest region (the
troposphere) of the atmosphere.

4i. Sunlight and some of tha gases released from motor
car exhausts, can result in smog formation.

42. Nitrogen oxides are formed when nitrogen and oxygen in
the air combine in the very hot parts of the motor car
engine.

43. Hydrocarbon compounds, released from motor car exhausts,
are involved in chemical reactions which produce
photochemical smog.

44, Dzone accumulates during the formation of photochemical
smog.

45, Science and technolagy have no methods for controlling
photochemical smog.
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Unit 6 - Enhanced Greenhouse Effect

For 31 - 45 please rate the fcllowing statements as true or
false. Use (a) for true

(b) for false

(c) for 1 do not know
Mark the letter of your response, (a), (b) or (c) next to the
number of the statement.
Please do not guess. If you do not know the answer, mark (c).

31. The "greenhouse effect" of the atmosphere is beneficial.

32. The possible global warming (that scientists are
concerned about?) is a result of the Sun getting hotter.

33. Approximately 45% of the Sun’s energy that enters the
Earth’s atmosphere, reaches the surface of the Earth.

34. The atmosphere is warmed directly by the Sun’s energy
as it passes through the awmosphere.

35. The atmosphere is warmed by energy being radiate- from
the Earth’s surface.

36. All gases in the atmosphere are capable of absocrbing
infrared radiation (heat).

37. Gases that contribute to the problem of an enhanced

"greenhouse effect" include: cavrbon dioxide, ozane,
nitrous oxide, methane and CFCs.

38. Human activities such as agriculture and cattle farming
do not contribute to air pollution problems.

39. The burning of coal and o0il, is a major contributor to
the problem of an enhanced “greenhouse effect’.

40. Scientists can predict with certainty, the consequences
of an enhanced "gresnhouse effect”.

41. Once carbon dioxide has been released into the
atmosphere, it remains there foraver.

42, Tha atmosphere prevents the Earth having scorching hat
days and freezing cold nights.

43, Carbon dioxide concentrations in the atmosphere have
increased rapidly since the Industrial Revolution.

44, Cutting down trees has no effect on carbon dioxide
concentrations in the atmosphere.

45, If the average surface temperature of the Earth were to

increase, the only effect would be the rising of the
level of the seas. )
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Unit 7 - Acid Rain

For 31 ~— 45 please rate the following statements as true or
false. Use (a) for true

(b) for false

(c) for I do not know
Mark the letter of your response, (a), (b)) or (c) next to the
number of the statement.
Please do not guess. If ,ou do not know the answer, mark (c).

31. Rain is naturally neutral with a pH of 7.

32. "Acid rain" is a consequence of increased
concentrations of carbon dioxide in the atmosphere.

33. Rain and snow with a pH = 2,1 has fallen in Britain.

34. Acids such as sulphuric acid, nitric acid and
hydrochloric acid have been detected in rain.

35. "Acid rain" is not a problem in South Africa.

346. The rate of release of sulphur dioxide into the
atmosphere as a result of human activities, exceeds the
rate of release of sulphur dicxide from natural sources.

37. CFCs cantribute to the prablem of "acid rain".

38. Combustion of fossil fuels (coal and ocil}) is a major
contributor to the problem of "acid rain".

. 39. Same gases released from vehicle exhausts contribute to
the problem of "acig rain®.

40. Industries contribute more than coal-fired power stations
to the problem of “acid rain”.

41. The contribution of industry to the total concentration
of nitrogen oxides in the atmosphere, is greater than the
contribution of transportation.

472, The death of fish in lakes in Europe and America, has
been a consequence of "acid rain'.

43, It is a fact that "acid rain" aione is responsible for
the death of large numbers of trees in the forests of
Europe and America.

44, The use of tall chimney stacks (which dilute air
pollutants) has overcome the problem of "acid rain".

45, Damage by "acid rain" only occurs close to the source
of gases causing this air pollution problem.
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Unit 8 - Control of Air Pollution

For 31 -~ 45 please rate the following statements as true or
false. Use

(a) for true

(b) for false

(c} for 1 do not know
Write the letter of your response, (a), (b)Y or (c) next to
the number of the statement.
Please do not guess. If you do not know the answer, mark {(c).

31. There are natural processes which remove air pollutants
from the atmosphere.

32. All aiv pollutants remain in the atmosphere for the same
length of time.

33. For the concentrations of substances in the atmosphere to
remain constant, the rates at which they are released
into the atmosphere should be egual to the rates at
which they are removed from the atmosphere.

34, Air pollution results when the rates at which air
pollutants are released into the atmosphere, exceeds
the ratus at which natural processes remove air
pollutants from the atmosphere.

35. There is no law in South Africa to control air pollution.

346, In South Africa, no research is conducted into air
pollution problems.

37. International agreements have been reached concerning
spme air pollution problem-.

38. South Africa has never manufactured CFCs.
3?. CFCs are compounds that do not occur naturally.
40. The production of CFCs in South Africa has been reduced.

41. It is proposFd that no CFCs will be produced by the
year 2 000.

42. 1+ the production of CFCs is stopped, the a'r pollution
problems associated with them will be immed:ately solved.

43, The destruction of ozone in the stratosphere is a global
air pollution problem.

44, The Montreal Protocol ies an international agreement to
reduce CFC producticon.

43, All nations of the world have signed an agreement to
reduce CFC production.
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Unit 9 - Response by Industry

Faor 31 - 45 plzar - rate the following statements as Ltrue or
false. Use (a) fo  crue

: (b) for false

(c) for 1 do_not know
Mark the letter of your response, (a), (b) or (c) next to the
number of the statement.
Please do not guess. If you do not know the answer, mark (c).
31. There are no methods available for controlling the
release of particulates into the atmosphere.

32. Cyclones are very efficient devises for reducing air
pollution.

33. At present, there are no technigques available for
reducing the release of sulphur dioxide into the
atmosphere.

34. Industry could make use of technology which would
eliminate air pollution completely.

35. The cost of installing and using technology to reduce air
pollution, is small compared with other costs faced by
industry.

J3&6. The use of tall chimney stacks by industry is always a
solution +to air pollution problems.

37. Catalytic convertors cannot be used in South Africa
because there are lead compounds in our petrol.

38. EBKOM does not use technology to reduce the release of
sulphur dioxide into the atmosphere.

39. Fly—-ash fraom coal-fired power stations can reduce
the guantity of fertilisers farmers need to use.

40. Supplying electricity to towns in South Africa, has
totally reduced air pollution from coal fires.

41, In some areas in Socuth Africa, the air pollution from
domestic coal fires exceeds air pollution from coal-fired
power stations.

42, SABOL only produces petrol from coal.

43. The only use for coal is to sw 1ly us with .energy
when the coal is burnt.

44, If power stations use improved technology to control air
pollution, electricity could become too expensive for
many pecple.

45, Industry never monitors the gquantity and nature of the
air pollutants produced by its activities.
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Copy of Letter Sent to Experts Asking for Their Evaluation of ¢ e Package

November, 1991

For the last 11 months, | have been writing the first draft of a
teaching resource package on AIR POLLUTION, which accompanies this letter. In your capacity

...................................................................................................................................................................

[ would value your comments on this package as a teaching resource to be used in South African
schools in std 8 in 1993. Please comment on any content you feel may be incorrect and/or on any
issues that are misrepresented. Any other comments with regard to the pacicage will be most
welcome.

At the moment | am attempting to consolidate and analyse the
evaluations from a number of schools that have implementad parts of the package. Towards the
end of January 1992 I'll be correcting the package and so | would appreciate your com. « s by
then. Please send the (corrected package) and any comments back to me in the Che. ..y Dept,
Wits. If you prefer to telephonie me it will probably be easier tr contact me at home (782 8778)
towards evening. .

| would like to thank you (in anticipation) for the time you will be
spending in assessing the package. | lovk forward to hearing from you.

With kind regards,
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Insiructions Given to Teachers at Workshops

Notes to Teacher

1. Thank you very much for agreeing to take part in this
evaluation - it is much appreciated.
2. You have been provided with:

Urnit 1 - Introduction
-~ A Copy of the Worksheets + Caopies for students
- Answers to the Worksheets

Unit 2 - Introduction

- A Copy of the Worksheets + Copies for students
- Answers to the Worksheets

Unit 8 - Introduction
- A Copy of the Worksheets + Copies for students
— Answers to the Worksheets

Three evaluation forms for each unit.
One overall evaluation sheet for the part of the package
you have taught.

A Survey to test attitudes/knowledge of the students.

3. Please administer this as a pretest befeore you start
teaching and then as a post-test after you have taught
vyour portion of the package. You will need two computer
cards per pupil for each test. The first card is for
questions 1 — 25, the second card is for 26 - 50. Both
cards are neesded as there are 45 qguestions. Please collect
the printed sheets of guestions so that you can use them
again for the post-test. Please ask the students not to
write on the question paper.

When the students +ill in the cards, please ask them to
fill in their names, the name of their school and the
date. They must use a pencil to mark the answers. A line
is drawn across the letter as shown.

eg. 1. (b) {c) (d) (e)

Not 2ll the options, (a), (b), (c), (d), () will be used
for every guestion. For example guestion 1 uses only
options (a), (b)), f{c) and (d). Question 31 - 45 uses only
three options (a), (b), (c).

4, When you have completed teaching and testing, please send
me the computer cards for the pre- and post-tests, the
three evaluation sheets for the units and the evaluation
sheet for the package. If you have any problems, please
don*t hesitate to contact me.

Telephone : 782-8778 (H) 716-2004 (W)
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FEEDBACK ON COMPLETION OF EACH UNIT

Plecase complete a copy of this form for EACH unit which you have
lested.

CLASS : ............ DATE: ........... ... UNIT NUMBER: ...........
TITLE OF UNIT: ...ttt e e e e e
Approximate time taken to teach this_unit Do e -

We would appreciate any feedback on how you approached this unit.

Therefore, please describe how you taught this unit in the space
below :
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Tick any of the following strategies used in each of the activities /
worksheets. Every unit does not have as many activities as listed.
Please ignore those columns which are irrelevant.

Activity / Worksheet

Teaching Strategy
a b c d e f e

Teacher "chalk and talk"”

Students working individually

Students working in groups

Number in each group

Teacher demonstration

If you did not use all the activities provided, please give a reason
for your choice.

...................................................

Please tick the appropriate blocks: -

Yes Average Not really

I am confident teaching this material

The students were enthusiastic

The students understand the con’ .t

I would like more content information

.....................................

My rating of this unit in terms of suitability for use in Std. 9

excellent good average poor very poor
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FINAL FEVALUATION OF THE PACKAGF

Please complele this form once vou have toested all the unitis supplied
to xou.

B e e e e e e e e e e e e e e e e e e e e e e e e .
B e e e e e e e e e e e e e e e e e
C ot e e e e e e e e e e e e e e e e e e e
I was unable to do everything suggested in my part of the package
because:—
Yes No
Lack of time
Students not at school
Material too difficult for the students
Equipment not available (give details below)
Other reasons (please state why)
L T I R L T L T R R Y e = » P e e s e, L I N T I I A A “ e 4 4 & & v ¢ s s
Plcecase comment on the language demand of the package for:-
a. the teacher ......... i ievennns et e e e e e et e
et et e e e e e et e et i et e
b the students ............¢c..0v.. - e e et e e et aean
“ ® ® ® a4 @ ¢ 2 a4 ° P ¥ 5 v & 3 h e % & 9 4 2 & s P » A - 3 e« @ 0 o = a
PTO o o ot et et e o e e o e e e e >
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Please indicate how useful you found the following:

) : Very Useful Nnt so Useless !
: useful useful

i

Learning Objectives

Background Information

Prepared worksheets

Experiments

Games / Models

Teacher notes

I have the following suggestions for improving the package:

............................

Please post this form immediately on completion together with:-

a. the feedback on each unit
b. the multiple choice pre-test responses of the students
c. the multiple choice post-test responses of the students

to:-
_Mrs M.D. Whits,
13 Sanguine Street,
Montroux,
Johannesburg. 2195 Telephone: (011) 782 8778 (H)
(011) 716 2004 (W)
Thank you for your help. ] hope that your participation was of

benefit to you and your students.




Comparison of Pre-test Outcomes for Some Survey Items for Urban Scheols (UL and Uly)
and Rural Scheols ( RS, and RS; )

The barcharts on the left represent responses from the urban sample of students (N = 204) and
rural sample of students (N = 18) for some knowledge and attitudinal items in the pre-test of the
Survey. They are identical to the barcharts presented in Chapter 6, section 6.2,

The bar charts on the right represent the outcoines of two samples of urban and rural students that
are similar in size. The urban sampie is from schools Ul and U, (N = 12). The rural sample is
from schools RS; and RS, ( N = 18). The urban sample is very similar to the rural sample in
language profile. INone of the urban or rural students had English as their mother tongue. In
addition both the urban teachers and the rural teachers did not have English as their mother
tongue. The rural teachers were both underqualified. One of the urban teachers was under
qualified.

QOutcomes for Some Knowledge Items

Urban/Rural kem5 USchool/RSchool tem 5}
80 80
g 0 g 60
0
v§ 0 B Urban g 40 i Uschools
é E1Rural é [ RSchools
® 20 ® 20
o 0
50
40
3
1 Urban 3 30 Bl Uschool
CiRural é 20 C1RSchoo!
® 40
0
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50 80
2 8
0
g B Urban g & Uschool
8 £ Rural & | B3 Rschool
< ®
Urban/Rural ter25 | UschoolRSchoal kem25;
40 50
§ 30 9
0
g & Urban 5 USchool
g 20 Saval & 3 RSchoot
& &
® 10 ®
0

Comments on Knowledge Items
In general the outcomes in the barcharts on the right are not that different from the outcomes in
the barcharts on the left. Relatively few students from both groups chose the correct options.

QOutcomes for the Attitudinal Iiems

Concerns About Soi USchaol/RSchoo! Soi

B# \rban
£ Rural

88 USchool
£33 RsSchool

% Responses

A23




|Concerns Abaut Ar Folution |

=]
Q

[USchoolRSchoni Air Rb. l

80 .
]
g &0 g 60
& Urban 2 tron hool
'% 40 . § @ 8 USchoo
g 8 EIRSchool
R® 20 R 20
o 0
a b [ d a b ¢ d
Ogptions Options
80 80
§ 60 § 60
S @ BH rban g © 5 USchool
8 3 Rural 8 E3RsSchool
R 20 ® 20
0 0
a b c d a b [
Cptions Options
60
g p—— 2 40
g B Uban g &8 Usschool
3 1 Rural A
8 Ru ! ] K 20 3 RSchool
R R
o
a b [ d
Crtions

Commernts on Concerns

For each of the “concerns”, the trends in outcomes as shown in bar charts on the left and on the
right are very similar. Both sets of barcharts indicate that rural students were more concerned
about soil erosion than urban students. In both sets of bar charts, urban students appeared more
concerned than rural students about air and water pollution and exposure to nuclear radiation.
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Greenhouse Hfectg @choovmchool GeenhousjE
80 i 50
o 60 o
a 2 a0
f =3 =4
g . &% Urban g && USchool
§ EIRurat r‘é 20 EARSchool
R
R 20 ® 0
0 ;
a b c d a b c d
Options Options
jcres|
" wrril
60
3
ﬁ 40
g B Lrban H& USchool
5 3 Rural E3 RSchool
20
R
0 § ]
a b c d
Cptions
[Foe in onneE {USchool/Rschool Ozone §
80
9 60 @
g © & Urban g Uschool
2 CIRural 3 :
] ' { & E3Rschocl
R 20 R
Q
[} b [ d
Options

Comments on Understanding of Terms

Again the trends in the two sets of barcharts are not that different. The rural students in both
comparisons did not appear as well-informed as the urban students. This was particularly so for

“CFCS” and “the hole in the ozone layer”.
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40
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Options
Comments

Both sets of bar charts reveal that rural students are more concerned than urban students about
economic and political issues.

|Urban/Rura1 tam 12 E { UschoolRSchool tem12];
60 80
g g 80
2 - 2 ]
s Uban g w0 B USchiool
" w
8 20 =3 Rural & I RSchaol
R ® 20
0 0
a b c d e a 4] [ d e
Options Options
Comments

Both sets of barcharts show that urban students were more aware than rural students of air
pollution where they lived.

Urbar/Rural kem 13 [UsehooVRSchool tem 13}
80 50

w 60

o

g w0 ™3 Lrban # USchaol
é’ EIRural 3 RSchaal
R 20

o d
a b c d e
Orptiors
Comments

Both sets of bar charts show that urban students felt more strongly than rural students that air
poliution was a problem in South Africa.
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Both sets of bar charts show that urban students understood better than rural students that air

pollutants were not necessarily seen and smelled.

[USchoaliRSchool kem 15§
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w
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o
o

©
o

Urban
3 Rural

8]
[=]

% Rasponses
[
(=]

% Responses

-
o

-

o

(=]

B USchool
I RsSchool

Comments

Both sets of bar charts show that urban and rural students had mixed feelings about the issue as

to whether air pollutants remained in the atmosphere forever.

[USchoolRSchool tem 16

ER Uschool
EARSchool

Urban/Rural tem 16 ¢
30 80
40
8 o 60
g B Uban g
é 20 E3Rural é 40
® .0 ® 20
0 0
a b c d [:]
Cyptions
Comments

Both sets of bar charts show that urban students were more critical of the media than rural

students.
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Both sets of graphs show that students had rather mixed feelings about environmentalists’ ability
to predict the consequences of air pollution,

JUschoolRSchool tem 18]

F:Y
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&1 USchool
E3 RSchool

Wrban
EYRural

% Responses
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N
o

—
o

o

Comments
Both sets of bar charts show that rural students feel more strongly than urban students that

industry is not concerned about air poliution.

=

{ USchooRSchool tem 19}

{kban/Rural tem 19

§3 60

B8 USchool
EIRSchool

& Urban
T Rural

“omments
Hoth sets of bar charts show that urban students felt more strongly than rural students that

technological development should not be stopped to preserve the environment.

PRt
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: USchaol/RSchocl tem20];

60

% Responses

B USchool
£ RSchool

Both sets of bar charts show that in contrast to rural students, majority of urban students felt that
air pollution is not uncontrollable.

IUbaanural tem?21 E
60
n
2
§_ A Urban
é 3 Rural
R®
Comments

| UschoolRSchool tem21j

50

% Responses

B Uschool
E3 Rschool

In both sets of bar charts urban students and rural appeared to feel that air pollution could be
controlled. The responses from the urban students in this item are consisitent with their responses
in item 20 (above). However the response from the rural students contradicts their response in
item 20 (above). This is indicates that language could have been a problem for the rural students.

il:banIRJral tem22 E

B tkban
E3Rural

Comments

[UschootiRSchacl kem 22§

3

% Responses
N
(=3

BB USchool
3 RSchool

Again the trend ir: boih sets of bar charts is similar. Urban students felt more strongly than rural
students that they contribute to air pollution and have a rcle to play in its control.
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Comments :
There is a slight difference in the two sets of bar charts. The bar chart on the right, reveals that

the urban students seemed a little more agreeable to paying more for commodities. The bar chart
on the left reveals more ambivalence amongst the urban students. Both sets of bar charts reveal
that rural students felt reasonably agreeable to paying more for commodities to improve the
control of air pollution.

[USchoo!lRSchool tern24}

i USchooel
L3 RSchool

rban
E3 Rural

% Responses
% Responses

Comments
There is a small difference in the two sets of bar charts. The barcharts on the right show that urban
students were slightly more positive than the rural students about the possible inclusion of the

topic air pollution in the syllabus.

The bar charts on the right reveal a general tendency on the part of the rural students to agree
with the statements in items 11 ~ 24. The same tendency was revealed in the bar charts on the left.
These outcomes were highlighted in Chapter 6, section 6.2.

Overall Comments
Thus the trends shown in the urban/rural samples discussed in Chapter 6, section 6.2. are largely
substantiated in the comparison of urban and rural samples that are similar in size.
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Inventory of Unit Specific Items in Survey

Good Prior Knowledge Items

Unit 3 Combustion

Ttem 32
Item 33
Jtem 40

Item 42

Both coal and oil are classified as fossil fuele. }(T) 2 4%

Coal is composed of only carbon.(F) 0%

The total contribution to air pollution by motor vehicles is very small compared
to industry. (F) -19%

Petrol sold in South Africa contains lead compounds. (T) 4%

Unit 4 The Depletion of Ozone in the Stratosphere

Item 32
Ttem 34
Ttem 38
Item 41
Jtem 45

"Unit 5 Smog
Item 32
Item 33
Item34
Item 35
Item 36
Item 37
Item 38

The concentration of ozone is the same throughout the atmosphere. (F) 31%
The sky is blue because ozone is a blue gas. (F) -6%

CFCs are only used in industrial processes. (F) 0%

All sclar radiation that enters the atmosphere, reaches the Earth. (F) -7%

With modern day technology, scientists never make mistakes. (F) -2%

Smog is mainly an urban problem. (T) -15%

Smog only forms on a cold, wet day. (F) -38%

Smog is only the result of burning coal. (F) 15%

Smog is not a problem in South Africa. (F) 4%

Weather plays an important role in itbe formation of smog. (T) 20%
Smog can have a detrimental effect on health. (T} 1%

Smog is only caused by industrial activity. (F) 7%

Unit 6 The Enhanced {reenhouse Effect (Ouicomes for urban schools onlv)

Ttem 32

Item 35

The pocsh e global warming (that scieniists are worried about) is the result of the
Sun getiing hotter. (F) 8%
The atmosphere is being warmed by energy from the Earth’s surface. (T) -1%

Correct response shown in brackets.

Knowledge gains shown in bold as a percentage.
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Ttem 37 Gases that contribute to the problem of an enhanced “greenhouse effect” include:
carbon dioxide, ozone, nitrous oxide, methans and CFCs. (T) 13%

Item 39 The burning of coal is a major contributor to the problem of an enhanced
greenhouse effect. (T) 17%

Item 42 The atmosphere prevents the Earth from having scorching hot days and freezing
cold nights. (T) 15%

Item 43 Carbon dioxide concentrations in the atmosphere have increased rapidly since the
Industrial Revolution. (T) 23%

Item 44 Cutting down treas has no effect on the carbon dioxide in the atmosphere. (F)
0%

Ttem 45 If the average temperature of the Earth were to increase, the only effect would be
the rising of the seas. (F) 6%

Unit 7 Acid Rain

Ttem 34 Acids such as sulphuric acid and hydrochloric acid have been detected in rain. (T)
32%

" Item 35 “Acid rain” is not a problem in South Africa (F) 14%

Item 36 The rate of release of sulphur dioxide into the atmosphere as a result of human
activities, exceeds the rate of release of sulphur dioxide from natural sources. (T)
0%

Item 39 Some gases released from vehicle exhausts contribute to the problem of “acid
rain”. (7) 14%

Item 45 Damage by “acid rain” only occurs close to the source of gases causing this air

pollution (F) 9%

Unit 8 The Control of Air Pollution

Item 31

Item 32
Item 33

Ttem 34

There are natural processes which remove air pollutants from the atmosphere (T)
10%

All air pollutants remain in the atmosphere for the same length of time. (F) 0%
For the concentrations of substances in the atmosphere to remain constant, the
rates at which air pollutants are released into the atmosphere should be equal to
the rates they are removed from the atmosphere. (T) 0%

Air pollution results when the rates at which air pollutants are released into the
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atmosphere exceeds the rates at which natural processes remove air pollutants

from the atmosphere. (T) 0%

Item 36 In South Afiica, no research is conducted into air poilution problems. (F)b 0%

Item37  International agrcements have been reached concerning some air pollution
problems. (T) 20%

Ttem 38 South Africa has never manufacured CFCs. (F) 20%

Item 39 CFCs are compounds that do not occur naturally. (T) 18%

Ttem 40 The production of CFCs in South Africa has been reduced. (T) -10%

Item 42 If the production CFCs is stopped, the air pollution problems associated with

them will be immediately solved. (F) 0%
Item 43 The destruction of ozone in the stratosphere is a global air pollution problem. (T)
~10%

Unit 9 Response by Industry

item 33 At present there are no techniques available for reducing the release of sulphur
dioxide into the atmosphere. (F) 0%

Ttem 36 The use of tall chimney stacks by industry is always 4 solution to air pollution
problems. (F) 12%

Fair Prior Knowledge Items

Unit 3 Combustion

Item 31 Approximately 90% of the world’s energy comes from the combustion of coal. (T)
24%
Ttem 34 The only products formed when coal is burned are: ash, seot, carbon dioxide and

carbon monoxide. (F) 10%

Unit 4 The depletion of Ozone in the Stratosphere

Ttem 36 Both CFCs and nitrous oxide (N,0) destroy ozone in the atmosphere. (T) 16%

Item 39 CFCs occur naturally in the atmosphere. (F) 19%

Unit 5 Smog ‘

Item 41 Sunlight and some of the gases from motor car exhausts can result in smog
formation (T) -4%
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Ttem 45 Science and technology have no methods forc. ~ **"' -~ shotochemical smog. (F)
-4%

Unit 6 The Enhanced Greenhouse Effect

Item 34 The atmosphere is warmed directly by the Sun’s energy as it passes through the
atmosphere. (F) 0%

Unit 7 Acid Rain

Ttem 32 “ Acid rain” is a consequence of increased concentrations of carbon dioxide i the
atmosphere. (F) 14%

Ttem 38 Combustion of fossil fiiels (coal and oil) is a major contributor to the problem of

“acid rain”. (T) 36%

nit 8 The Contro! of Air Pollution

No items in ths category

Unit 9 The Response by Industry

ftem 31 There are 10 methods available for controlling the release of particulates into the
atmosphere. (F) 25%

Item 39 Fly-ash from coal-fired power stations can reduce the quantity of fertilisers
farmers need to use. (T) 25%

Item 41 In some areas of South Africa, the air pollution from domestic fires exceeds air

pollution from coal-fired power stations. (T) 38%

Item 42 SASOL only produces petrol from coal. (F) ~50%

Item 43 The only use for coal is to supply us with energy when the coal is burnt. (F) 0%
Poor Prior Kﬁcwledge Ytems

Unit 3 Combustion

Item 35 The ash produced by buming coal does not present any pollution problems

because it is solid and can be easily removed. (F) 38%
Item 36 South Afiican coal has a low sulphur content. Therefore the release of sulphur
dioxide from coal combustion is negligible. (F) -14%

Item 37 The burning of coal in households can produce worse air pollution than that
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produced by power stations. (T) 38%

Item 38 In South Affica, coal-fired power stations burn more coal than industries such as
ISCOR. (T) 29%
Item 39 Nitrogen oxides which contribute to air pollution problems are only produced by

industrial processes. (F) 28%

Item 41 The temperature in parts of the running motor car engine is sufficient to bring
about a reaction between nitrogen and oxygen in the air. (T) 19%

Tterm 43 The only products formed when petral is burnt in the engines of motor vehicles

are: carbon dioxide, carbon monoxide and lead compounds. (F) 19%

Ttem 44 Natural gas is methane. (T) 33%
Item 45 In South Afiica, natural gas deposits have been discovered near Mossel Bay. (T)
14%

Unit 4 The Depletion of Qzone in the Stratosphere

Ttem 31 The chesmical formula for ozone is Os. (T) 48%
Item 33 Once ozone is destroyed in the stratosphere, it can never be reformed. (F) 36%
“Item 35 CFCs are compounds whose molecules consist of ¢hlorine, fluorine and carbon
atoms. (T) 51% ’
Item 37 One chlorine atom released from a CFC molecule is capable of destroying

approximately 100 000 ozone molecules. (T) 26%

Ttem 40 CFCs are unreactive in the troposphere but become reactive in the stratosphere.
(T)22%

Item 42 Ozone is the only substance in the atmosphere capable of absorbing radiation of
wavelength 220- 330 nm. (T) 40%

Item 43 Solar radiation of wavelength 220-330 nm is harmful to life. (T) 26%

Ttem 44 A photochemical reaction can only be brought about by visible light. (F) 8%

Unit 5_Smog

Item 31 Smog is always a combination of smoke and fog. (F) -20%

Item 39 Ozone only has beneficial effects in the stratosphere. (F) 18%

Item 40 Ozone is not present in the lowest region (the troposphere) of the

atmosphere.(F) 18%
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Item 42

Ttem 43

Item 44

Nitrogen oxides are formed when nitrogen and oxygen in the air combine in the
very hot parts of the motor car engine. (T) 18%

Hydrocarbon compounds released from car exhausts, are involved in the chemical
reactions which produce photochemical smog. (T) 19%

Ozone accumulates during the formation of photochemical smog. (T) -7%

Unit 6 The Enhanced Greenhouse Effect

Ttem 31
Item 33

Item 36

TItem38

Ttem 40

Ttem 41

The “greenhouse effect” of the atmosphere is beneficial. (T) 58%
Approximately 45% of the Sun’s energy that enters the Earth’s atmosphere,
reaches the Earth. (T) 38%

All gases in the atmosphere are capable of absorbing infrared radiation (heat). (F)
18%

Human activities such as agriculture and farming do not contribute to air pollution
problems. (F) 46%

Scientists can predict with certainty the consequences of an enhanced
“greenhouse effect”. (F) 50%

Once carbon dioxide has been released into the atmosphere, it remains there

forever. (F) 25%

Unit 7 Acid Rain

Item 31

Ttem 33

Item 37

Item 40

Ttem 41

Item 42

Item 43

Rain is naturally neutral with a pH of 7. (F) 45%

Rain with a pH = 2.1 has fallen in Britain. (T) 36%

CFCs contribute to the problem of “acid rain”. (T) 37%

Industries contribute more than coal-fired power stations to the problem of “acid
rain”. (F) 18%

The contribution of industry to the total concentration of nitrogen oxides in the
atmosphere, is greater than the contribution of transportation. (F) 36%

The death of fish in the lakes of Europe and America has been a consequence of
“acid rain”. (T) 45% _

1t is a fact that “acid rain alone is responsible for the death of large numbers of

trees in the forests of Europe and America. (F) 32%
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Item 44 The use of tall chimney stacks (which dilute air pollutants) has overcome the
. *oblem of acid rain. (F) 23%

Unit 8 The {Lonirol or Air Poﬁution

Ttem 35 There is no law in South Affica to control air pollution. (F) 40%

Ttem 41 It is proposed that no CFCs will be produced by the year 2000. (T) 10%

Ttem 44 The Montreal Protoco! is an international agreement to reduce CFC production.
(T)50%

Ttem 45 All the nations of the world have signed an agreement to reduce CFC production.
(F) 30%

Unit 9 The Response by Industry

Jtem 32 Cyclones are very effcient devices for reducing air pollution. (F) 8%

Item 34 Industry could make use of technology which would eliminate air pollution
completely. (F) 13%

Item35 The cost of installing and using technology to reduce air pollution, is small

' compared with other costs faced by industry. (F) 25%

Item 37 Catalytic convertors cannot be used in South Africa because there are lead
compounds in our petrol. (T} 76% ‘

Item 38 ESKOM does not use technology to reduce the release of sulphur dioxide into the
atmosphere. (T) 0%

Item 40 Supplying electricity to towns in South Aftica, has totally reduced air pollution
from coal fires.(F) -26%
Item 44 If power stations use improved technology to control air pollution, electricity

could become too expensive for many people. (T) 12%
Item 45 Industry never monitors the quantity and nature of the air pollution produced by
its activities. (F) 50%
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An Introduction to_the Package

This package has been designed to provide a resocurce of
background information and student activities for teachers of
Std 9 classes. However it may be suitable for teaching at a
tertiary level eg. in Colleges of Education, or for use in
resource centres. Selected parts of the package may be
suitable for Stds 6-8 or for other disciplines eg. Geography.

The Design of the Package
The resource package comprises 10 units which are:
1. The Atmosphere
2. What is Air Pollution?
3. Combustion
4., The Depletion of Ozone in the Stratosphere
S. Smog
4. The Enhanced Greenhouse Effect
7. Acid Rain
8. The Control of Air Pollution
9. The Response by Industry
10. What are Our Alternatives?

Units 1 and 2 form the core of the package. The other units
are related to the core as illustrated in the diagram.

OL0

Each unit consists of:

a) An_Introduction
This provides background informatiaon for the teacher. It
informs and enriches and goes beyond the reguirements of
the lessaon.

b) A List of Learning Objectives
These summarise the essential aspects of esach lesson.
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c) Worksheets
They provide a variety of activities. There are
opportunities for small group discussions, practical
activities, long—-term projects, problem solving, reading
and comprehension, creative writing, role—-play, graphical
representation of data and interpretation of data.
The resource package does not aim to be prescriptive. It
is proposed that teachers will make their own choices as
to lesson plan and suitability of activities for the
context in which they teach. The worksheets provided
could be used as classroom activities, homework
exercises, projects or test guestions.

d) Solutions
Comprehensive solutions for the worksheets are to be found
at the end of each unit.

A glossary of terms has been included. It explains much of
the terminology used in the package. A few other terms which
have not been used 1in the package but which may be
encountered in other sources, have also been included.

Examples of multiple choice guestions, True/False statements
and statements to which students agree/disagree are to be
found at the end of the package. These questions probe
conceptual understanding of and attitudes towards air
pollution. These questions could be used as follows:

i) To Introduce the Topic of Air Pollution
The guestions/statements sensitise students to the
issues. Some guestions/statements aim to make students
more aware of their attitudes towards the problems of
air pollution. It makes an interesting study to assess
how students’ attitudes and understanding change after
studying the topic. To do this some of the
guestions/statements could be administered as a
pre—test before teaching and then as a post—test afiar
teaching a topic.

ii) To Stimulate Debate
Questions or statements could be used singly to
stimulate & lively classroom debate.

iii) To test/examine
Many af the questions could ko x2n Lo assess students’
understanding of a topic after w=a2hing.
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The Aims of the Package
Two broad aims of the package are:

A. To study the concepts and principles of air pollution.

B. To address the attitudes of students
i) towards science and technology
ii) towards issues concerning air pollution

The more specific aims of the package are that students
should:

1. gain an accurate and balanced understanding of the issues
and complexity of air pollution.

2. understand and effectively use the terminology associated
with the topic.

3. relate the concepts studied to the '"weal world"

4, perceive science as a human activity, involving team work,
where errors are sometimes made and some outcomes remain
uncertain.

5. become aware of the role played by science, technology and
society in the problems of air pollution and in the sesarch
for solutions.

4. understand and apply fundamental chemical principles,
previously learnt, to this topic.

7. become aware of the interrelationship of knowledge from
different disciplines in the study of air pollution.

8. realise the importance of a risk/benefit approach to
finding solutions to the problem of air pollution.

?. develop a critical approach to the presentation of
information on air pollution by the media.

Parts of this package will become outdated as our
understanding of air pollution increases. Nevertheless, the
package will form a basis for the topic. New worksheets may
be devised by the teachers themselves or included from other
sources as they become available.

This project has been generously sponsored by SASOL.
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UNIT 1

The Atmosphere

cage 6




Introduction te Unit 1

As it hurtles through space, Planet Earth can be
compared with a spaceship. This "spaceship" consists of three
states of matter: solid, liquid and gas. The solid state is
the 1land or lithosphere; the liguid state is composed of the
seas, lakes, rivers, glaciers, polar ice caps, undergraounc
water and is called the hydrosphere. The gaseous statz is
the air or atmosphere. We shall concentrate on the atmosphere
(fraom Greek words: ‘atmos’ meaning ‘*vapour’ and ‘sphaira’
meaning ‘ball’).

The atmosphere is a mixture of gases in whichk soclid
particles and droplets of liguid may be dispersed. The

atmosphere is naturally reactive. This is apparent, Ffor
example, in its involvement in combustion and the rusting of
iron. The atmosphere extends to an altitude of more than

2 000 km above the surface of the Earth. However the
atmosphere is not uniform: the density of the atmosphere
decreases sharply with increasing altitude as a consequence
of gravity. Thus 3504 of the tctal mass of the atmaosphere is
found lower than an altitude of 3 km, 90% is found within
15 km and 99,9% is within 60 km of the Earth’s surface. ( The
total mass af the atmosphere is about S x 10*® kg.) The
pressure of the atmosphere shows a similar variation with
altitude.

Graph of Altitude versus Density in the Atmosphere
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The temierature of the atmosphere alsa varies with
altitude ~ sometimes in a surprising way! This has led to the
classification of different layers of the atmosphere
according to altitude, temperature and other properties such
as compesitien and air movements. The main layers or regions
are the troposphers, the stratosphere, the mesosphere and the
thermosphere or ionosphere. The regions are not separate from
one another but continuous. The classification 1is simply
made to assist in the study of the atmasphere. Our study will
focus mainly on the troposphere and the stratosphere.

Graph of Altitude versus Temperature in the Atmosphere
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Diagram Showing the Major Regigns

of the Atmosphere
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The troposphere extends up to about 17 km above the
Earth’s surface. There 1is a steady decrease in tempgrature

from an average temperature of 15°C at the surface of the
Earth to approximately -83°( ‘ an altitude of 17 km above
the Earth’s surface. This w1, "ase 1in temperature with
increasing altitude is a cor . nace of the absorption of
mast of the longwave (infrarecw adiation from the Earth’s
surface. This absorption is gireatest at lowest altitudes, so

it is warmest near the surface. The troposphere contains the
gases for respiration and photosynthesis. The clouds and
winds that are a part of the weather are found in the
troposphere too. Convertion currents due to the warming and
rising of air cause turbulence. The air in the troposphere is
in constant motion in both the horizontal and vertical
directions. The name troposphere {(from a Greek word tropos
meaning "“to turnover!) is apt. Most of the activities of
humans take place in the lowest 2 km of this region. Some of
these activities are affecting both the troposphere and the
stratosphere.

The tropopause is a relatively thin layer in between
the troposphere and the stratosphere. Its heiecht varies
according to latitude and season. At the tropopause the
temperature begins to increase: here ozone molecules absorb
some of the Sun’s high energy ultravioclet radiation and
decompose exothermically. The tropopause is a vregion of
temperature inversion as the trend in temperature change
with altitude becomes inverted or reversed. The type of
temperature inversion Ffound in the tropopause is always
relatively stable because the hotter air above has a lower
density than +the wunderlying colder air. Tnus exchange
between the troposphere and stratosphere (across the
tropopause) is slow and does not occur to a large extent. The
low temperature found at the start of the tropopause plays an
important role. It prevents most of the water vapour present
in the atmosphere from reaching altitudes where it would
decompose into hydrogen and oxygen under the influence of
high energy ultraviolet sclar radiation. (This decomposition
is initiated by soclar radiation entering the atmosphere. It
is an example of a photochemical reaction. Photochemical
reactions play an important role in the chemistry of the
atmosphere.) If water were to decompose at high altitudes in
the atmosphere, the hydrogen produced would escape from the
Earth’s atmosphere. Thus the tvropopause prevents the loss of
hydrogen from the Earth’s atmosphere because the water vapour
freezes sometimes resulting in cirrus cloud formations. These
cloud formations act as a ‘"marker"” of the position of the
start of the tropopause. Most commercial aircraft fly just
below the tropopause. -

Extending about 30 km above the tropopause is the
stratosphere (from a Latin word, stratum meaning "layer®).
In this region, temperature increases with altitude until the
temperature reaches a maximum of approximately 10%C at 40 to
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350 km above the Earth’s surface. The stratosphere is an
important region because here the concentration of ozone
(present in the tropopause as mentioned earlier) increases to
a maximum of about 10 parts per billion or 10 ppb. Although
this is a small concentration, ozone plays a very important
role in protecting life on Earth from the Sun’s high energy
ultraviolzt radiation. The ozone molecules absorb some of
this high energy radiation and are decomposed by 1it. The
decomposition is exothermic. This causes the increase of
temperature which is observed in the stratosphere. While
some vartical movement of the air occurs in the stratosphere,
strong, fast moving, horizontal air currents predominate.
(It was hoped that aeroplanes such as the Concorde would make
use of these horizontal currents, sometimes called "jet
streams'". Because of concern about +the conseguences of
exhaust fumes on the atmosphere in this region, it has been
decided to fly the Concorde at a lower altitude.) Very little
water vapour is present in the stratosphere for the reasons
discussed in the description of the tropopause.

The temperature in the mesosphere falls steadily with
increasing altitude reaching -70°C at approximately 80 km
above the Earth’s surface. Meteors, sometimes called
"shooting stars" burn out in this region.

The thermosphere (alsa known as the ionosphere) is
characterised by a steady increase in temperature with
altitude. For example the temperature exceseds 1 000“C at an
altitude of 700-800 km. The air in the thermosphere |is
ioni '~d by the high energy ultra-violet part of the solar
radiation.

The composition of the troposphere (if unpolluted)
varies very little near the surface of the Earth. (With the
exception of water vapour which may be present in quantities
up to 4% in some regions or be totally absent in others.)

Composition of Dry Tropospheric Air

Substance Formula Percent of Gas
Particles

Majovr nitrogen Nz 78,08
Components oxygen O= 20,95
Minaor argan ’ Ar 0,234
Components carbon diaxide CO= 00,0314
Trace neon Ne 0,00182
Components ammonia NH:= 0,00100
helium He 0, 000524
methane CHa 0, 000200
krypton Kr 0,000114
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Other gases are present in concentrations below 0,0001%
for example hydrogen (Hz), xenon (Xe), ozone (Ox), two
nitrogen oxides — nitrogen maonoxide (NO) and nitrogen dioxide
(NO=), which are often given the collective formula NO.,
carbon monoxide (C0), sulphur dioxide (S0=x).

The table on page 11 gives the composition of the
tropospheric air in terms of percentage of gas particles. The
composition of tropospheric air can also be expressed in a

number of other ways of which percentage by vaolume is
probably one of the most important. The values aof volume
percentages will be identical to those of molecular
percentages. This is because equal volumes of gases at the
same temperature and pressure contain the same number of
molecules. Thus the volumes of gases at the same temperature

and pressure are directly proportional te the number of
molecules they contain.

For the minor constituents because the percentages are
so small, the concentrations are quoted in parts per million
(ppm) or parts per billien (ppb). Thus the concentration of
carbon dioxide is 0,0314% or 314/1 000 000 or 314 parts out
of a million ie. 314 ppm. The percentages gquoted are really
averages for the lower atmosphere (troposphere) because, as
mentioned earlier 99% of the mass of the atmosphere lies
below an altitude of 30 km.

The composition of the troposphere varies very little.
However the composition of the atmosphere does vary with
altitude. Between 120 km and 1 000 km above the Earth’s
surface, oxygen atoms (not molecules) are a major component.
Helium is a major component from 1 000 km tao 2 500 km whilst
above 2 S00 km hydrogen atoms (not molecules) predominate.

The concentrations of the major components of the
atmosphere remain constant over relatively "short" pericds of
time (say 100 000 vyears!). However circumstantial evidence
seems to suggest thet since our planet first formed, the
composition and temperature of the atmosphere have changed.
Some researchers have suggested that the early atmosphere
contained 1 000 times as much carbon dioxide as it does today
and that there was very 1little oxygen present. Much of the
carbon dioxide may bhave formed carbonates 1in sedimentary
rocks and the concentration of oxygen may have increased as
life began to proliferate.

Ice samples from a 2 km core drilled from the Antarctic
ice sheet contain trapped bubbles of air from ancient times
and this allows scientists (geologists and geophysicists) to
reconstruct a 160 000 vyear record of atmospheric gases and
temperatures. Their findings suggest that during the past
two centuries the concentrations of some of the minor and
trace components (see table on page 11 for composition of
air) have changed faster than at any time in human history.
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These changes may have consequences for the nature of
the benign climate the atmosphere provides for us to live in.
I+ it were not for the atmosphere the average temperature of
the bare Earth would be -1°C with scorching hot days and
freezing nights. This situation exists on the Moon which is
not enveloped by an atmosphere. The interaction of the
atmosphere with radiation from the Sun and radiation from
the Earth raises the average surface temperature of the Earth
to 135°C - a beneficial "greenhouse" effect.

In addition the atmosphere protects us +rom harmful
high energy radiation of the Sun for example ultraviolet and
cosmic radiation.

A chemist’s study o+ the atmosphere focuses on the
molecules and atoms it contains. These are in constant
motion. Molecules are vibrating and molecules and atoms are
moving rapidly in all directions in straight lines colliding

with one another from time to time. The average speeds of
these particles will be greater at higher temperatures and
less at lower temperatures. There are spaces between the

particles of gases. The speeds with which the particles move
and the spaces between the particles account for the rapid
mixing and diffusion of gases. Tne micrascopic behaviour of
these particles, if it involves sufficiently large numbers,
determines the macroscopic properties of the atmosphere that
we observe or detect.
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Lxxrning Objectives fovr Unit 1

Un completing this unit students should be able to:

Describa the compasition of the Earth as being solid
(the land} or lithosphere, liquid (seas, lakes and
rivers) or hydrosphere and gas {(the air) or atmosphere.
Describe qualitatively how the density of the atmosphere
changes with incrmasing altitude.

Describe qualitatively how the temperature of the
atmosphere varies with increasing altitude.

Explain what is meant by a temperature

inversign.

Explain what is meant by a photochemical reaction.
Describe the classification of the atmosphere into
regions -~ the troposphere, the stratosphere, the
mesasphere and the thermosphere with respect to altitude
and temperature.

Describe the main features of the troposphere and the
stratosphere.

Name and write the chemical formulae for the major,
minor and trace components of the atmosphere.

Express the concentrations of gases in the atmosphere
in terms of percentage of molecules and percentage by
volume.

Express the concentration of the minor and trace gases
as parts per million (ppm) or parts per billion (ppb).
Explain how the atmosphere provides a benign climate
for life (the biosphere) on Earth.

Describe the maturai reactivity of the atmosphere.
Describe briefly the theories which describe changes in
the composition of the atmosphere since the birth of the
planet and during the past two centuries.

Interpret the macroscopic atmosphere in terms of a
microscopic model of a mixture of gases — using terms
such as element, compound, mixture, atom and molecule.
Explain the phenomena of miscibility and diffusion in
terms of the microscopic model of the atmosphere.
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Worksheet 1(a) "Planet Earth"

i) Planet Earth is like a manned space-ship hurtling through
space. Earth carries with it the physical features that
suppart life (the biosphere). Try to name some of
these physical features or life-support systems.

ii) fAstronauts often comment on the beauty of Earth encirclesd
by the atmosphere which is marked by its pattern of
clouds. What would planet Earth be like if there were no
atmosphere?

iii) Why do the gases that comprise the atmosphere not leave
the Earth and escape into interplanetary space?

iv) Is the atmosphere naturally unreactive? Explain vour
answer.




Worksheet 1(b) "Lift—pFFi"

Scientists monitor the atmosphere using sophisticated
daevices on the surface of the Earth that can "look" into the
atmosphere up to a height of approximately 2 km. They can
also measure its temperature, prassure and chemical
composition, by sending up instruments aboard balloons.
rockets and satellites.

Let’s suppose that you are aboard
an imaginary craft "Beetle—-Bob II"
designed to travel to a height of
200 km above the Earth’s surface.
Instruments record altitude,
temperature and pressure.

You will also be collecting 1 dm~™
samples of air at certain altitudes.

Beetle-Bob 11

Task 1

Look at the data given below on temperature and altitude for
the atmasphere. Befare plotting a graph of this data,
convert the temperature readings from the Celcius scale to
the absolute (Kelvin) scale of temperaturs. (You will be
adding information to the graph and it will be clearer if the
curve you draw does not cut across the vertical axis). Now
plot a graph of altitude versus absolute temperature using
the vertical axis to represent altitude and the horizontal
axis to represent temperature. Use as large a scale as
possible.

Altitude/km ] 15 25 50 73 100 150
Temperature/?C 20 =33 =20 10 -~100 -40 230
Temperature/K

When vyou have the points on your graph paper, join them with
a smooth curve. Now use your graph to answer the following
questions:

i) At what altitude is the temperature the lowest?
ii) What is the lowest temperature?

iii) At what altitude(s) is the temperature the same as that
at the surface of the Earth?

iv) Mark the pusition of the temperature inversion (the
tropopause) on your graph. You may notice other temper-
ature inversions on the graph: label them (in this
sequence) stratopause and mesopause.

v) Now mark the positions of the stratosphere, mesosphere
and thermosphere on your graph.

page 1&6
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Task 2
Using your graph as a flight record chayt, mark off the
positions of the fgllowing:

P
. % % % .
cumulus clouds <D , cirrus clouds 3%3 g s rain,
Mount Kilimanjaro (3760 m), aeroplanes, Yshooting stars",

directions of wind movements/air currents.

Task 3

Imagine that you tock a 1 litre (1 dm™) sample of air at
ground level, then at an altitude of 10 km and then at
regular intervals of 10 km as the craft rises. What will
happen to the mass readings of the samples of air vyou are
collecting as the altitude of the craft increases?

Can you explain this?

Represent this in some way on your graph.

At an altitude of 8 km 1in the atmosphere would there be
less/the same/more  oxvaen in a litre of aiv than in a litre
of air at the surface of the Earth?

Would the composition (%4 particles) of the air at an altitude
of 8 km be the same as that of the air just above the Earth’s’
surface?

Can you explain your answer?

Task 4

"Beetle-Bob II1" will be recording atmospheric pressure
readings. What will happen to the magnitude of the pressure
readings as the craftt rises higher and higher above the
Earth’s surface?

Without marking actual altitude and pressure values, sketch
a graph showing how you think the pressure would change with
altitude.

Altitude

Pressure
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Worksheet 1(c) " A B8mall View af Air"®

In this exercise we consider and discuss the microscopic
nature of air. Although we use the word "microscopic', the
atoms and molecules that make up air cannot be seen under a
microscope. They are in fact far +too small to be seen even
under the most powerful microscope.

Work in small groups (approximately 4 students in a group) to
complete the tasks that follow. Discuss your answers with
each other and try to agree on an answer. However if you fail
to reach agreement, agree to differ and maybe a soluticon can
be +found when you discuss your answers with your teacher and
the rest of the class at the end of the exercise.

Task 1
Dn a macroscopic scale (ie. wusing our eyes) air appears
uniform and it looks as if nothing is there! However we know

air is a mixture of substances.

Coemposition of Pollution—-Free, Dry Tropospheric Air

Substance Concentration(% particles)
Major nitrogen 78,08
Components oxygen 20,95
Minor argon 0,934
Components carbon dioxide 00,0314
Trace neon 0,00182
Components ammonia 0,C00100
helium 0,000524
methane 0,000200
krypton 0,000114

i) Paying no attention to proportions, can you draw a diagram
in which you represent air as a mixture of these gases?
Use symbols such as () and (;f) for atoms and molecules
respectively. Label the atoms molecules you have drawn.
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ii)

When the concentration of a gas in the atmosphere is very
small, we express its concentration as parts per million
(ppm) or parts per billion (ppb).

For example, from the table, we see that the
concentration of carbon dioxide in the atmosphere is
given as 0,0314 % of particles.

This means that the fraction of particles in the

atmosphere that are carbon dioxide is 0,03i4
io00

or 314
1 0CO 000

ie. out of | million particles in the atmosphere,
314 particles are carbon dioxide molecules.
Therefore the particle concentration of carbon
dioxide in the atmosphere is 314 parts per million

or 314 ppm.

Now try to express the particle concentration of
methane in parts per million (ppm).

Task 2

i)

Diagram I is a microscopic representation of a sample of
air in a rigid container (a container that cannot
expand). The symbol (:) is used to represent an air

particle.
Which diagram (a, b, c or d) is the correct microscopic

representation of the sample of air when it has been
warmed?

O 0
O

O O

b c d

O~O
O O O~0O

Answer:
Explanation:
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ii) If you «climb a high mountain, you may start to feel

breathless and gasp for air. (We describe this by saying

*the air is becoming thinner™.)

Diagram 11 1s a microscopic representation of 1 dm¥ air

at the base of a very high mountain. Which diagram

(e,

£, g or h) is a correct microscopic representation of

1 dm® air at the top of the very high mountain?

OOO ° . OOO

SN O C%O

O
O ‘O% O

L0

11 e f g

Answer:
Explanation:

Task 3

Light the candle tihnat has besn given to you. Let it burn
about a minute and then blow it out.

Carefully watch the movements of the smoke produced.

a) Describe the movements and explain what is happening.
b) Why does the smoke disappear?
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Worksheet 1 (d) "Take a Deep Breath!"

Task 1
i) Every day we breathe approximately 16 kg of air. That is

six times the mass of food we eat in a day! If the air
has a density of 1,28 g dm™¥, calculate the total
number of air particles you breathe every day.
(Disregard the solid and liquid particles and calculate
only the particles o+ gas.) Assume a constant
temperature of 25 ®C and a pressure of 101,3 kPa.

ii) Calculate the number of oxygen molecules inhaled in a
day. (Remember only a fraction of these molecules is
involved in the reaction which produces energy from the
+ood we have eaten and so the mixture of gases we exhale
will contain some oxygen as well).

iii) Calculate the number of argon atoms we inhale in a day.

Task 2

Read the following passage based on an article appearing in a
journal, the "American Scientist" (19467), and then answer the
questinns that follow.

"There was a time when little argon existed in the
Earth’s atmosphere, and practically no free oxygen at all.
That was billions of years ago. The oxygen has built up to
its present abundance by the photosynthetic processes of
green plants. The argon has over millions of years grown to
its present percentage as a result of the radioactivity of
one of the isotopes of potassium atoms found in rocks. That
radioactive decay steadily goes on. In 3 billion years aur
atmosphere will contain about twice as much argon as it does
now.

in your next breath vyou are taking in, opesides the
oxygen and nitrogen, 3 x 10*% atoms of argon. A few seconds
later you exhale those argon atoms along with billions and
billions of molecules of carbon dioxide, oxygen and nitrogen.

Now let us follow the “career"” of one argon—-rich breath.
We shall call it Breath X. It guickly spreads. Its argon,
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exhaled this morning, by night Fall is all over the
ne.ghbourhood in which yow live. In a month, it is all over
. e country. By the end of the year, the 3 x 10'® srgon atoms
of Breath X will be evenly distributed throughout all the air
of the lower atmosphere. You will then be breathing some of
those same argon atoms again. A year from now, wherever you
are on the Earth’s surfece, in a day’s breathing vyou will
inhale at least 135 of thaose argon atcms of today’s Breath X.

This rebreathing of argon atoms of past breaths, your
own  and others’ has some picturesque implications. The argon
atoms associate us, with an airy bond, with the past and
future. Every saint and every sinner of earlier days, and
every common man and beast have inhaled the &argon atoms in
the atmosphere.Your next breath will contain more than
400 000 of the argon atoms that Gandhi breathed in his long
life. Argon ataoms are here from the cenversations of the Last
Supper, from sighs and pledges of ancient lovers, from the
recitations of the classic poets and from the battle cries at
Waterloo. QOur next breaths, vyours and mine, will share the
snorts, bellows, shrieks, cheers and prayers of the
prehistoric and histaric past.

There ought to be a moral to this story of argon. We do
not want the atmosphere corrupted, polluted, poisoned. The
moral could be: Respect your breath! Keep it decenti"

Questiong

i) Why does the writer talk about argon atoms but about
oxygen and nitrogen meleculeg 7

ii) Why does the argon in the atmosphere not escape into
outer space?

iii) Explain how it is possible that the argon atoms you have
exhaled spread so guickly - ‘"by night fall they are
all over the neighbourhood....by the end of the vear
they are distributed throughout the air of the lower
atmosphere."

iv) Why does the writer highlight the constancy of argor and
not nitrogen and oxygen in the atmaosphere?

v) Discuss the statement "The composition of the atmosphere
has remained constant since thes birth of planet Earth.
It is only the activities of humans that are changing
the composition of the atmosphere". ( Passages in the
article quoted abaove may help you in your answar.)
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Worksheet 1(e) "Fun in ths Sun”

Thi

s activity could also be performed by the students when

studying Unit 4: The Depletion of Ozone or UYnit S5: Smog

Requirements
Potassium dichromate (or ammonium dichromate)

Measuring cylinder

Spatula

2 watch glasses

2 pieces of filter paper

2 coins or other abjects to place on filter paper

4
to

coloured light bulbs (red, blue, yellow, green) connected
plug

1 small clear glass container (a sample bottle is ideal)

Method

1.

Dissolve approximately half a spatula of potassium
dichromate in about 20 ml water.

2. Dip the two pieces of filter paper into the solution and
drain of the excess solution.

3. Spread the coloured filter paper on the two watch glasses.

4, Place a coin (or other small object) at the centre of each
piece of filter paper.

5. Place one of the watch glasses and filter paper, in the
direct sunlight (at an open window or outside).

6. Leave the other watch glass and filter paper indoors out
of the direct sunlight.

7. Leave the watch glasses in these positions for about
20 minutes.

8. While you are waiting, {ill the small container with
some of the remaining potassium dichromate solution.

9. Plug in and switch on the coloured light bulbs. Observe
each light bulb through the potassium dichromate solution.

1
10. Record your observations.
11. Bring in the watch glass and filter paper that was placed
in the direct sunlight.

12. Remove the coins from both pieces of filter papei- and
compare the two pieces of filter paper.

13. Record your observations.

Observations

1.

Colour of light bulbs observed through the potassium
dichromate solution.

Red Bulb Yellow Bulb Green Bulb Blue Bulb

!
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2. Comparison of two pieces of filter paper

Filter Paper Exposed to Sun Filter Paper Indoors

Questions

1. What do you conclude from your observation of the light
bulbs through the potassium dichromate solution?

—

Z. Explain any observed differences in
i) the filter paper (exposed to direct sunlight) and the
filter paper kept indoors.

ii) the areas covered by the coins and the areas left
uncovered.

3. Using the information shown below, calculate the
approximate energy (per photon) necessary for the
phenomenaon you have observed in this exercise.

Diagram Showing the Wavelengths of the Visible
Electromagnetic Spectrum

- Violet Green Red

Visibie spectrum

Blue ) I Yellow
390 nm 500 nm 600 nm 700 nm



Solutions to Worksheets for Unit 1

Worksheet 1(a) "Planet Earth"

il

ii)

iii)

iv)

Atmosphere, Water (the Hydrasphere), lLand or Socil {(the
Lithosphere).

No life (the Biosphere) present because of the lack of
axygen.

Days would be extremely hot and nights freezing cold.
All solar radiation (including high enesrgy harmful
radiation) would reach the surface of the Earth during
the day. At night all radiation from the Earth’s
surface, would travel out into space.

The Earth’s gravitational force keeps these gases rlose
to the Earth.

No. The atmosphere is naturally reactive. This is
apparent in the rusting of iron, the deteriocration of
materials, eg. rubber, paint, on exposure to the
atmosphere. The process of burning or combustion is also
evidence of the atmosphere’s reactivity.



Worksneet 1(b) "Lift-offi"
Task I
Temperature /K 293 238 253 283 173 233 503

1) 75 km
ii) =-100°C (173 K)J
iii) 115 km
iv) and v) onr graph on next page

Task 2
On graph on next page

Task I
The mass readings of the samples will decrease.

Explanation: 4ir becomes less dense as one moves up from the
Earth’s surface. The higher the sample is taken, the smaller
the mass of aiv in the same vaolume (1 dm™).

(Representaticn of dotse on graph)

At an altitude of 8 km in the atmosphere, there would be less
oxygen in a litre of air than 1in a litre of air at the
surface of the Earth.

Yes, the composition of the air at an altitude of 8 km in the
atmosphere would be the same as that of the air Jjust above
the Earth’s surface.

Explanation: There would be fewer particles of all gases.
The! 2fore the fraction (percentage) of each gas would be the
same. The composition of the troposphere (up to 15 km) is
more or less uniform.

Task 4
The magnitude of the pressure readings will decrease.
Altitude (a)
Pressure

Students may draw graph like this

Altitude
Pressure

Teacher should mention that graph has shape as shown in (&)
because gravitational force follows an "Iinverse square law".

T
:]
R
]
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Worksheet 1(c) "A Small View of Air®

Task 1

i) Example of Represesntation

Key:

helium atom @

argon atom <:>
oxygen molecule(:i:>
carbon dioxide molecule(::::)

methane molecule @

necn atom O

krypton atom(:i>
nitrogen molecule (:::)

ammonia molecule g 2

ii) % methane = 0,0002 (from the table given

Particle concentration
of methane

page
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0,0002
100

S
1 000 000

2 molecules (particles)
methane per million
particles of air

2 ppm

of




Task 2

1) Answer: b
Explanation: Particles of air will be moving faster.
This cannot be shown so representation for warmer air
will be very similar to I . Particles themselves will
remain the same size and will remain evenly dispersed
throughout the container.

ii) Answer: g

Explanation: At the top of the mountain the aiv is less
dense than at the foot of the mountain. There are fewer
particles of air in the same volume (1 dm¥) and these
particles are dispersed throughout the volume of 1 dm¥.
The size of the particles vremains the same, but the
spaces between them are larger.

Task I
a) Rising of smoke is caused by the warm aiv rising above the

b)

hot flame and the smoke particles being carvried along too.
The "curling" of the smoke is caused by interference of
other 2i¢ movements such as draughts and wind.

Particles of smoke move from a region of high
concentration {(visible cloud of smoke) to regions where
the smaoke particles are less concentrated (smoke is no
longer visible). This process of diFfusion occcurs because
of the constant movement of the air particles which " bump"
and move the smoke particles. The spaces between the air
particles allow the smoke particles to disperse and we say
they "disappear".




Worksheet 1(d) "Take a Deep Breath!"

Task 1
(i)
Mass aivr = 16 kg = 16 x 10¥ g
Density of air = mass
valume
1,28 g dm™=~ = 16 x 105 g
volume

S Volume of air breathed per day = 12 500 dm™
PV = nRT

101,3 kPa x 12 500 dm= = n x 8,314 JK'mol x 298 K

n 511 mol particles of air

No. of particles inhaled per day = 3,1 x 10%* per day

(ii)
Percentage of oxygen in the atmosphere = 217
Ne. of vxygen molecules inhaled per day
= 21 x 3,1 x 10%=
100

= 4,5 x 107% polecules

(1i1)
Percentage of argon in the atmosphere = 1X
No. of argon atogms = _1_ x 3,1 x 107*
100

= 3,1 x 107® argon atoms

Task 2

i) Argon is a gas which consists of separate, unbonded
atoms.

11) Argon atoms have a relatively large mass. The +orce
of gravitational attraction between the Earth and the
argon atoms, keeps the argon atoms encircling the Earth.

i1ii) The argon atoms gquickly move amongst the other rapidly
moving particles (atoms or molecules) of gases in the
atmosphere.
The argon atoms are also carried by the turbulence of
the troposphere. This turbulence gives rise to the air
currents and winds characteristic oFf the lower region
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v)

of the atmosphere.

Argon is an unreactive gas (a "noble gas"). Argon does
not react with other substances in the atmosphere,
hydrosphere, 1ithosphere and biosphere. Argon remains
unreacted in the atmosphere. Nitrogen and oxygen can
react with other substances in the atmosphere,
hydrosphere, lithosphere and biosphere. The nitrogen
and oxygen can thus be "removed' from the atmosphere.
(Gee Unit 6 and Unit 9 for some cycles)

The article indicates that the composition of the
atmosphere has changed since the birth of the planet.
Buote, “"There was a time when little argon existed...
and practically no free oxygen at all." The article
states that the concentration of argon is increasing:
"in 5 billion years our atmosphere will contain about
twice as much argon as it does now." Thus the changes
in the atmosphere are not only caused by human

activities — natural phenomena also cause changes in the

composition of the atmosphere.

]

2,
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Worksheet I1(e) "Fun in the Sun"

Observations

1.
Red Bulb ‘ Yellow Bulb I Green Bulb l Blue Bulb
Red ' Yellow ’ Yellowish Dark -
no colour
P ,
Filter Paper Exposed to Sun Filter Paper Indocrs
Dark Brown with orange-yellow Orange Yellow
coin shape Iin centre with little difference
in colour of the coin
shape

Suestions

1. The potassium dichromate solution absorbs biue 1ight
(and some green as well).

2. i) A change occurred in the filter paper exposed to the
Sun. 4 chemical reaction occcurred which must have
been initiated by the energy from the Sun — a
photochemical reaction.

ii) The areas covered by the coins were not changed. No
energy from the Sun reached this part of the paper and
so no reaction occurred. The parts of the paper
exposed to the Sun’s energy changed as described in
(i) above.

3. Wavelength blue light is approximately 445 nm (from
diagram).

he

A
46,62 x 1077 J 5 x 3,00 » 109 m s~*
445 x 1077 m

Energy per photon

]

4,47 x 107*%¥ J per photon
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\ntroduction to Unit 2

Air 1is a natural resource that is freely available to
all. It is essential to almost all forms of life and most
industrial processes. Only when problems of air pollution
exist, does the guality of air become important. Qnly then
does the value of clean, unpolluted air become apparent.

What is air pollution? For many of wus, our initial
knowledge of air pollution is gained via tne media; we read
repaorts in newspapers, magazines or hear/see reports on the
radio and T.V. Sometimes these are accurate reports written
by scientists whp are experts in their Fields. However
sometimes articles are written by Jjournalists who are not
experts but who are reporting on information they have read
in scientifinr articles. Erroprs and misinterpretations may
sccur. Reports in the media can influence our knowledge and
attitudes to the problem of air pollution. We should
therefore read such earticles critically with a view to
checking information in other sources before simply accepting
ideas or views put forward.

In our search for an answer to the guestion, "What is
air pollution?", a glance at some definitions given in
dictionaries may provide initial ideas. For example:

"Pollution - Term applied to any environmental state or
manifestation which 1is harmful or unpleasant to life,
resulting Ffrom man’s failure to achieve or maintain control
over the chemical, physical or biological consegquences or
side-effects of his scientific, industrial and social
habits.”

{Chambers Dictionary of Science and Technology)

"Air Pollution —~ The presence in the outdoor atmosphere of
one or more contaminants such as dust, fumes, gas, mist,
odour, smoke or vapour in quantities and of characteristics
and duration such as to be injuriocus +tao human, plant or
animal life or to property, or to interfere unreasonably with
the comfortable enjoyment of life."

(McBGraw~Hill Dictionary of Scientific and Technical Terns)

These are complex definitions. More simply stated, air
polliution is the presence in the atmosphere of substances
which may be a nuisance or may cause damage to 1life or
materials. Air pollution manifests itself in many ways: for
example odour, smaoke plumes, vreduced visibility, damage to
humans, plants and animals, damage to buildings, damage to
materials eg rubber.

The substances giving rise +to the air pollution are
termed air pollutants. Air pollutants can be solids (dust,
soot o©r ash), gases (eg. sulphur dioxide or carbon monoxide)
and aerosols (solid or liquid particles which are mixed with
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the air and are toco small to drop out of the air). Gaseous
pollutants may travel large distanves and their effects may
be directly or indirectly Telt. Such pollutants remain in the
atmosphere until they are chemically changed or are dissolved
in droplets of water 1in the atmosphere and precipitated in
rain ar snow. Gaseous pocllutants are potentially more harmful
than particulates because they are usually invisible and
odourless and it may take considerable time before their

effects manifest themselves. Large solid particles or
droplets of liguid settle out of the atmosphere Ffairly
quickly under the influence of gravity. 8maller solid

particles or droplets of liquid remain in the atmosphere for
longer periods of time and can travel Ffurther. Particulate
pollution can give rise +to the visible forms of air
pollution; smoke or haze and dust ar dirt deposits on
surfaces etc.

Air pollutants may be classified as primary air
pollutants or secondary air pollutants. Primavy air
pollutants are found and cause air pollution problems in the
same chemical form in which they were released Ffrom the
source eg. carbon monoxide. Secondary air pollutants are
formed as a result of chemical reactions involving wprimary
air pollutants and other companents in the atmosphere eg.
H=280x= is formed when S0z emitted from the burning of coal
reacts with water in the atmosphere.

When air pollutants cause the guality aof air to
deteriorate close to their source, this is termed lgcal air
pollution. Some air pollutants are more widely dispersed
within the tyoposphere and cause regional air pollution. If
the entire atmosphere is affected, eg. the accumulation of
carbon dioxide, then global air pollution results.

In many cases, the atmosphere is able tu render air
pollutants less harmful by dispersing and diluting them.
(However, as we shall see in later Units, dilution is not
always a means of overcoming the praoblem of air pollution.)
Dilution and dispersal of Air pollutants take place by means
of diffusion, or by horizontal air movements (wind) or
vartical air movements (convection currents). I+ addition
some pollutants may be changed to less harmful substances by
chemical reactions 1n the atmosphere. Some pollutants
dissolve in droplets of water in the atmosphere and are then
removed +rom the atmosphere in precipitation such as rain
or snow. (Of course this can then cause problems in the soil,
lakes and rivers!) The biosphere may also play a vrole in

removing air pollutants. For example, trees absorb carbon
dioxide from the atmosphere during the process of
photaosythesis. Air pocllution becomes a problem when the
introduction of air pollutants intc the atmosphere takes

place at such 3 large rate and/or for such long periocds of
time that the cepacity of the atmosphere to render these
pollutants harmless, is exceeded.
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From these descriptions of the dispersal and/or removal

of air pollutants from the atmosphere, it is apparent that
the weather and climatic conditions play an important role in
air pollution. Carried by winds, air pollutants can cause

problems hundreds of kilometres from where they originated.
Temperature inversions can lead ta a layer of warm (less
dense) air "trapping" colder (more dense) air below. This
results in air pollutants present in the colder air not
being dispersed and diluted. This is a common phenocmenon,
for example, in the Transvaal Highveld in winter. Climataic
conditions such as the ebsence of rain in the dry Transvaal
Highveld winters, can result in air pollutants (which would
normally be dissolved and precipitated in the rain) remaining
in the atmosphere for 1long periods of time. Thus air
pollution is much more evident far example in the
Witwatersrand in winter than in summer.

To attempt to control air pollution, it is necessary to
understanc what the sources of air pollution are. Human
activities are sources of air pollution. (Air pollution is
a feature of Ylife at work'".) Many of these activities
require the burning of coal and ail. This combustion
produces substantial amounts of sulphur dioxide (80x),
nitrogen oxides (NG.), carbon dioxide (CO=z), carbon monoxide
(C0), hydrocarbaons (termed non—methane hy irocarbons or NMHCs)
and soot particles. Tetraethyl lead is added to petrol to
prevent "knocking" in engines. As a conseguence, lead
compounds are emitted from vehicle exhausts. 0O"her
industrial processes release dust, chlorofluorocarbons
(termed CFCs) or toxic metal compounds into the atmosphere.
Agricultural activities can also 1lead to pol'ution. Fields
spread with nitroungen—rich fertilisers emit dinitrogen oxide
(N2Q) . Burning forests vyield large amounts of carbon
monoxide. (The loss of forests can also lead to accumulation
of carbon dioxide in the atmosphere.) Rice—-paddies and
ruminants, such as cattle, contribute significantly to
methane (CHa) concentrations in the atmosphere. Particles
such as soot, dust and ash get intoc the air as a result of
activities such as burning fossil Ffuels, agriculture,
construction, mining.

Nature, Ltoo can cause an increase in the concentrations
of many of these gases. Lightning and the bacterial action in
soils result in the formation of nitrogen oxides. Biological
decay produces ammonia and wmethane. Volcanic eruptions
produce sulphur dioxide, hydrogen sulphide and dust. 8oil
erasion by wind can produce dust particles. Dver the years,
these natural emissions of pollutsnts, with the exception of
volcanoes, do npot Ffluctuate significantly. (Volcanoes can
have gignificant effects on the atmosphere. Volcanic
eruptions can thrust volcanic dust and octher air pollutants
into the stratosphere where they are widely distributed by
the horizontal winds that move from the eguator to the poles.
The dusl detreases the solar radiation reaching the Earth
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and chliorine compounds can deplete the ozone in the
stratosphere.)

ne table, at the end of *this introduction, lists some
of the gasecus pollutants and compares the quantities emitted
annually by human and natural sources. You will notice that
the gases listed are the minor or trace components of the
atmosphere. The concentrations of the major components
nitrogen and oxygen which together with argon make up 99;95%
of the atmosphere, remain constant. Air pollution, at
present, 1is causing rapid variation in the concentration of
gases that make up only the remaining 0,03% o+ the
atmosphere. Air pollution may occur when the concentration of

a trace component of the atmosphere eg. carbon dioxide, is
increasad. Air pollution may occur when the concentration of
a trace component in the atmosphere eg. ozone in the

stratosphere, is decreased. Air pollution may also occur when
a substance which does not occur naturally in the atmosphere
is released intoc the atmosphere, eg. chlorofluorocarbons
(CFCs).

The study and constant waonitoring of the atmosphere
involves peaople from many disciplines (for example chemists,
physicists, geographers, genphysicists, climatologists,
nuclear physicists, biologists, etc). Much information with
regard to the arigin, nature and conseguences of pollutants
is being provided by the investigations and research of such
scientists.

Scientists believe that since the birth of the planet
Earth billions of years sago the atmosphere has been changing.
However over "shorter! periods of time (approximately 100 000
yvears) the composition of the atmosphere has remained the
same. The analysis of air bubbles trapped in the ice sheets
of Antarctica has revealed that there has been relatively
rapid change in the concentrations of some of the components
of the atmosphere aover the last two centuries. It 1is this
greater pace of change that is a matter of great concern.

For the concentration of an air pollutant in the
atmosphere to remain constant (a '"steady state”), the rate at
which the pollutant is released into the atmosphere should
equal the rate at which the pollutant is removed from the
atmaosphere. I+ the rate a3t which the air pollutant is
released into the atmosphere exceeds the rate at which it is
removed then the concentration of the pollutant in the
atmosphere will increase. This appears ta be the case with
the rapid increase in the concentration of carben dioxide in
the atmosphere. In the case of the ozcne in the stratosphere,
the rate at which ozon is being depleted by air pollutants
such as CFCs and nitrous oxide, exceeds the rate at which it
is being generated by a photochemical reaction from oxygen.
This is resulting in a decrease in the concentration of ozone
in the stratosphere which could be detrimental to 1life an
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Earth.

Graphs showing changes in the Concentrations of Some Trace
Gases

A&. Changes in _the Concentration of Carbon dioxide
in the Atmosphere since 1600

3204

Carbon dioxide 300}

concentration
in
ppm 280
260 . _
1600 1700 1800 1900 2000
Years {(AD)

B. Changes in the Concentration of Methane in the
Atmosphere since 1600

1600
Methane 1200
concentration
in
ppm 800
1600 1700 1800 1900 2000
Years (AD)

Who is to blame for air pollution? Technological
development is often portrayed as the culprit. However the
role of technology in the problem is complex. Technological
development contributes to changes in the co «3Intrations of
minor and trace gases in the atmosphere. Howe, - it is also
science and technology that have provided the techniques and
instruments for detecting and measuring the concentrations
of the gases in the atmosphere. Without these skills we would
not be as well-informed about air pollution as we are. In
addition to being one saurce of pollution, technology
provides the solutions +to pollution problems. We must also
bear in wmind the positive contributions of science and
technolagy to our quality of life. Every benefit of life
carries with it a risk. The solutions we finmd to the problems
of pollution will reguire a delicate balance between the
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aspects of bhenefit and risk. We make this kind of decision
every time we use a motor car rather than walking!i

The alarming growth in the world population must also
play a significant role in the problem of air pollution. The
graph of population plotted against time correlates extremely
well with those showing the increase in the concentrations of
carbon dioxide and methane shown earliear.

Graph showing the Growth of the Human Population

10

Population 8
in

Billiaons 6

O SN + 4 T
1771000 1200 1400 1600 1800 2000

Years (AD)

Both poor and rich people contribute to air pollution.
During winter the coal Ffires of the poorer communities
contribute more than industry does to the smoke and sulphur
dioxide concentrations in the air in the Witwatersrand
area. The emissions of privately owned motor cars in affluent
Los Angeles in the United States of America can result in
health-threatening smog.

Political and social praoblems alsc have an  impact an
pollution. After the recent 1921 war in the Middle East, the
smoke fraom burning il wells in Kuwait blotted out the
sunlight and lowered the temperature of the Earth in that
region. Details of severe air pollution in Eastern European
countries such as Hungary, Czechoslovakia arnd Poland are
emerging. 0ld, poorly-maintained facto)ies belch out fumes
into greasy brown air so that "In this part of the world,
nobody takes breathing for granted" (words of sameone waiting
at a cliniec in Hungary.)

Some consequences of air pollution are becoming
apparent, far example acid rain, the depletion of oczone and
the formation of smog. However it is not possible to predict
with certainty the outcomes of these conseguences: thus it is
not clear whether increased concentrations of carbon dioxide
in the atmosphere will lead to global warming. Nor is it
possible to state with certaintv that acid rain is destraoying
trees in Europe.
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Recognition of the fact that air pollution is a problem
is a step along the path to Finding & soclution. Human
ingenuity coupled with a willingness to change our lifestyles
(eg. using motor vehicles less or paying more for electricity
that uses additional technology to reduce pollutants from
stacks) will be reguired in finding a solution to the problem

of air pollution.

Note: Table showing annual world-wide emissions of
somz2 air pollutants, follows on the next page.



Anrual Worldwide Emissions of Some Air Pollutants (10% kg yr*)

Pollutant Human Quantity Natural Quantity.
Activity Phenomena
CO= Combustion 20 000 Biological 1 000 000
of wood and decay, release
fossil fuels +rom oceans,
forest fires
and respiration
co Incomplete 600 Forest fires 2 500
Combustion
S0 Combustion 207 Volcanoes and 10
of coal and biological
oil, smelting processes
of ores
CHa Rice fields, 188 Anasrobic 1 800
cattle, fossil- biological
fuel production, decay and
rubbish dumps termites
NO.. High— 90 Lightning, 180
temperature bacterial
combustion action in
sail
NMHC* Incomplete 40 Biological 20 000
combustion processes
NH:s Sewage A Anaerobic 260
treatment binlogical
and decay
fertilisers
H28 Petroleum 3 Volcanoes and 84
refining anaerobic
and sewage biological
treatment decay in soil
and water
CrCs® Spray cans, 1 - -
refrigerants,
+oams
¥ NMHC = non-methane hydrocarbors, ie. all hydrocarbons other

# CFCs

I

chlorofluorocarbons
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The sources of information for the table on the previous page
are:

1. "ChemCom" by the American Chemical Spciety (1988),
page 374.

2. "Chemistry of the Atmosphere" by Richard Wayne (1985)
pages 194 and 195.
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Learning Objectives for Unit 2

On completing this unit students should be able to:

2.1

2.2

Explain the meaning of air pollutipn and air
pollutants.

List some of the ways in which air pollution manifests
itself eg. odour, smoke, reduced visibility, damage to
plant and animal life, damage to buildings, damage to
materials etc.

Explain that air pollutants can be classified as
solids, aerocsols, gases.

Explain what is meant by primary air pollutants and
secondary air pollutants.

List some of the major human activities that are
sources of air pollution.

List the names (and formulae if applicable) of air
pollutants produced by the activities listed in 2.35.
List some of the natural sources of air pollution.
List the names and formulae (if applicable) of air
pollutants produced by the natural scurces in 2.7
Explain that air pollution affects the concentrations
of some of the minor and trace components in the
atmosphere ie. approximately 0,053% of the atmosphere.
Describe the natural ways in which air pollutants are
rendered harmless or removed from the atmosphere eg.
by chemical conversion to other compounds or thiough
precipitation in rain.

Discuss the role played by science and technology in
the problem of air pollution.

Discuss the role played by world population and sacial
conditions in the problem of air pollution.

Describe the role played by the weather and climatic
conditions in air pollution.

Assess more critically reports of air pollution in the
media.




Worksheet 2(a) Particulates (Solid Particles)

Particulate matter suspended in the atmosphere gives rise to
visible air pollution. Particulate matter in the atmosphere
is sometimes referred to as T8P or Total S8Suspended
Particles. B8Some particles are large encugh to settle ocut of
the atmosphere fairly guickly. Smaller particles may remain
in the air for several hours and, carried by wind, may
travel consicarable distances. Very small perticles may
remain suspended in the atmosphere for long periods of time.

In this activity, for a period of 1 — 2 weeks you will
attempt to detect and collect some of these particles. Keep
vour results and bring them to class to discuss them with
your teacher.

i) Cut two identical strips of stiff paper
and smear one side of each with Vaseline.
Fix aone strip ocutside well exposed
to the air but protect it fram the rain.
Fix the other strip indoors. Record vaseline

rain

~ paper with

_protect frog

their pusitions and the number of {sticky side out)

days for which you conduct your
investigation. After 1 -~ 2 weeks compare
the appearance of the two strips with the aid

of a magnifying glass. A A A

Summarise your findings:

ii) Smear another two strips of stiff
paper with Vaseline. Fix the strips to
each side of a piece of wood that is
driven into the ground. Face aone of the
strips towards the prevailing wind.
Record the position of the plank and
the r1ength of time for which you conduct your
investigation. After 1 ~ 2 weeks compare the
two strips with the aid of a2 magnifying glass.
Summarise you findings: (Remember to make a note
of the direction in which the two sides of the wood were
facing.)

put other—M
paper o
this side

vaszling




sagnet in
iii) To collect magnetic particles, plastic bag
place a small magnet in a thin,
plastic bag. Attach e string to the
bag and drag it over the ground. You can
collect material from a number of different

areas eg. next to a road, near an industrial

area. etc. To store the magnetic materials

you have collected use a drinking straw.

Plug one 2nd of the straw and insert a paper
funnel in the other end. Use different straws

for the different areas in which you have
collected magnetic particles. Cuompare the
material you have collected from different

areas. (Remember that not all metals are

magnetic. Only certain metals will be paper
picked up this way.)
Summarise your findings:

Now try to list scurces of particulates in the

atmosphere. .
getallic

particles
collected

plug

Suggest the effects of particulates in the atmosphere.
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Worksheet 2(b) "What is Air Pollution?®

i) What is air pollution?

ii) What are air pollutants?

iii) Complete the table below, listing some of the air
pollutants you are aware of in the area in which vou
live. I+ possible identify the source of the air
pollution and any effects you are aware of. (List only
what you have experienced yourself, not what you may
have only read about.)

Air Pollutant Source Effect

iv) Name an activity that does not cause air pollution.
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v) Discuss the role of science and technology in the problem
of air pollution.

vi) Discuss the role of world population in air pollution.

vii) Is air pollution only a feature of modern day living?
Explain your answer.

viii) Do air pollutants remain in the atmosphere for ever?
Explain your answer.
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Worksheet 2(c) Dan’t Let the 8moke Get in Your Eves!

i) The picture of @ nemical factory at the start of the
century shows smoke Bbillowing from chimnaeys.

Why do vou think the smoke was so clearly depicted?

ii) What is vour attitude to simoke?

iii)

Hu”o) R '
Loo‘c ol tHae
clear S'ud

WE. orye S§D

Pallu.l"icn does nald
affeck aas heve fg/

6’°M *“qr_ uj;—:[

Do you agree with Samson?
Explain your answer.
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iv) Areas of Natal appear to be affected by sulphur dioxide
and nitrogen dioxide although there are no large
industries in the areas concerned. Explain w y you think
this is happening.

v) In the Witwatersrand air pollution is more apparent
during winter. Discuss the reasons for this.

vi) Lpok at the information given in figures A and B,
Interpret these results.

A. The Average Concentration of Sulphur Digxide in the
Atmosphere in Soweto and Two Rural Power Stations
('aalpark and Elandsfontein) during Winter 1984

R ced
Concentration 400 1?§??E;tby
Su lg:x:ur ] the Department
¥ Health
Dioxide 3007Dal
in .
ppb
200 -
/ ?/'
100 / W m— /
0 7. 2 7
Soweto VVaal Elands
Park fontein
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B. Contributions of Different Sources to Sulphur Dioxide
and Nitrogen Digxide Production in Britain in 1984

Dther Sources

Power Stations
(Coal—fired)

Cars and Lorries

Powar Stations
{Coal—Fired)

Sulphur dioxide Nitrogen dioxide
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Worksheet 2(d) "“Steady State"

i) Label the arrows with the names or chemical formulae (if
yvou know them) aof some of the minor and trace components
of the atmosphere that may be produced by natural socurces
shawn in the diagram below.

Anaerobic Bacterie. Natural Respiration Lightning Volcarces
Binlogical in Soil Forest,
Decay Veld Fires

ii) Label the arrows with the names of some of the trace
components in the atmosphere that are produced by human
activities.

&T
L
doo) FToi dhad W

Burnlng Coal—fired Industry Agriculture Farming Transport Construction Heatlng

Rain Forests Power Cooking
Veld Stations

1iii) Comment on the statement:

"I'm confused; most of the trace components in the
atmosphere produced by human activities are also
produced by natural sources. What is air pollution -
can natural sources cause air pollution too?"
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iv) Using the container provided and running water from a
tap (or other larger container), try to maintain the
level of the water at the mark on the container.

Explain what you did.

Under what conditions does the water in the container
rise abocve the mark?

This maintenance of a constant quantity of water in the
container is referred to as a "steady state". A steady state
is an open system in which there 1is an exchange of matter;
matter will enter the system ( the input) and matter can
leave the system (the output). In a steady state, the
exchange of matter will be such that the input will be equal
to the output.

The analysis of air bubbles trapped in the ice in
Antarctica, has led scientists to believe that the
concentration of gases in the atmosphere has remained more
or less constant for approximately 160 000 years — a steady
state.,

I+ the the container represents the atmosphere and the
water represents one of the components in the atmosphere,

suggest what the flow of water into the container might
represent.
What does the flow of water out of the container represent

in terms of the atmosphere?

Try to explain how the composition of the atmosphere
remained constant during the past 160 000 years.
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Scientists are constantly monitoring the concentrations of
the components of the atmosphere. They believe that the
composition of the atmosphere is now changing more rapidly
than it has before.

The concentration of some components in the atmosphere, eg.
CO= -is increasing. Explain this in terms aof a steady state
model.

The concentration of some components in the stratosphere,
eg. pzone, is decreasirg.
Explain this in terms of a steady state model.
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Worksheet 2(e) "Hot News! Read All About Iti"

Read the two newspaper articles,

I "Pumping Out Gag — Putting on the Heat"

The Star newspaper, March 27, 1991
and

"Carbon dioxide output is 1,6 pc”

which appeared in The Star newspaper,

which appeared 1n

11 (on the next page),

April 22nd. 1991.

Then answer the guestions that follow.

1

The higgest contributors
to the carbon-dioxide
load A

Pumping out gas -

putting on the heat

South Africa is
emerging as
possibly the
third largest
contributor to
global levels of
carhon dioxide
gas — the
major
greenhouse
gas — even
though its
industry is
currently in

recession and - -

many power
stations are
mothballed.

°3 an could soon be forced
to come down off the
clouds, -and stop fid-
™ dling about with the at-

mosphere, causing freak global .

weather, especially the unprec-
edented heat- waves experi-
enced in various regions re-
cently.

An international law of the
"atmosphere — which is bound
to affect South Africa — is like-
ly to move a stage further next
month when the United Nations
holds a conference in Rotter-
dam.

The week-long conference —
the Second World Industry Con-
ference on Environmental
Management — is a forerunner
to an even bigger world en-

* vironment conference in Rio de
Janeiro next year.

‘.- South Africa is sending dele-
gates to both. The subject of the
greenhouse effect, a result of
industrial air pollution, will
loom large on the agenda at
Rotterdam,

South Alrica is emerging as
possioly the third largest con-
. tributor to global levels of car-
bon dioxide gas even though
ity industry is currently in re-

2278
20
188

cession and many power sta-
tions are mothballed. -

According to a recent survey
ublished in New Scientist
which did not assess South
Africa) the US is the worst of-
fender — it contributes 22 per-
cent of global carbon dioxide
emissions — Russia is second
with 19 percent and Japan is
third with 4,4 percent .

" World output of carbon diox-

ide is 5700 rnillion tons a year.,
South Africa's present carbon

dioxide output — from rcoal .

burning alone — is 280 million a
year. This is about 5 percent of
the world total, putting South

Africa ahead of Japan, ,~. ...

It is more than-Britain and
France proluce between them
— judging by New Scientist's
figures for those countries. --.

Once the South African econ-

cmy has picked up and Eskom
is going full bore, output- could
reach 400 million tons or more.
On a per capita basis South
Africa produces almost 10 tons
a year — 10 times the.world
average and twice that of the
us. DS B A
. Fear of the consequences of
the greenhouse effect are caus-
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ing industrial nations to look,
~‘once againy towards nuclear
power,

Most atmospheric scientists
now believe the freak global
weather lately - especially the
unprecedented heatwaves in
various regions — is because
man has changed the nature of
the atmosphere.

Jonathan Weiner, author of a
just-published book for the lay-

- man — "The Next 100 Years”
" compares what is happening
to a worst case geological

- event. :

He says the biggest eruption

- in historical times was that of
.Mount Tambora in Java in

".1815. One third of the

3 000 metre high mountains wag
blown to smithereens and thc
dust cloud girdled the Earth
producing “the year without a
summer”, .

Weiner says Tambora put
100 million tons of carbon diox-

" ide into the atmosphere — yet.

annually, South Africa puts 2,5
times that into the sky.

Weiner is pessimistic about
man acting in time to avert
widespread weather chaos,

JAMES CLARKE




Carbpn dioxide
output is 1,6 pc

The article, “Pumping out
gas — putting on the heat”
(The Star, March 27), is mis-
leading, because it has been
based on a confusion between
carbon and carbon dioxide
emissions. .
James Clarke states that
the world output of carbon
dioxide is 5700 million tons a
year, but it is in fact 18300 -
million tons, according to re-
liable sources. (The figure.
quoted by Clarke equates’
closely with carbon emis-
siops.) "o Tt . :
\; Current estimates of indus- -
trial carbon diexide emis-
. sions in South Africa of
295 million tons a year agree
: closely with Clarke's figure. *
. Thus South Africa’s coptri-
bution to giobal carbon diox-.
-ide production is about’
1,6 percent, not 5 percent as
stated by Clarke; this would
position- South Africa at the
bottom of the graph used in
his article. + - -

. According to a New Sc.eu-
tist survey (October 27 1990)

- this would also place South
Africa (although not men-
tioned) on a par with Austra-
lia and below the USA
(22 percent), Japan (4,4 per-

. cent), Germany (3,2 percent),
and Britain (2,8 percent).
The fact that South Africa

is not considered a major in-
dustrial nation also rein-
forces this positioning, as car-

bon dioxide emissicns are an ;

" indication of the level of in-
dustrialisation. .
We trust that this resolves
the confusion between carbon
and carbon dioxide emissions,
and places South Africa’s car-
bon dioxide emission levels in
perspective in terms of the
global situation.
A J Dickson,
Power Station Engineering
Manager, Eskom
Megawatt Park

C 9.

Questions (Write your answers on a separate
sheet of paper.)

1. In article I, explain the use of the title,
"Pumping out gas -~ putting on the heat".
2. Is it a fact that carbon dicxide is causing
changes in the global weather? Explain your
answer.
3. Explain the meanings of the words, global
and levels in the phrase, "global levels
of carbon dioxide'".

4. i) According to article I, what percentage
does South Africa contribute toc the
global release of carbon dioxide into the
atmosphere?

ii) In article I, where does South Africa
rank as a contributor to the global
release of carbon dioxide?

5. 1) According to article 11, what percentage
does South Africa contribute to the
global release of carbon dioxide into
the atmosphere?

ii) In article 11, where does South Africa
rank as a contributor to the global
release of carbon dioxide?

6. The writer of article I1 suggests that an

error was made in article I.
error?

What was this

7. Show the working out of the calculation
trnat arrived at the wrong answer of 54 in
article 1. Then show the working out for
the answer of 1,6% as arrived at in article

II.

8. Why does the writer of article Il suggest
that an output of 1,6% is realistic for
South Africa’s contribution to the global
release of carbon dioxide into the
atmosphere?

If vyou had not read the second article,

what impressions would the first article
have left you with?
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Worksheet 2 (£) A Winter Scene in the Transvaal Highveld.

.. Clearer
blue sky

dark,
- “Smky"

The picture shows a typical scens on a winter’s morning
in the Highveld. Let’s +try and copy or simulate the
conditions in the atmosphere that give rise to the
dispersion of smoke seen in the picture.

Regquirements

2 glass tubes (approximately 500 cm in length) open at both
ends

2 retort stands and clamps

2 crucibles or 2 small open tins

2 pieces of string

Ice or cooler bags from the freezer

2 large beakers or cther containers

4 thermometers and string or cotton to suspend them in tubes
Matches

l.ong piece of black psper

Method

1. Clamp the two glass tubes upright in the large beakers.

2., Pack ice (or the cooler bags) into the beaker around the
base of one of the tubes (A)Y and leave for 15 - 20
minutes.

I+ you place the ice in plastic bags you can easily pack
it and 1ift it out when necessary.

3. Suspend twa thermameters in tube A and two in tube B so
that one registers the temperature near the top of the
tube. The other registers the temperature in the lower
hal+f of each tube.

4, Light a piece of string so that it smoulders and place it
in one of the crucibles. Carefully remove the ice or

page SO




cooler bags from the base of tube A. Lift tube A& j -+
enough to slip the crucible inside the base of tubr
Quickly pack the ice or cooler bags around the base 7
tube A.

S. After a few m:nutes, observe the dispersion of smoke in
tube A. If you hold the piece of black papar behind the
tube, you might see the smoke more clearly. Record the
temperatures registered on the two thermometers in tube
A.

6. Light the second piece of string so that it smoulders.
Place it in the second crucible. Carefully lift tube B
and place the crucible inside the base of tube B.
Observe the dispersion of smoke in tube B.

Record the temperatures on the two thermometers
suspended in tube B.

Diagram of Apparatus

string attacned
10 theraoaeter
retort stang
. a 1
giass ant claap
tuge
therpogeter
4—Eaker containing
ice beaker
crucibie with without 1ce
sgpuidering string
Observatians
Tube Temperature Temperature Dispersion
in upper half in lower half ot Smoke
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Questions

1. In the diagrams below, illustrate the density of the air
in the tubes just before the smoke was introduced. Use
the symbol e for a particle of air.

1ce

A B

2. Explain the dispersion of smoke in tubes A and B.

3. Now try to explain the dispersion of smoke seen in the
picture at the beginning of this worksheet.
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Solutions to Worksheets for Unit 2

Worksheet 2{(2) Particulates (Solid Particles)

This Investigation could be coupled with the study of the
acidity of rain (Unit 7) as an assignment.

Sources of Particulates

Road building; construction of buildings; wind lifting dust
from the dry soil; +From mine dumps; From Iindustry; +rom
power stations; From indooyr Firss; from motor vehicles etc.

Effects of Particulates in the Atmosphere
Reduce visibility.

Reduce sunlight causing lower temperatures.
Cause irritation to eyes, throat, chest.
Make Interiors of buildings dirty.

Make washing dirty.
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Worksheet 2(b)

“"What is Air Pollution?

i) Rir pollution is the release of substances 1nto the
atmosphere, which are harmfu: to life and the
environment (including natural surroundings and man-
made structures, eg. buildings and materials).

Air pollutants are the substances which,
Into the atmosphere, cause damage to life and the
environment.

when released

iiiJ

Alr Pollutant

Source

Effect

Particulates:

Fires

Reduces visibility

Smoke ITnaustrial processes Irritates eyes,
Power stations chest etc.
Dirties interior of
buildings
Dust Agriculture Reduces visibility
Construction Irritates eyes,
Dirt roads chest etc.
Mine dumps Dirties interior of
buildings.
Covers leaves of
plants
CFCs Aerosols Destroys ozone
Fridges
S0 Power stations Damages vegetation,
materials.
Kills fish in lakes.
Lead Car exhausts Causes brain damage
Compounds
Smog Car exhausts Damages materials.
Causes health
problems.
Note: These are examples of some responses. Students may

have many tdeas Ffrom Geography cr the media.
This exercise could be used to find out what the
students know.

iv)

Difficult to name one! Even "living"

and respivring

produces carbon dioxide which could be considered

an air pollutant! However this may be debatable -~
students may argue that carbon dioxide is removed From
the atmosphere during photosynthesis.
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v) Science and technology have contributed to the problem
of air pollution but in response to demands for
improved standards of living.

However science and technology provide the
sophisticated methods whereby the detection of air
pollution and its consequences are possible.
Science and technology will play an increasingly
important role in the search for solutions toc the
problem of air pollution.

vi) The alarming Iincrease in the world’s population
contributes greatly to air polilution. The increased
demand for energy, transport, food and cther
commaodities results in an incrzase in the release of
air pollutants.

The rich contribute eg. by the excessive use of cars
in Los Angeles. The poor also contribute eg. by the
removal of trees (burning of the rain forests) or by
the use of coal-fivres.

vii) Aiv pollution episodes have been recorded in the past,
eg. the fires of smelting works in Seneca in 3 A.D.
blanketed the city with smoke. In the past, large
cities, eg. London, suffered with hazardous smog
eplisodes.

viii) Air pollutants are removed eventually from the
atmosphere. This can be simply bv settling down on
surfaces, eg. dust, particulates. The removal of
pollutants can also take place by precipitation
(or depositing) of aivr pollutants 1n rain, snow,
dew etc.

Chemical reactions involving aivr pollutants and the
biosphere, hydrosphere ard lithosphere also occur and
remove air pollutants,eg. carbon dioxide in photo-
synthesis.



Worksheet 2(c) Daon’t Let the Smoke get in Your Eyes!

i)

ii)

i1ii)

iv)

v)

The smoke was proudly displayed as a symbol of
progress, wealth and industrial development.

Many students will feel that the emission of smoke is
unacceptable.

However In some cultures, and in some, instances,
smoke Is regarded as having ‘'cleansing" or "healing"
properties. (This needs to be discussed.)

Not entirely.

It is true that some air pollution problems are local
and cause problems close to their scource. However
other aivr pollution problems are regqional (eg. acid
rain) or glgbal (eg.oczone depletion) and the effects
oF such pollution are felt far from the source. In
addition, it is not only the visibhle forms gf air
pollution that cause damage.

Some air pollutants are carvied hundreds of kilometres
from thelr source before their effects became
apoarent, eg. S0 and NO... Wind direction and weather
patierns play an important role.

In winter there is little or no vrain to precipitate or
deposit some air pollutants. Temperature inversions
occur freguently on winter mornings. The air is stable
with little turbulence to disperse air pollutants.

vi) Figure A

In winter, domestic coal fires (used for caoking,
heating water and providing additional warmth)
cantribute more sulphur dioxide than large power
stations. The concentration of sulphur dioxide

in Soweto exceeded the recommended limits and so could
have caused health problems.

Figure 8

Sulphur dioxide

In Britain 1in 1984, power stations produced the
largest contributions to sulphur dioxide when comparedc
to industry and other sources. {(In fact industry’'s
contribution was less than half that of the power
station’s.) This is an important observation as the
electricity usrerated by these power stations meets
our energy nez:s with regard to "everyday activities"
such as cooking, heating, lighting and the use o¥f all
electrical agpe:.: 1Ices etc.

Nitirogen dioxide

The contritutions to nitrogen dioxide concentrations
in 1984, in Briitain, by transportation and power
stations were apgr-oximately the same. These two
sources contributed the most to nitrogen dioxide
cancentirations. Cnce again industry’s (and other
sources) contributiocnrns were less than half that of
“"transport" and power stations.
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Workshest 2(d) "Steady State"
Students should be given data from the table at the gnd of
the 1ntroguction to Unit 2, to assist them with this
exercise.
1)
particulates
H23| 352
paiticuistes
Kits Gz, L0 _ Hii,
L Ryerocaroons L6z
LT Hﬂx
tigo
Qﬁaeroyic Bacteria Natural Respiration Lightning Volcanoes
g;ologzcal in Spil Forest,
cay Veld Fires
i1i)
particuiates
gariicuiates o
S0z, L0z, CO, LFls T iead coszounds -
o, WD Hal i;n U, CG, NG, particulates
£b hydrocaroons CHa s CH, nydrozarbons ;gz‘ Lbe. LY
nyorocarocne ? P x
juis]
DQ 9o
“’lm ool Ghdn TR
Burnlng Coal—Fired Industry Agriculturs Farming Transoort Construction Heating
kein rorssts Fowar Cooking
vald tations

i111) All substances that can cause air pollution are also
produced by natural processes (with the exception of
CFCs). Nature can also cause air pollution 1 this
release of substances exceeds the atmosphere’s
capacity to remove these substances or render them
harmless.

D




iv}) Students must be provided with a container {(eg. a
plastic bottle) with a hole cut in its base. A mark
should be drawn with a waterproo¥ pen on the bottle to
show the required level.

zark

hole sy

Ta maintain the level of water at the mark on the
container, water was run into the container so that,

Rate of water running in = Rate of water running ocut
The water rises above the mark when,
Rate of water running in;:> Rate of water running ocut

Flow of water into == Rate of release of
container gases into atmosphere

Flow of water out of === FRate of removal of gases
container Fram atmosphere

The composition of the atmosphere remained constant over
this period because the rate of release of substances into
the atmosphere was equal to the rate at which these
substances were removed from the atmosphere.

Ie. a steady state sxisted.

Note: Steady state Is nogt the same as
chemical eguilibrium. Chemical equilibrium refers to
a closed system; steady state refers to an gpen
system.

Increase in Concentration of Carbon diogxide

At present the rate at which carbon dioxide is being
released into the atmasphere 1is greater than the rate ac
which carbon dioxide is being removed From the atmosphere.

Decrease in the Concentration of Ozone in the Stratosphere
The rate at which ozone 1s being formed (“relessed') ia the
stratosphere 1is less than the rate at which ozone 1s being
destroyed (“removed') from the stratosphers.




Worksheet Z(e) "“"Hot News! Read All Abaout It!"

l.

~
s

The title of article I, indicates that a gas is being
released into the atmosphere, which is contributing to
an "enhanced greenhouss effect" or global warming. This
gas is carbon dioxide.

It is not yet certain (ie. it is ngt a fact) what the
consequences of the Iincreased carbon dioxide
concentration in the atmosphere will be. The passage,
"Most atmospheric scientists now believe..."etc.
indicates that global warming is not a certainty.

"Global® means "world-wide", or invalving the entire

planet Earth.
“lLevels! means “"the concentration of carbon dicgxide in

the atmosphere".

i) 5% ii} S.A. ranks 3rd in the world
{above Japan)

i) 1,8% ii) Below Britain (8.A. ranks the same as
Australia - not shown on the graph)

The error made by the writer of article I was that he
stated that the world ocutput (relsase) of carbon dicxide
is 5700 million tons annually. It should be 18300 million
tons annually. (Writer of article I Incorrectly used
total carbagn release into the atmosphere Instead of the
total carbon digxide release.)

Article I Calculation (Ervror)

AC0» contributed by S.A. annually = 280 x 100 = 4,9%

5700

Article 11 Calculation (Correction?

AC0= contributed by S8.A. annually = *295 x 100 = 1,6%
18300

(+ 295 million taons is quated :1n article Il as being
G.A.’s annual release of COxr. This 1s slightly
different from the First article but it is not the
main error.)

Writer of article Il says 1,64 is a more realistic figure
as S.A. 1s not considered a major industrial nation like
Japan or the U.8.A.

The impression would have been gained that 5.A4.°s
contribution to global carbon dioxide concentrations 1Is
one of the worst in the world. This impression would have

.been incaorrect, being based on erronegus data.




Worksheet 2(Ff) A Winter Scene in the Transvaal Highveld.

Observations
Tube Temperature Temperature Dispersion
in upper hal+ in lower half of Smcke
A Approx. room 2 ogr 3° lowevr| Smoke accumu-—
temperature than room lates towards
temperature bottom of tube
B Approx. room, Approx. room Smoke evenly
temperature temperature dispersed in tube
and leaves From the
top of the tube
Answers to Guestions
1.
. rooz ‘1 rooe .
. tazperature (N tepperature
. o * density the
. density the ) sase as
. sane as - surrounding
\re toe ~  SUrreunging Y I sir
\\\;Eﬁ,.: jf 3ir
N AR ' rooe
-plder than roog J A: - f 22 aore dence . t" peratare
tagperature 01 I 2R ar &
B IR e R .

A

2. The air In A 15 stable because the arrangement of
particles with the denser air lower down Iin the tube is
1n agreement with the principle of gravitational force.

Therefore the air does not move throughout the tube

(stabl Thus the smoke particles are not

e gir’.

dispersed throughout the tube but remain close to where

they a
In B,

unstable tropospheric air.
movement of air

re formed.

smoke 1s released into
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3.

Normally the temperature of the air decreases with
eltitude (see Unit 1). This leads to the instability or
turbulence of air, characteristic of the troposphere.
Therefore visible pollution in the atmosphers should be
quickly and evenly dispersed in the tropospheie.

However, during winter in the Highveld, the normal
temperature trend becomes reversed in the early morning.
Colder, more dense air is found nearer the surface of the
Earth. Aivr is stable with Iittle or no turbulence.

Smoke (visible pollution) becomes " trapped' (ie. remains
close to where it is formed) in this stable region of the
atmosphere and is not dispersed.

norzal trend

Rltitude

reversed trend,
“temperature inversion®

Temperature -—%




UNIT 3

Combustion
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Introduction to Unit 3

fAs the world population increases and as living
standards rise, the demand for energy increases. As energy
availability grows to meet this demand so, too, do the
problems of air pollution.

Burning or combusticon is a reaction during which the
reactive element, oxygen, reacts with anaother substance
forming various oxides. Energy is released. The availability
of oxygen in the atmasphere and renswable fuels such as wood
and the Tfossil fuels (coal., oil and nmnatural gas) at or near
the Earth’s surface, has resulted in these fuels being burnt
on a large scale. In fact approximately 90% of the energy
used in the world comes from the combustion of these fuels -
the remainder is derived Ffrom hyvdro-electric sources or
nuclear sources.

Coal

Yhe combustion gf cocal contributes approximately 304 of
our energy needs. Coal, the solid black ar dark brown
substarice faound in many places in layers in the earth, is a
complex mixture of many substances. It is the fossilised
remains of fourests that grew 250 million years ago. Materials
such as stone, sand and other inorganic substances,  were
included as the buried vegetation hardened. Because it is
the remains of living systems, coal is composed of, among
others, carbon, hydrogen, nitrogen, sulphur and oxygen. A
diagram, showing the partial and complex structure of a
certain tvpe of coal, is shown at the end of this
introduction.

When <coal burns many complex reactions take place. A
summary of these reactions follows. In the equations. the
symEols far the different elements (C.H,N,S5,) present in the
caoal are used. The atoms of these elements form part of the
very complex molecules that make up coal. These atoms do not
occur free (unbonded) as the equations suggest.

a) I+ oxygen is plentiful, the complete combustian af
carbon occurs and carbon dioxide is formed.

C(in coal) + 0z —>C0=

Carbon dioxide is a colourless, odourless, tasteless
gas. The concentration of carbon dioxide has
increased vapidly since the Industrial Revolution.
This may lead to an enhanced greenhouse effect
causing greater global warming.
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b2

d)

e)

I+ oxygen is in short supply, incomplete combustion
of carbon occurs and cevbrn monoxide is formed.

2C(in coal) + O= 20

Carbon monoxide is a colour + ., ocdourless, tasteless
gas. If inhaled it passes directly into the blood
stream wher= it reduces the abililtly of the red blood
cells to carry oxygen to the tissues of the body. It
can cause headaches and drowsiness. At concentratians
of 1000 ppm or more death can result.

Carbon monoxide is not known to have any effects on
vegetation, visibility or materials.

Hydrogen in the coal combines with oxygen in the air
to form water.

4Htin coal) + Do —>4H<0

At bigh temperatures nitrogen from the coal reacts
with oxygen to form nitrogen monoxide.

2N(in coal) + Oz —— 2ZN0O

In addition at high tamperatures, nitrogen and oxygen
in_the air can react to form nitrogen monoxide.

N + Oz —> 2NO

The nitrogen monoxide can react further with oxygen
to produce nitrogen dioxide, NO=. ND and NOz are
collectively given the formula NOx in saome
discussions of air pollution.

Both nitrogen oxides are toxic if their
concentration is sufficiently high. {NDO= is four
times more toxic than NO). Nitrogen oxides cause
dyes to fade and fabrics to deteriorate.

Nitrogen oxides may undevrgo a number of photochemical
reactions in the atmosphere. Visibility can be
reduced by the preducts ( secondary pollutants) of
such reactions.

The sulphur in the coal reacts with oxygen in the air
to produce sulphur dioxide.

S8(in coal) + 0 —>S0=

Sulphur dioxide can react with oxygen and moisture
in the air to form secondary pollutants which mark
the leaves of plants, damage buildings and corrode
metals. At high concentrations sulphur dioxide can
irritate or damage lung tissue.




in addition particulates are emitted during the
combustion process. This gives rise to the visible forms of
air polluticn, smoke and haze. This smoke consists of soot
and fly—ash. The mineral impurities in the +fuel are
incombustible and form ash. Part of this ash is very finely
powderad and is carried out of the zhimney stacks with
gaseous products of combustion (carbon dioxide, carbon
monoxide, water vapour, nitrogen oxides and sulphur dioxide)
and becomes airborne. It is termed “fly-ash’. The formation
ard release of these particulates as well as the gases
carbon dioxide, carbon monoxide, nitric oxide, nitrogen
dicxide and sulphur dioxide, are all partly responsible for
the air pollution problems associated with the combustion of
coal.

South Africa is a land rich in coal. In our local
market almost half of the coal sold is used for generating
electricity; power stations burn vast amounts of coal to make
high pressure steam which drives the turbines which generate
electricity. The diagram below shows the compositian of the
local coal market.

South African Local Coal Usage, 1987

Electricity Industry including
Generation SAS0L
(32%> (37%)
Metallurgical
Industry eg ISCOR Other Small Trade
(&%) eg domestic

(3%

Because of our large coal reserves and to avpid a total
dependence on imported o0il, SASOL plants werz developed to
produce petrol and diesel Ffuels from coal. The coal is
converted to synthetic crude oil in two stages:

1. The crushed coal, in the presence of steam and
oxygen, is gasified at temperatures of more than
1 100”C and converted into anm initial impure
mixture of gases called '"raw gas".
The waste is ash which is removed to ash dumps.

2. The raw gas is then cooled and purified. The
gaseous mixt're, carbon monoxide and hydrogen,
is passed through a second stage reactor where the
crude 0il is produced.
Substances removed during the purification process
include carbon dioxide, ammonia, methane and sulphur
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compounds such hydrogen sulphide. Some of these
substances are used in further synthesis, eg ammonia
is used in the synthesis of fertilisers.

Summary of SAS0OL Process
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In many ways the emissions from the S8SAS0OL process
resemble those From the combustion of coal. These include:

i) Particulates produced during the grinding and
pulverising of coal before gasification.
Volatile hydrocarbons (substances whose molecules
cantain only hydrogen and carbon atoms) are released
from the coal during the gasification.

ii) Carbon monoxide, carbon dioxide, and
the nitrogen oxides produced during the
purification and processing aof the raw gas.
Hydrocgen sulphide is produced (and not sulphur
dioxide as when coal is burned). The sulphur is
recovered from the hydrogen sulphide and used in the
manufacture of other chemicals.

Natural Crude 0il

Natural crude oil is found 1in underground deposits in
many regions of the world and was probably formed about 300
million years ago. 0il is thought +to be the vremains of
marine l1ife which over time, through the action of heat,
pressure and movements in  the earth yielded a thick, dark,
foul—-smelling liquid, oil. Being the remains of 1living
systems, oil is also a complex mixture of compounds
containing mainly carbon, hydraogen, sulphur and nitrogen.
Impurities similar to those in coal are also present.

Petirol and diesel fuels, made Ffrom the synthetic crude
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oil produced by SA80L or natural crude o0il, are complex
mixtures of different hydrocarbons. In the combustion
engines of vehicles these hydrocarbons are mixed with air
and burned. The energy released does the work of moving the
pistons in the engine and turning the heels of the vehicle.
Exhaust gases very similar to those produced by the
combustion of coal, are produced. I+ the petrol burns well,
carbon diaxide and water vapour are produced. But engines do
not burn the fuel 100% efficiently and so produce carbon
monoxide as we’'. Some of the sulphur in the petrol is
removed during the processing of the crude o0il but some
sulphur compounds still remain. Sulphur dioxide will be
produced when the fuel is combusted. So much petrol is burnt
mwadays +that even with the removal of some of the sulphur,
the mass of sulphur dioxide produced 1is many billions of kg
per year.

The sparkplugs of a petrol-driven engine produce
temperatures sufficiently high to cause nitrogen and oxygen
(in the air) to combine tae Form nitrogen dioxide. It is an

irritant and a toxic substance. It dissoclves in water and may
contribute to the problem of acid rain (see Unit 7). Nitrogen
dioxide can be dangerous 1in sunny countries as it is
involved in the formation of photochemical smog (a subject to
be studied later in Unit 5).

Mast petrols contain additives to make them burn more
efficiently. An example is the lead compound, tetraethyl
lead or TEL. High octane petrol has in the past contained as
much as lcm™ of tetraethyl lead per litre of fuel. During the
combustion of such a petrol, a3 white powder, lead oxide, 1is
deposited on the sparkplugs of the car stopping them from
working. Ethyl bromide is added with the tetraethyl lead to
prevent this happening. 0On burning such a fuel, tetraethyl
lead is converted to gaseocus lead bromide. This is released
into the atmosphere with the other exhaust gases. Lead
compounds are dangerous and can cause permanent brain damage.
especially in small children whose brains are still
develaping. The lead caompound concentration of petrol is
being reduced because of this.

Hydrocavbons and particulates are also emitted from the
exhausts of motor vehicles.

Natural Gas

Natural gas is often found above o©il deposits but it is
also found in some places in the Ea. th where there is no oil.
Natural gas consists of approximately 75% methane (CH4), 13%
ethane (CaHad, 5% propane (CxHea) and 3% more caomplex
hydrocarbons. It is the cleanest fuel that can be burned. It
does not giv: rise to the pollution problems associated with
sulphur dioxide and fly-ash experienced when burning coal.
Natural gas has been found in off-share deposits for instance
near Mossel Bay.
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Combuexion of natural gas also produces 1less carbon
dioxide per unit of energy than coal or oil when burned.

Number of Moles CQO=

Fusl Formed per MJ of Enerqgy Produced
Coal 2,94
0il 1,46

Natural Gas 1,12

A change to using natural gas in power stations is
occurring in some parts of the world. Natural gas is also
used in some homes for cooking and heating.

Wood

When wood is burned on a large scale (as with the
destruction of the rain +Forests), it also causes air
pollution problems: carbon dioxide, carbon monoxide and

particulates are emitted.

The table at the end of this introduction may help to
summarise the types of air pollutants (and their effects)
formed as a result of the combustion of coal, oil, wood and
natural gas. We shall study many of their effects in later
units.

So who is to blame for this air pollution? The blame is
often levelled at industry, oil companies and factories. It
is true that thevy do contribute to these air pollutants. But
we have to ask ourselves the guestions:

Who drives the cars?

Who uses the buses, trains, aeroplanes?

Who burns cocal to keep warm?

Who cuts wood and burns it to keep warm?

Who uses the electricity to heat, cook, provide light,
heat water?

Who works in the factories?

When we attempt to answer these gquestions we see how deeply
we all are involved in these problems of air pollution.
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Summary of Air Pollutants formed as a Result of Combustion

Pollutant

Carbon dioxide

Carbon monoxide

Sulphur dioxide

Nitrogen oxides

¥Hydrooaroon:s

Lead compounds

Particulates

Major Source

Burning of coal,
oil, wood, gas

Incomplete
combustian af
coal, wood, oil,
gas

Fuels which contain
sulphur eg coal and
oil

High temperature
combustion eg in
power stations,
car engines

Combustion of wood,
coal and oil.

Petrol to which
lead compounds have
been added

Combustion of
wood, coal and oil

Effects

Could contribute
to global
warming

Drowsiness,
nausea, death if
too much is
inhaled

Forms acid vrain
which affects
soil,kills
plants and fish.
Corrodes metals,
brick,plastic,
rubbeyr

Formg acid rain
and involved in
the formation of
smog

Involved in smog
formation. Can
cause cancer

Destroys nerve
tissue

Scatter and
absorb sunlight
causing
temperature to
drop, reduce
visibility

¥ Volatile hydrocarbons eg. methane, are released from wood,
coal and oil at the high temperatures produced during
combustion. Volatile hydrocarbons also escape from car
exhausts because of incomplete combustion in the motor

engines.
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A diagram Showing Part of the Proposed Molecular Structure
of Coal

This diagram indicates the complexity of the molecular
structure of coal. It also shows the presence of carbon,
hydrogen, axygen, nitrogen and sulphur in coal.




Learning Objectives for Unit 3

On completing this unit students should be able to:

Describe combustion as a reaction during which oxygen
reacts with other substances forming oxides.

Explain that energy becomes available as a reszsult of
combustion,

Describe briefly the formation and nature of coal.
Name and give the formulae of the gaseous poallutants
produced when coal is burnt.

Describe the origin of the fly—ash that results from
burning coal.

Explain briefly the process used by SAS0OL whereby
petrol and diesel oil is produced from coal.

Name and give the formulae (where applicable) of some
of the air pollutants from the 8AS0L process.
Describe briefly the origin and nature of natural crude
oil.

Name and give the formulae (where applicable) of the
pollutants produced by burning petrol and diesel fuel.
Explain the addition of lead compounds to improve the
efficiency of burning petrol and the emission of lead
compounds from the exhausts of cars.

Describe the effects of the following pollutants:
particulates, carbon dioxide, carbon monoxide, nitrogen
monoxide, nitrogen dioxide, sulphur dioxide,
hydrocarbons, lead compounds.
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Worksheet 3{(a) Combustion
This worksheet could be used for small group discussions.

1. Discuss the emissions (a) and (b) From the coal—-fired
power station shown in the diagram.
Make a list of the air pollutants produced by thes power

station. Describe the effects of these air pollutants.

VR ‘v'( AV, 1“‘ K

2. Comment on this scene.

To Air Pollution
Protest March




3. An indoor fire can be dangerous because of some of the air
pollutants farmed. Discuss the dangers and possible
measures that should be taken when using such a fire.

4. Make a list of the activities of members of your group
since you woke up this morning. that involve the energy
provided by combustion.
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worrsheet (o) "Bulf war”
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Worksheet 3(c) Burning Coal

Let’s try to detect some of the air pallutants produced when
we burn coal.

Reguirements

an empty tin with a push~on lid eg. a syrup tin

a bell jar or other similar container

a Bunsen burner

a pair of tin snips

a U-tube

two rubber corks {(one must fit into the top of the belljar,
the other fits into a hole in the lid of the tin.)

two one—-holed rubber bungs to fit the U-tube

some litmus paper and lead acetate paper

some glass wool

some coal

a pump attached to the water taps (or a vacuum cleaner to
draw air through the apparatus)

a small beaker containing some lime water

a small beaker containing some potassium permanganate
splution

Method:

1. Punch several holes in the bottom of the tin using a
large nail.

2. Using the tin snips cut a flap in one side of the tin.

3. Make a hole in the l1id large enough tao fit one of the
bungs. (The tin looks like a fireplace.)

4. Bet up the rest of the apparatus as shown in the diagram.

Apparatus for Detecting the Products formed when Coal is
Burned
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You will have to draw the air through the U-tube and into
the bell jar. The pump at the water taps may be used.

If this is not available, hold the end of the cleaning
pipe of a vacuum cleaner near the outlet pipe from the
belljar. (As shown 1n the diagrzm)

6. Complete the table of observations that follows.

Observations

Change Explanation

Contents of Tin

Glass Wool

Litmus Paper

Lead acetate paper

L.ime water

Potassium permanganate
solution

Discussion:

During this activity you observed or detected the presence a+f
some o+ the air pollutants produced when we burn coal.
Comment on the consequences of these products being released
into the atmosphere.
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Worksheet 3(d) Sparkplugs

In this exercise we will study the changes that occur in the
air surrounding a sparkplug of a motor car, while it
functions.

Reguirements

1 spark plug

two lengths of insulated copper wire

small bottle, 250cm ™™, with & bakelite top (or s smail spice
bottle and its 1lid and a little Prestik)

an induction coil (free standing ov car induction coil)

damp litmus paper

Methad
1. Place a piece of damp blue litmus paper and a piece of
damp red litmus paper in the small jar (or spice bottle).

2. Make a small circular hole in the bakelite top of the
jar, so that the plug can be screwed into it.

2. Screw the bakelite top and rplug back onto the jar.

X (If you are using & small spice jar, cut a hole ir the

plastic lid and insert the plug. Use the Prestik to seal
any spaces around the plug where it fits the hole in the
lid.?

3. Attach the plug to the induction coil using the wires and
switech on.

4. A tiny spark will jump across the gap in the sparking
plug.

3. Continue to spark for about 3 minutes.

6. Record any changes you observe in the contents of the jar
and in the colour of the damp litmus paper.

(Note:

The high tension lead of the car can also be used.

Attach this lead to the plug in the jar. An earth wire from
the body of the car to the side of the plug is also
reguired.)

yi filgh tension lead

Diagram of Bottle to inguction coil

sparkpliug

Barth sire

nakellte sorey g j ¢
o1y spark juaps thie gap

Canc red ane biuse

; 2i3ss bottle
tiisus ~
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Diagram Showinquow to Use the Induction Coil of the Motor

igh tension lead removee
iz sparkplug

sarth wire clipped fo
bogy of car

cottle with
sparkplug

Dbservations

Changes in contents of jar Changes in Litmus Paper

Explanations
i) Explain the changes you have abserved in the jar.
(Include any relevant equations in your answer.)
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ii)

What may be the consequences for the atmosphere,
phenomenon observed in this investigation.
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Worksheet 3(e) TAXI!

J

Questions
Please use a separate sheet of paper for your answers.

1. What provides the energy to make the engine of the taxi
wark and turn the wheels?

2. i) Draw three columns and head them:
SUBSTANCE ORIGIN EFFECT

ii) Under the column "SUBSTANCE" list the names of the
substances released into the atmosphere fruoum the
exhaust pipe of the taxi.

iii) Under the column "ORIGIN" describe how these
substances are formed in the engine of the taxi.

iv) Under the column "EFFECT" describe the effects of each
substance when it is released into the atmosphere.

3. In guestion 2 you described some of the air pollution
problems arising from the use of the taxi. Now write a
few sentences describing the benefits of the use of
this form of traensport with regard to the problem of air
pollution.
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Solutions to Worksheets for Unit I

Worksheet 3(a) Combustion

1. (a) Steam (water vapour) From the cooling towers
Therefore not aiv pollutants.
() Products of combustion of coal released from chimney

stacks:

carbon dioxide - possible enhanced greenhouse effect
carbon monoxide - toxic to humans

sulphur dioxide - ‘Yacid rain”

sulphur trioxide — “acid rain"

nitrogen oxides - “"acid rain" and smog

hydrocarbons — smog

- carcinogenic

particulates — reduce visibility
- cause lrritation to eves, chest
- makes surfaces, materials dirty

2. Driver is possibly averlaoking the contribution of motor
vehicles to air pollution. Released from the exhaust pipe
are the following air pollutants:
nitrogen monoxide, nitrogen dicxide — contributes to "acid

: rain” and smog

lead compounds -~ poisonous, cause damage to nervous system
hydrocarbons - carcinogenic and give rise to smog

carbon dioxide - possible enhanced greenhouse effect
carbon monoxide - taoxic apd contributes to smog

3. If there is no ventilation, carbon monoxide forms and
accumulates. This compound reacts with haemoglobin 1n the

blood, preventing the haemoglobin from transporting oxygen
to the cells of the body. Headaches and drowsiness result.

IFf the concentration of carbon monoxide is sufficiently
high, death results.
WINDOWS SHOULLD BE LEFT OPEN.

4. Fpr example

Switching on light Energy provided by the combustion
Switching on radia/TV of coal at coal-fired power
* Washing in warm water station
¥ Cooking food ¥ These may also be provided by
the combustion of
coal /gas/parafFfFin
Travelling to school - Energy provided by combustion of
petral
Gitting in heated - Energy provided by the
classyroom combustion of cosal at power
station or 1n heating system of
school
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4.

(continued)
Using computers,
averhead projectors

Eating food

Energy provided by the combustion
of coal at power station

transport of food reguires

energy provided by the combustion
of coal

processing of food often requirss
energy provided by coal-—-fired
power stations




Worksheet 3(b) "Gulf war"

Suggested outline for newspaper article, "Gulf War"
Article should mention:

Combustion of oil produces:

Particulates

Blot out the sun, reduce visibility

Reduce the temperature

Cause irritation of lungs, eyes
Make survroundings dirty

Hydrocarbons

Are carcinogenic

Are involved in reaction producing photochemical smog which
gives rise to health problems and damages materials eg rubber
tyres

Carbon dioxide
Contributss to the possibility of an enhanced greenhouse
effect and probable global warming

Carbon monoxide
Toxic, causes headaches, drowsingss and death (if
concentration is sufficiently high)

Sulphur dicoxide

Reacts with materials eg cement, paint
Damages vegetation

Causes health problems eg chest ailments
Contributes to the problem of "acid rain”

Nitrogen oxides

Involved in the production of photochemicai smog (in
reaction with hydrocarbons and carbon monoxide 1n  the
presence of sunlight)

Contributes to the problem of "acid rain"

Can damage vegetation

Causes respiratory problems




Worksheet 3{(c) Burning Coal

Observations

Change Explanation
The inorganic compounds
Contents of tin Ash forms in coal eg sand, stone,
which have not been
combusted
Glass Wool Soct, pieces fFormed during the
of ash, tar, combustion of the coal.
blacken the They are some of the
wool particulates normally

released.

Litmus Paper Blue piece Some acidic gases
turns red. are produced.
Red piece eg 80z, S0=x, NO.., H=S
remains red.
Lead acetate May turn black H»S8 produced during
Paper combustion of coal
Lime water Turns milky CO0~ produced during

combustion

Potassium Purple 50- produced reacts
permanganate colour becomes with KMnO. decolout—
solution paler ising solution

Discussion

Particulates (ash, soot): Can become airborne. Reduce
vigsibilty, dirty surfaces,
irritate eyes, chest.

Acidic gases (80», S0=x, : Contribute to "acid rain"

H=8, NO.) problems

H=58 1is toxic

Carbon dioxide : Contributes to possible
enhanced greenhouse effect.




Worksheet 3(d) Sparkplugs

Observations

Changes in contents of Jjar Changes in Litmus Paper
Brown gas produced close Blue litmus turns red
to region of sparking Red litmus remains red
Explanations

i) High temperatures reached during sparking causes the
nitrogen in the air to react with the oxygen.

ii) a.

b.

Ne + Oz —— 2NO
2NO + Oz —» Z2N0O- (brown gas)

NO and NOz (colliectivelyv termed NO.) contyribute

to the problem of “acid rain".

NO= decomposes In the sunlight (a photochemical
reaction) and reacts with other gases released from
the car exhaust (eg hydrocarbons, carbon monoxide) to
form photochemical smog.

This is a problem Iin cities such as Los Angeles,
Tokya, Johannesburg and Cape Town.

The photochemical smog contains substances which are
harmful to life and damage materials.
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Worksheet I{(e) TAXI/!

1. The combustiocn of petrol provides the ensrgy to make the
engine work and turn the wheels. '

2.__SUBSTANCE

ORIGIN

EFFECT

carbon dioxide

carbon monoxide

sulphur dioxide

nitrogen
dioxide

lead compourids

Complete combustion
hydrocarbons in
petrol

Incomplete
combustion of
hydrocarbons
in petrol

A very small
percentage of
sulphur is present
in petrol. Sulphur
reacts with oxygen
during the combust-
ion af petrol.

A very small
percentage of
nitrogen is present
In petrol. The
nitrogen reacts
with oxygen during
the combustion
of petrol.

Alsa temperatures
in the engine are
high enough to
cause nitrogen in
the air to combine
with oxyvgen.

Are added to petrol
to make It burn
better. During
combustion these
lead compounds are
converted to

di fferent iead
compounds.

page 1

Causes an Increase
in the concentration
of carbon dioxide in
the atmosphere. This
may lead to an
enhanced gireenhouse
effect.

Causes drowsiness,
headaches. Death

can result 1+
concentration is too
large. Is one of the
substances forming
photochemical smog.

Causes “acid rain"
which damages
materials eg cement,
metal. Also damages
vegetation and causes
health problems eg
chest ailments.

Causes "acid rain"
which damages
vegetation and
materials.

Also one of the
substances forming
photochemical smog.

Can cause health
problems by gdamaging
the nervous system.




2. (continued)

SUBSTANCE ORIGIN EFFECT

hydirocarbons Some hydrocarbons Combine with carbon
in the petrol monoxide and nitrogen
are not combusted to form smog.

Jue to the ineffic—
Iency of the =ngine.
These hvdrocarbons
are volatile and are
released from the

exhaust.

water Hydrogen present Naot involved in
In compounds in air pollution
petrol. reacts problems.

with oxygen
during the
combustion of the
petrol.

3. The taxi contributes to the problems of air pollution
because of the air pollutants released +From the exhaust.
However, the taxi transports several people at the same
time. This reguces the number of motor vehicles on the
road. It is the large numbeyr of motor vehicles (often
with one or two people insidel) that contributes
significantly to the problems of aivr pollution.




UNIT 4

The Depletion of
Ozone
in the
Stratosphere
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Introduction to Unit 4

The ¢colar radiation that reaches the Earth’s atmosphere
includes ultraviolet radiation of wavelengths that are
harmful to life on Earth. For example ultraviolet radiation
with a wavelength < 200 nm, has sufficient energy to break
some of the bonds in the molecules of nucleic acids, RNA and

DNA, which are essential to 1life. Exposure to ultravioclet
radiation with a wavelangth 280 - 320 nm, can result in
cancer.

The Absorbing Action of the Atmosphere

The atmosphere acts as an absorber of some solar
radiation, so +that most of the harmful radiation does not
penetrate the troposphere. The diagram below shows the extent
te which solar radiation of different wavelengths penetrates
the atmospherea.

Penetration of Solar Radiation into the Atmosphere

incoming solar radiation
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The absorption of some solar radiation is due to some of
the components of the atmosphere. The absorption of the
radiation initiates chemical reactions termed photochemical
reactions.

Looking at the diagram, we see that in the thermosphere
(ionosphere) high energy ultravioclet radiation with
wavelengths less than 100 nm is absorbed. It is this
absorption of energy by the molecules that ionises them in
the ionosphere resulting in species such as Qz*, 0" and NO™*.
The high temperatures in the ionosphere (reaching a maximum
of 1200°C) are the result of the distribution of some of
this energy by collisions bstween the molecules.

Oxygen, a major component of the atmosphere, is one of
the gases that absortbis high energy radiation with a
wavelength < 230nm.

UV, A< 103 nm
eg. O y Da™ + e” (i)

uv, A< 230 nm

and O -5 20 (ii)
{(You may remember that in Unit 1: The Atmosphere, it was
mentioned that oxygen atams are a major component of the

atmosphere 120-1000 km above the Earth’s surface.)

The oxygen atoms, generated as shown in (ii), can
collide with molecules of oxygen to produce czone mc ecules,
O

] + Op + M —o 5 O + ™M (iii)
A third molecule, M, which is usually Nz or Oz because they
are plentiful, assists with the distribution of energy

resulting from bond formation in reaction (iii).

Dzone is the only substance in the atmosphere capable
of absorbing solar ultraviolet radiation with a wavelength
longer than approximately 230 nm. Ozone absorbs particularly
strongly radiation of wavelength 220 - 330nm. If most of
this radiation were not absorbed, it would cause severe
damage tp life c1 Earth. (However some ultraviolet radiation
is necessary to ensure healthy bone development.)

UV, N 220-330 nm

O > C + On (1v)
0 + O ———> 20 (v)
The absorption of the ultraviolet radiation by ozone

molecules leads to theivr destructian.
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In our study of the atmosphere in Unit 1, we noted that
the temperature increased steadily from an altitude of

approximately 17 - 350 km in the atmosphere. We can now see
that in ’'ve stratosphere, energy is absorbed by the oczone
from the solar ultraviolet vradiation. The subsequent

decomposition of ozone and tormation of oxygen is exothermic.
Hence the temperature increase in this region.

As the diagram on page 94 shows, it is the
photochemical reactions involving species such as oxygen and
ozone molecules that result in high energy ultravioclet
radiation being absorbed. Hence the solar radiation tha.
penetrates the troposphere is mostly of wavelengths > 330nm.
In fact most of this radiation is visible 1light with

wavelengths 400 -—700 nm.

(In wunit 6, dealing with the "greenhouse effect", we
will see that ozone also absorbs some radiation with
wavelengths > 700 nm. This is infrared radiation.)

Properties and Structure of Uzone

Pure, gaseous ozone is blue and has an odour rather
like that of garlic - hence the name "ozone" from the Greek,
ozo, 1 smell. However in low concentrations, for example when
mixed with other gases in the atmosphere, it appears
colourless. (It is nut ozone that gives the sky 1its blue
colour! The blue colour 1is due to scattering of some

blue—-violet light as 1t passes through the atmosphere.)

A molecule of ozone has an angular shape:

128 pm 2 128 pm

It is not possible to write a unique Lewis structure for
the ozone molecule so the molecule 1is represented as a
resanance hybrid of two contributing forms:

0/0\0" é—__?_o/o\o = D/D\o

Resonance Hybrid

I

The bonds 1in the molecule are of equal length ( 128 pm)
which is intermediate between a typical -0 single bond
(148 pm) and 0=0 double bond (120 pm). The ability of the

czone molecule to absorb certain energies of solar radiation
is closely related to the nature of +the bonds in the ozone
nolecule.
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The Distribution of Ozone in the Atmosphere

The formation of ozone occurs maost commonly in  the
stratosphere where the concentration of oxygen molecules is
still relatively high. The highest concentrations of ozane
(approximately 10 ppm) occur 20 - 50 km above the Earth’s
surface. This is the so—called "ozone layer'". This phrase is
misleading as it implies a well-defined region where the
ozane cancentration is very high. In fact in this region of
the atmosphere there is a mixture of gases of which ozone is

still a trace componernt! (If all the atmospheric ozone were
concentrated intoc a shell of pure gaseous ozone at
atmospheric pressure, it would measure about 3 mm in

thickness. That’s about the thickness of the cover of a
hardcavered book!) In the stratosphere, the ozone is produced
mostly over the tropics because the intensity of ultraviolet
radiation penetrating the atmosphere is greatest there. The
pzone is carried towards the poles by the horizontal air
circulation which is a feature of the stratosphere. Thus
although less ozone 1is generated in polar regions, the
concentration actually increases towards the poles.
Fluctuations in the ozone concentration occur with the
seasons and between day and night because of the fluctuations
in the intensity of the ultraviolet radiastion reaching the
stratosphere.

Variation of Ozone Cconcentration with Altitude

507 ‘\\\\\\

50+

Altitude
/km 301

~
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Increasing Ozone Concentration

In the troposphere, the ozone concentration is lower,

(approximately 0,04 ppm). Some ozone in the troposphere
arises from a slow downward exchange between the stratosphere
and troposphere across the tropopause. 1t also arises from

reactions involving hydrocarbons emitted from vegetation and
motor vehicles. The ozone concentration in the troposphere is
currently increasing as a vrvesult of the exhaust gases
produced by vehicles. We shall study this later :n Unit S5
when dealing with smog.



In our study of present day concern about ozone
depletion we shall focus on the ozone in the stratosphere. It
may be helpful to summarise the reactians taking place in the
stratosphere that result in the farmation of ozone and its
destruction when 1t absorbs ultraviolet radiation, The
reactians (ii), (iii}), (iv) and (v) were all given earlier.

Production and Destruction of Ozone in the

Stratosphere

A 220-330 nm

Stratosphere

Destructiaon

production

03——-90 + Q=
D_.:_._)ZG
a g + 03—)202
g + Oz —> U=

Traposphere

(Not drawn to scale)

There 1is another way in which ozone is destroyed. A reactive
species (X) can react with ozone molecules to produce oxygen
molecules ;

O~ + X ————3X0 + Q0= {vi)
X0 + 0————0= + X {(vii)
O~ + 0——>20= Overall Reaction

X could be hydrogen atoms (H), or hydroxyl radicals( OH),
nitrogen oxides (NO«}) or chlorine atoms (Cl). For millions of
years reactions involving all these species and the ozone
in the stratosphere maintained a steady state, On average the
rate at which ozone was being produced was equal to the rate
at which it was being oestroyed. However in recent times, as

a result of increased and changinga human activities. the
concentration of some of these reactive species (X)) in the
stratosphere 1is increasing. The result is that the

stratospheric ozone may be being destroyed faster than it is
being produced. Concentrations of ozone in the atmosphere
have been monitored during recent years and the results seem
to indicate that the ozone concentration in the stratosphere
15 decreasing.
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The Historical Development of a Theory of Stratospheric Ozane
Depletion Caused by CFCs

Thomas Midgley, born in 1889, was a prolific inventor
and contributor to the fields of science and technology. One
of his achievements was the discovery that the addition of
tetraethyllead to petrol improved the efficiency oaof its
combustion. (We have studied the air pollution problems
associated with the addition of lead compounds to petrol in
Unit 3.)

In the 1920°’s there was a large increase in the use of
refrigerators in the USA. The gases used in refrigerators

were ammonia (NH=), sulphur dioxide (80z) and chloromethans
(CH=C1) which were toxic, corrosive or +lammable gases.
Midgley suggested the use of alternative compounds as
refrigerants. These compounds were:

non-taoxic,

non—-carrosive,

non—-flammable,

stable or unreactive

odourless

made at affordable prices

safe to use

ideal as refrigerant gases because they boiled between 0°C
and -40°C at atmospheric pressure

These alternative compounds were chlorofluovocarbon compounds
or as we call them today, CFCs. They are compounds whose
melecules consist of chlorine, fluorine and carbon atoms.
There are many different compounds which were developed but
the five most important CFC compounds are represented below:

Cl ?1
cl=——C~—0C1 F———?—-—Cl
F F
CFC-11 LFE=-12
Cl (lll ll: !1 F|- T
|
Cle=QC ——C —F F——-?———?———F F-——?-——?——-F
l i c1 F Cl F
CFC-113 CFC—-114 CFC-113
o+ these CFC-11 (trichlorofluoromethane) and CFC-12

(dichloradifluoromethane) have been produced most abundantly.
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Until very recently, these were regarded as ‘'wonder
chemicals". They have been widely used as refrigerant gases
in refrigerators and airconditioners, propellants in aerosol
cans, sclvents to clean electronic equipment and blowing
agents during the production of foam rubber and polystyrene.
Yet +today CFCs are recognised as air pollutants contributing
to stratogpheric ozone depletion, the Ygreenhouse effect"
(Unit &) and acid rain (Unit 7). Now the manufacture ard use
of CFCs is being carefully reviewed; the Montreal Protocol
(Unit 10) 1is an agreement between 39 nations which seek to
reduce CFC usage by S0% by 199%.

The Ffirst indications that CFCs could cause air
pcllution problems came when James Lovelock, a British
chemist, detected the presence of CFCs in the atmosphere in
the Southern Hemisphere - far from the major release points
in the Northern Hemisphere. This finding seemed to indicate
the molecules of CFCs did not react in the atmosphere and
were dispersed over the globe.

Rowland and Molina, at the University of California,
also studied the behaviour of CFCs in the atmosphere. In 1974
they published a paper suggesting that COFCs were destroying
ozone in the stratosphere. The chemical inertness of the CFCs
{one of the most attractive features of these compounds)
allows them tec remain unreacted in the atmosphere for a long
time ( up to 130 vyears). They are carried by upward
movements of the troposphere and slowly (it can take 10
yvears!) drift through the tropopause into the stratosphere.
Once in the stratosphere the CFCs can be rapidly spread
around the globe by the strong horizontal winds in the
strataosphere. There these normally unreactive CFC molecules
become exposed to high energy ultraviplet tradiation. ]
photochemical reaction takes place in which absarption of
high energy ultraviolet radiation breaks C-Cl bonds 1in the
molecules releasing chlorine atoms.

UV, N 190-230 nm
eg. CFCl= —5 CFCl= + cl

UV, N\ 190-230 nm

CFaCl= > CF=C1 + Ci1
The chlorine atoms (radicals) are highly reactive. They can
enter into a chain reaction in which a single chlorine atom

destroys 100 000 molecules of ozonre before being removed from
the atmosphere for example as HUL.
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Diagram Showing Stratospheric Czane Depletign
by CFCs eq CFClx

N 190-230 nm —y

CFCl1z——3CFCl= + C1

AN

Stratosphere

Jzone Destructian

Os + C1l—C10 + O=
0 + Cl0-——s01 + Om
Ox + 0 ——> 20=
Troposphere
//Earth / (not drawn to scale)
In this chain reaction, Cl atoms and Cl0 radicals are not

used up since each species is remade in a complete cycle.

The work of Rowland and Molina was regarded as
contraversial as there was no experimental evidence to
support it. However in 19835 reports of a "hole” in the ozone
layer over the South Pole revived interest in this theory.
Since 1977, a British team of researchers, in Antarctica,
under the leadership of Joseph Farman, had been monitoring
the ozone concentration in the stratosphere using instruments
raised by ballocons. In the spring of 1982 readings taken from
a balloon showed an alarming decrease in the ozone
concentrations in the stratophere over Antarctica. However
these findings were not substantiated by readings taken by
the American Nimbus 7 space satellite that had also been
monitoring the ozone caoncentrations since 1%278. Initially
Farman ascribed his findings to experimental error but
readings taken at another staticon 14600 km away confirmed nis
results. Farman felt sure he was correct and published his
findings in 1985. His paper caused the American scientists to
re—-examine the data from the Nimbus satellite with some
embarrassing results! The Nimbus had recorded figures
matching those of the British team, but the computers had
been programmed to reject any findings that "fell out of the
parameters of credibility" and so these readings of low ozone
concentration had been stored by the computers aboard the
Nimbus as "erranecous data"! This is now regarded as one of
the greatest "scientific misses" of recent times.

The phrase “"Antarctic ozone hole" became much used as a

result of these experimental findings. The term "hole" is
misleading as the "hole" is not really a hole but rather an

page 101



area of very reduced concentration of ozona.

The Impact of Geographical Features on Ozone Depletion

Observations made by scientists seem to suggest that the
reduction in ozone concentration is worse over the South pole
than over the North Pole and that this reduction is more
pronounced every second year. Explanations for these findings
can be Ffound in the geographical features of the Antavrctic.
It is a roughly circular continent and a system of extremely
strong winds, called the "polar vortex", circles this
continent each winter sealing off the Antarctic stratosphere.
Ice crystals form in the stratosphare forming a catalytic
surface for the reaction of ozone with CFGs which have
accumulated duving the previous summer.

Gtesatest pozone depletions have been reported over
Antarctica for 1987 and 1989. An explanation offered for
this iz that a delayed breakdown of the polar vortex in the
Spring, following a winter of great ozone depletion, results
in a reduced inflow of CFCs. Thus the destruction of oczone
the following winter will not be so great.

A similar reduction of ozone over the Arctic does not
occur because the contimental structure is not the same as
that of the Antarctic. (The Antarctic continent is roughly
circular. The continents that make up the Arctic are not so
regularly shaped.) The northern winter polar vortex is not
as well-developed as that of the South Pole. It is more
easily disrupted by warm air masses and so does not seal off
the Arctic stratosphere as effectively as does the pplar
vartex in the south.

Dther Species causing Ozone Depletiaon

Dinitrogen oxide (also termed nitrous oxide), N«0O, is a
gas generated naturally by bacteria in the sea and soil.
However the concentration of this gas in the atmosphere is
increasing because of the increasing wuse of nitrogen—rich
fertilisers. It is a relatively inert gas with a life-span of
approximately 100 years in the atmosphere. Dinitrogen oxide,
tog, slowly moves from the troposphere into the stratosphere.
There, in a similar way to that of the CFCs, it isg
decomposed. A photochemical reaction ozcurs because the N=0
molecules absorb ultraviolet radiation with a wavelength <
250 nm. They dissociate to produce a nitrogen atom and a
nitrogen monoxide, NO molecule. The nitrogen monoxide
becomes involved in a chain reaction with ozone in a very
similar way to the CFCs.
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Diagram 8Showing Stratospheric Ozgone Depletion
by Dinitrogen Oxide

Stratosphere

Dzone Destructian

uv O=
NzQ ———> N + NO O + NOa— 3y NO + O
A <250 nm O + 0 — 202

Earth /C?;/ /, /_(Not drawn to scale)

VA A4

In the chain reaction ND is not used up in the reaction as
it is remade in a complete cycle.

Supersanic aircraftt, such as the Concorde, were designed
to fly in the stratosphere. The exhaust gases aof these
aivcraftt contain nitrogen oxides, NOx. If we look at the
reactions represented above we can appreciate the dangers
of introducing nitrogen oxides directly into the
stratosphere. For this reason the Concorde +lies at a lower
altitude and measures have been taken to reduce the nitrogen
oxide emissions in the exhaust gases.

Cansequences of Reducing the Concentration of Ozone in the

Stratosphere

The depletion of stratospheric ogzone could result in an
increased intensity of high energy ultraviolet radiation with
wavelengths 220 - 330 nm reaching the surface of the Earth.
This could result in the following:

a) An increase in skin cancer.

People with black skins should not be affected but those with
lighter skins could be affected. The reduced ozane
concentration, detected in the stratosphere over southern
Australia and New Zealand in recent years, has resulted in
peocple being warned at times not to remain in the sunlight
for periods longer than 13 minutes without protection.

b) An increase in the incidence of cataracts of the eye.
c) A disruption in the processes of photosynthesis and a

consequent reduction in crop yields.
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d) Damage to the plankton in the sea, thus disrupting
important food chains and destroying a means of removing
carbon dioxide from the atmosphere.

The Montreal Protocol and the changes in the use of
supersonic jets are representative of measures being taken to
curb some of the air pollutants that could contribute to the
depletion of stratospheric ozone. Our awareness of the
problem is only possible because of the scientific and
technological skille which have been developed enabling trace
components of the atmosphere to be monitored and their
concentrations measured. Chemists are able to identify the
species involved in and the mechanisms of reactions taking
place in the atmgsphere. Physicists and space scientists, by
means of instruments raised aboard balloons and satellites,

are able to study the complex problems in an increasingly
accurate manner. The pooling of Ffindings from these
disciplines, and those of geography and climatoloco: etec,

should result in a deeper understanding of these probleams and
the creation of improved solutions in the future.
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Learning Objectives for Unit 4

On completion of this unit students should be able to:

4.1

S
S

= =

S
~l

Briefly describe the absorption by the atmosphere of
most of the harmful, high energy, solar radiation
reaching thr: atmosphere.

Explain the phrase a photochemical reaction.

Write eguations showing the formation of ozone in the
stratosphere.

Sketch a graph showing the variation of ozone
concentration with altitude in the atmosphere.

Briefly explain the origin of ozone in the troposphere.
Wirite an squation showing the photochemical reaction
which occurs when ozone absorps solar radiation.
Explain the significance of the reaction given

in 4.4 in relation to the absorption of solar radiation
of wavelengths 220 - 330 nm.

Describe the maintenance of a steady state concentration
aof ozone in the stratosphere for millions of years in
the past.

Explain the effect of air nellutants such as
chlorofluorocarbons (CFCs) and dinitrogen oxide (N=0)
when they reach the stratosphere.

Write equations showing the phovochemical chain
reactions of CFCs and dinitrogen oxide with ozone in the
stratosohere.

Explain the threat these chain reactions pose tor the
gzone in the stratosphere.

Describe briefly the properties of CFUs that have made
theivr use as refrigerant gases, salvents, propellants
and blowing agents so widespread.

Describe brieflv some of the consequences aof azone
depletion in the st:atospnere.

Explain the meaning of the phrases "hole in the ozone®
and "ozone laver".

Discuss the view that science is a human activity -
errors can be made and progress is achieved through
communication of ideas.

Describe briefly the roles of the scientific.
industrial and technalogical sectors in monirtoring air
pollutants and adopting measures to address the problem
of stratospheric czone depletic:.
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Worksheet 4(a) "Is there a Hole in the Sky?"

Diagram showing "Ozone Haole!' ogver Antarctica

Y

Read the following passage (which is an adaptationmn of an
article appearing in the "Femina', January 1991). Then answer
the gquesticns that follow: (You will not find the answers in
the passage)

"When the hole in the ozone is largest over Antarctica,
South Africa has its highest concentrations of ozone present.

As the hole aver Antarctica decreases in size. the
concentration of ozone over South Africa decreases. This 1s
the opposite of what we would expect!” These are statements

made by Greg Bodeker, a researcher at the University of
Natal’s Space Physics Research Unit.
Most of tre world’s ozone is produced in the atmosphere

above the equator, after which it flows southward towards
the South Pole and northwards towards the North Pole. But
during winter, climatic conditions at the South Pole
produce a polar vogrte: over the Antarctica which stops the
ozone from reaching 1it. As a result, a ridge of oczone ricnh
air builds up around this vortex - and spills over onto
South Africa. Cape Town is closer to this ozone +~idg2 than

Durban, which is closer than Pretoria, and so on.

Ozone concentration in the ridge 1i1s highest during
October but begins tao break down during November, until it
reaches its lowest concentration in May. Sprinag is then the
best time for South Africans to induloge in ogutdoor
activities. By late summer ozone concentrations are
dangerously low and only begin .o pick up in midwinter.

Countries further south don’t have the benetit of this
ozone ridge. Australia, New IZealand and parts of South
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America are suffering visible effects of the widening ozone
hole, and lifestyles are being drastically altered. In Chile,
fish, vrabbits and =heep are being blinded by the effects of
the hole. Tree but™ are showing deformed growth and certain
types of marine algae are secreting a red pigment never seen
betore. Already Australia has the highes’ rate of skin
cancer in the waorld and South Africa is not far behind.

Industry is usually targeted whenever environmental faoot
dragging accurs, but local manufacturers are to be commended.
fan Macdonald, chairman of the Wildlife Society of Southern
Africa’s Dzone Assessment Board, says that South African
industry has been exemplary in the way in which it’s
responding to the problem."”

Questians
Please answer on a separate sheet of paper.

1. What is ozone?

2. In which regiaon of the atmosphere is the ozone referred
to in the diagram (and discussed in the article) to be
found?

3. (i) How is the oczone produced in the regian of the
atimosphere identified inm 2 (above)? (Include any
equations you think are relevant.)

(ii) Why is "most of the ozone produced in the atmosphere
above the equator"?

4. The phrase "ozone layer" is used in the diagram at the
start of this worksheet.
Sometimes this "ozone layer" is shown like this:

Uv
Radiation

ozone laver 1n
atmaosphere

Do vyou think ghe use of this phrase and the
representation as shown in the diagram could be
misleading?

Explain your answer and if you agrese that the use of this
phrase and representation are misleading suggest
alternative descriptions.

5. Is there "a hole in the sky"?
Explain your answer fully.
(Include a discussion of human activities and substances
that are contributing to the"hole, in your answer.)
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(i) What is the "polar vortex" mentioned in the passage?

(ii) What is the "ozone ridge" discussed in the ¢ ticle?

Why is the "hole in the shy" producing the effects such as
blindness in animals, damage to vegetation and changes in
algae fourd in the sea?

How has industry responded to the praoblem of the "hole in
the sky"?

page 108




Worksheet 4(b) "Saint or Serpent?"

Thomas Midgley discovered ways of using CFCé. At a meeting

of the Society of Chemical Industry in 1937, he dramatically
demonstrated his faith in CFCs. He filled his 1lungs with a
gaseous CFC, exhaled and extinguished a burning candle!

Questiaons
Please answer on a separate sheet of paper.

1. (i) What are CFCs?
(ii) Write the molecular formulas of two of the most
commonly used CFCs:

L]n c1
Cle— C-——C1 F—C—-=Cl
F F
CFC-11 CFC-12

2. What properties of these compounds was Midgley
demonstrating by his actions?

3. What use did Midgley foresee for these compounds?

4, What was the problem with the refrigerant gases used at
that time?

5. Why are CFCs posing serious problems as air pollutants?
6. A scientific author has posed the question:

"Was Midgley a saint or serpant?”
Discuss this questian.




Worksheet 4(c) Science as & Human Activity.
Read the following passage:

The Ffirst indications that CFCs could cause air
pollution problems came when James Lovelock, a British
chemist, detected the presence of CFCs in the atmosphere in
the Southern Hemisphere ~ far Ffrom the major release points
in the Northern Hemisphere. This finding seemed to indicate
the molecules of CFCs did not react 1in +the atmosphere and
were dispersed over the glabe.

Rowland and Molina, at the University of California,
also studied the behaviaour of CFCs in the atmosphere. In 1974
they published a papev suggesting that CFCs were destroying
ozane in the stratosphere. The chemical inertpess of the OFCs
(one of the most attractive features of these compounds)
allows them to remain unreacted in the atmosphere for a long

time (up to 150 years). They are carried by upward movements
of the troposphere and slowly (it can take 10 years!) drift
through the tropopause into the stratosphere. 0Once in the

stratosphere the CFCs can be rapidly spread around the glabe
by +the strong horizontal winds in the stratosphers. There
these normaliy unreactive CFC molecules become exposed to
high energy ultraviolet radiation. A photochemical reaction
takes place in which absorption of high energy ultraviolet
radiation breaks C-Cl bonds in the molecules forming chlorine
atoms.

Uv, N 190-230 nm
eg. CFClzx > CFClx + Cl

UV, N 190-230 nm
CFallw 5 CF =C1 + cl

The chlorine atoms {(radicals) are highly reactive. They can
enter into & chain reaction in which a single chlorine atom
destroys 100 000 molecules of oczone before being removed from
the atmosphere for example as HC1l.

The work of Rowland and Molina was regarded as controversial
as there was no experimental evidence to support it. However
in 1985 reports of a "hole" in the oczone layer over the South
Pole revived interest in this theory. Since 1977, a British
team of researchers, in Antarctica, under the leadership of
Jaseph Farman, had been monitoring the ozone concentratiaon in
the stratosphere using instruments raised by balloons. In the
spring of 1982 readings taken Ffrom a balloon shaowed an
alarming decrease in the o0zone concentrations 1in the
stratosphere over Antarctica. However thess findings were
not substantiated by readings taken by the American Nimbus 7
space satellite that had also been manitoring the ozone
concentrations since 1978. Initially Farmen ascribed his
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findings to experimental error but readings taken at another
station 1600 km away confirmed his results. Farman felt sure
he was correct and published his findings in 1985. His paper
caused the American scientists to re—-examine the data from
the Nimbus satellite with some embarrassing results! The
Nimbus had recorded Ffigures matching those of the British
team, but the computers had been programmed to reject any
findings that "fell out of the parameters of credibility" and
so these readings of low ozone concentration had been stored
by the computers aboard the Nimbus as "erroneous data"! This
is now regarded as aone of the greatest "scientific misses" of
recent times.

Instructions

Discuss the statements given below using information from the
passage to illustrate your answers.
Please write your answers on a separate sheet of paper.

1. "Segientific theories are based on the work of one
scientist".

2. "The significance of ideas proposed by scientists is
always immediately apparent'”.

3. "Scientists studyino the same problem always reach the
same conclusions."”

4. "Scientists know instinctively what observations will be
important.”

5. "With modern highly developed instruments errors do not

occur.”
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Solutions to Worksheets for Unit 4

Workshegt 4(a) "Is there a Hole in the Sky?"

1. Ozone is a gas found in small quantities in the atmosphere
{particularly the stratospherel). Its chemical formula is
Ox.

Z. Stratosphere.

3. (i) Oxygen absorbs high energy solar radiation penetrating
the stratosphere, and causes oxygen atoms to form.

v, XN < 230 nm
Oz > 20

(A photochemical reaction)

The oxygen atoms react with oxvgen molecules to form
ozone molecules.

0o + Op ———3 0

(ii) This is the region of the atmosphere where the
intensity of the Sun’s radiation (necessary for the
photochemical reaction given i1n (1) above) is the
greatest.

4., It could be a misleading representation. The diagram
implies that the Jayver is composed only of ozone. The
representation almost implies the laver is solic. However
the "layer" 1s simply a region of the atmosphere where the
ozone concentration is its greatest. This i1s still a very
small concentration (~10 ppm) and ozone is mixed with
other atmospheric gases found in t.ue stratosphere.

5. There is not a hole in the sky! The oczone in the
stratosphere is being destroved Faster than 1t is being
produced. This is causina a reduction in the concentration
oFf ozone in the stratosphere. CFCs (used 1n aerosols,
fridges, as blowing agents in polystyrene and foam) and
dinitirogen oxide., NxO (generated by fertilisers used in
agriculture) are causing the reductian in the ozone
concentration 1n this regicn of the atme ohsre.

CFCs and dinitrogen oxide are normally um-eactive in the
troposphere but become reactive 11 the stratosphere 1n the
presence o+ high enewrgy solar radiation ( N < 230 nm)
which penetrates this region.

Eguations Ffollow on next page.




eg- hv, N < 230 nm

CFCI = —SCFCle + (1
Ox + C1 —_—— ci1o + Oz
0 2+ Ccig ——— L1 + O=
Ox +0 —— 3 20=

orR
hv., N< 250 nm
Nz=0 » N + NO

O== + NO —_— NOz» + Oo

g + NO=» ———dy NO + O

Ox + 0O —_—_—— 20

4. (1} This refers to the extremely strong winds which
encircle Antarctica and prevent mixing of the
atmosphere above Antarctica and the surrounding
atmosphere.

(ii) The “"ozone ridge" 1is a region of increased ozon.
concentration In the stratosphere.

7. Dzone absorbs vradiation in the region AN 220-330 nm.
This radiation (called UV ogr ultraviolet radiation) Is
harmful to life. Ozone in the stratosphere absorbs and
prevents most of this soclar radiation reaching the
troposphere. The reduced concentration of orzone i1n the
stratosphere is resulting 1n maore of this radiation
raaching the cfartl’s surface. This radiation damages
life eg vegetation, algae etc.

8. Many of the world’s producers of CFLs t(including RSAJ.
have signed an agreement, " The Montireal Agreement'.
This agreement plans to reduce and finally stop
manufacturing CFCs. These substances will and are
being replaced by other substances which do not react with
ozone.
The Concorde, a& supersonic Jet, does not fly at the
altitude intended because of the damaging e+fects of
NO.. gases released from its exhaust. These NO. qgases
would react with the ozone.




Worksheet 4(b) "Saint or Serpent?'

1. (i) CFCs are compounds whose molecules contain carbon,
fluorine and chlorine atoms.
(i1) CFC~11, CFCl=x CFC-12, CFzC1l=

2. He demonstrated that CFCs extinguished flames (or were
unreactive) and that LFCs were non—toxic.

3. He foresaw their use as refrigerant gases.

4. They were toxic and caused serious hazards when they
leaked from refrigerators. They rorvroded (reacted with)
the material used for the pipes in the refrigerators.
Gases eg ammonia and sulphur were used.

5. CFCs are unreactive in the troposphere. They slowly drift
up to the stratosphere. There, In the presence of high
enargy solayr iradistion, they react (a photochemical
reaction). A chlorine atom Is released From a CFC
molecule and this chlorine atom is capable of destroyving
100 Q00 oczone molecules.

6. Midgley discovered the use of lead compounds 1n petirol to
improve the combustibility of petrol. He also discovered
the use of CFCs as refrigerant gases. These seemed
excellent ideas at the time. Hence Midglev can be called a
“saint". However with time, the air pollution consequences
of the lead compounds in petirol and the CFCs have become
apparent. Therefwe Midgley can be called a "serpent"!




Worksheet 4(c) Science as a Human Activity.

1.

This statement is not necessarily true.

Scientific theories represent “team work" (or the work of
a number of people). For example, in this article,
Lovelock, Rowland, Molina, Farman and scientists using the
Nimbus satellite, were all involved in developing the
theory of ozone destruction.

No.

Sometimes the work of scientists does not seem
immediately significant. Its importance only becomes
apparent later. For example, the work of Rowland and
Molina was not immediately recognised as being
significant.

This statement Iis not necessarily true.

Farman and the scientists working with the Nimbus
satellite did not come to the same conclusions when
monitoring ozone concentrations in the stratosphere over
Antarctica.

This statement is not necessarily true.

The Amercian scientists decided to ignore readinus of
very small ozone concentrations taken by the Nimbus
satellite and regarded them as '"wrroneous data".

This is not true.

Errors (caused by the "human factor') were made with the
Nimbus satellite.
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UNIT o

Smog




Introduction to Unit 5

Asrosols are salid particles aor droplets of liguid
which are too small to drop out of the air. In the
atmosphere they may reduce visibility and create hazards for
air, water and land traffic. Some of these aerosols form as a
result of weather conditions. For example mist consists of
very small droplets of water ( radius of less than 1um or
1 X% 10 =" m) suspenit~d in the ai,. Fog is a suspension of
larger droplets of water {(radius Lam - IQf&m ) in the air.

However some aerosols not only reduce wvisibility but
also prasent hea.th hazards and damage vegetation and
materials. Air pollutants, sometimes in combination with mist
or fog, may give rise to these aerosols. The term gmog was
coined in 1905, to describe the combination of smoke anu fog.
Nowadays this term 1is used to describe any smoky or hazy
pollution of the atmosphere. The composition of smog and its
effects depend on the type of activity causing the air
pollution. Smog is an wurban problem. In addition the weather
and geography of the area play significant roles. Broadly
speaking there are two main categories of smog. These two
types of smog are named after the cities in which they were
first experienced and studied. They are:

A. The London—-type Smog or Classical 8Smog.
B. The Los Angeles-type Smog or Photochemical 8mag.

A. The lLondon-type Smog or Classical Smog

In 1992 a tragic air pollution episode occurred in
London. A thick smog hung over the city for S days. Peoaople
coughed, tears streamed down their faces from irritated eyes.
Traffic came to a standstill because drivers could not see.
Large particles of ash, soot and other paollutants fell to the
streets or into houses. People poured into haspital - in
particular the elderly or those with pre-existing heart and
respiratory problems. More than 4 000 people died and many
more became seriocusly ill. This episode probably resulted
because of the size of the city and the scale af
industrialisation at a time when no air pollution control
measures were in operation. Large quantites of smoke and soot
fhad been released into still, moist, +foggy air over the city.
The smoke had a high sulphur dioxide content. (British coal
has a high sulphur content.) Sulpihur dioxide is itself a
raespiratory irritant. Below concentrations of 23 ppm the
irritation is confined to the upper respiratory tract. IF
soot particles are present the sulphur dioxide is absorbed
onto soot particles. The lower vrespiratory tract becomes
affected i+ these particles are inhaled.

The weather conditions playsd an important role in the
formation of this smog. In normal conditions the air nesar
the surface o+ the Earth is warmer than the air abeove it.
The warmer air is less dense and rises to higher altitudes.
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Cooler more dense air replaces it. These convection currents
cause the turbulence that is a feature of the troposphere.
Under these conditions the air is referred to as being

unstab.e. Air poliutants emitted into unstable atmospheric
conditions are rapicdly dispersed and diluted in the
troposphere.

Graph showing the Variation of Temperature with Altitude
in Unstable Atmospheric Conditions

Altitude normal decrease in
temperature with
increasing altitude

Ter perature ——»

Sometimes, however, a layer of cold air occcurs near the
surface of the Earth and the temperature of the troposphere
increases with altitude. (This is called a temperature
inversion, as the trend is the reverse of the normal one.)
The cold air near the ground is more dense than the warm air
above. Thus very little up and down movement of the air
occurs. Under these conditions the air 1is referred to as
being stable. Air pollutants released into stable atmospheric
conditions are not dispersed.

Graph showing a Variation in Temperature with Altitude
Leading te Stable Atmospheric Conditions

Altitude

Temperature inversion
leading to stable
conditions in this region
ot the atmaosphere

A

Temperature ——————>p

The smog in London formed under these stable atmospheric
conditions, brought about by a temperature inversion as shown
in the graph above.

London—-type smog is likely to occur  on a cold
(temperature below 10 ®0), foggy day or during cold nights.
This type of smog clears as the temperature of the

tropasphere increases.

To control the air pollution giving rise to this smog,
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strict measures were introduced. Controls were placed on the-
type of fuel burnt, and the smoke emitted. Only "smokelsss"
fuels were allowed to be burnt in urban areas. These measures
have avoided similar seriol ; episodes of such air pollution
occurring again in London.

B. Los Angeles—type or Photochemical Smog

The i1l effects of air pollution were first noted in lL.os
Angeles 1in the 1940s. A brown haze that irritated the evyes,
nose and throat appeared in the air. Crops and materials such
as rubber were damaged. The occurrence of this haze (smog)
wag puzzling as Los Angeles has no major industries. However
it does have many motor vehicles and lots of sunshine!

The brown haze (smog) was a suspension of small solid
particles and small droplets of liguid in the air - an
aerosol. This aerosol reduced visibility. The explanation for
the formation of this smog was provided in 1932 by a chemist,
A.J. Haagen-8mit. He was attempting to isolate the main
ingredient of pineapple odour. Working on a smoggy day he
detected a greater concentration of ozone in his experiment
than 1is normally found in unpolluted tropospheric air. (The
natural concentration of ozone in the troposphere is
approximately 0,04 ppm. This wozone originates in the
stratosphere (Unit 4) and is slowly transferred across the
tropopause and into the troposphere. 0zcone cannot be formed
in the troposphere in the same way in which it is formed in
the stratosphere, because most of the solar radiation with
wavelengths less than 290 nm does not reach the troposphere
(Unit 4)).

Haagen—-8Smit delayed his research to find the reason for
this increase in ozone caoncentration. His study led him to
realise the significance of the role played by sunlight
(with a wavelength greater than 290 nm) in the formation of
this type of smog. He coined the term photochemical smog. The
energy from solar radiation initiates a series of reactions
which lead to the formation of this type of smog. (Refer to
Unit 1 for background on photochemical reactions). Thus in
contrast to London-type smag, photochemical smog Fforms on
sunny days with a temperature of more than 24°C. The
formation of the smog ceases when the sun sets and the
temperature decreases.

In addition the geocgraphic and the climatic conditions
of Los Angeles play their role. The geography of the Los
Angeles district is such that the region can be compared to a
giant "reaction vessel". The +floor of the vallz=y, and the
mountains on three sides +form most of the walls of the
"vassel”. The valley is open to the sea and a prevailing wind
blowing in from the sea provides the remaining "wall" of the
"vessel". Freguent temperature inversions, at an altitude of
200-500 m, effectively "trap” the polluted air in this
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"vessel". These temperature inversions form when a layer of
warm (less dense) air blows in and overlies z layer of cooler
air. This gives rise to stable atmospheric conditions with
very little mixing of the air. Thus air pollutants are not
dispersed and diluted. In Los Angeles such temperature
invaersions occur approximately 320 days a year!

Graph showing the Variation of Temperature with Altitude in
Tenmperature Inversions in Les Angeles

N

Altitude & Temperature inversion
(at 200 - 300 m)
caused by a layer of warm
air moving in over cool air
Temperature

Some of the components of exhaust gases (primary air
pollutants) released into the atmosphers by the large number
of motor vehicles are the reactants in the photochemical
reaction. The reaction gives a complex mixture of products
{secondary air pollutants) which in turn form the smog.

Although the situation in Los Angeles has been discussed
in detail, photochemical smog is becoming an increasing
problem in many cities throughout the world. In South Africa
with our plentiful sunshine, increasing numbers of motor
vehicles and frequent temperature inversions {for example
during the Highveld winters), photochemical smog is of
growing concern.

Let us take a closer lock at the chemistry involved in
the formation of photochemical smog. The reactions taking
place are complex. (For example more than 100 different
hydrocarbon compounds may be detected in a sample of polluted
city air.) We will attempt to simplify the reactions taking
place and highlight some ~f the main features. The reactions
may be summarised as follows:

Some components of car sxhaust gases + oxygen

!
§ ‘
: sunlight
Y’

photochsmical smog

page 120




ie. CuHu {g) + CO(g) + NO.(g) + 0QOx=
sunlight
CaH.0.(g) + Ox(g) + CD=(g) + H=20(g) + NO.(g)
(This equation is not balanced)
The exhaust gases (primary air pollutants) contain many
of the products of combustion of petrol Unit 3.

Hydrocarbon compounds (CaHw) are vrveleased as a result of
incomplete combustion and leakages from the fuel systems of

motor vehicles. Carbon monoxide is also a product of
incomplete combustion. At the high temperatures present in
parts of the engine, the nitrogen and oxygen in the

atmosphere combine to form nitrogen oxides, NOx. One of
these oxides is a brown gas, nitrogen dioxide, NO=z.

Organic compounds {(eg.CsH,0:), ozone and nitrogen oxides
arw secondary air pollutants which Fform the smog. Thesse
secondary pollutants cause the irritation, health hazards
and damage to vegetation and materials.

The photochemical smog reaction begins when some of the
photons fraom the sunlight initiate the dissociation of
nitrogen dioxide molecules into nitrogen monoxide molecules
and oxygen atoms. Nitrogen dioxide molecules absorb a wide
range of wavelengths of visible and ultraviolet radiation
pensetrating the lower atmosphere.

sunlight
NDz ————— % NO + 0O
A < 430 nm
The oxygen atoms produced react with the oxygen molecules

in the atmosphere to produce ozone.
Oz + 0 — 0=

The nitrogen .¢cnoxide molecules formed can react with ozone
molecules to retorm NGz molecules.

N2 -+ 0% ———>NO= + D=

Thus nitrogen dioxide can participate in both the production
and destruction of ozone.

These reactione ccilectively form a cycle. The net effect of
this cycle is the recycling of NO=z and, were it not for
competing reactions which interfere with this cycle the
caoncentrations of NO, NGO: and ozore would not change. A
steady state would be reazed in which they would form at the
same rate as they are destruyec.
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sunlight

Nai\
0 o)

o)

2
Howevear caompeting reactions occur involving the
hydrocarbons which are emitted from the same source (the
exhaust) as NOs . The cycle is disrupted because

hydrocarbons readily react with the oxygen atoms produced.
In addition the hydrocarbons can react with the ozone. The
products of such reactions are very rsactive and react with
the nitrogen monoxide giving rise to compounds such as

These compounds are collectively called PAN. The structural
formula above represents peroxyacetylnitrats.

The consequence of this is that with NO removed from the
cycle the normal mechanism far the destruction of ozone has
been eliminated and the concentration of ozone in the air
increases.

Diagram Showing the Involvement of Hvdrocarbon Compounds in
the Nitrogen Dioxide Cvcle

SMOG sunlight
R, J

' -

) ,o"‘""__‘n’— NO2\\‘
‘G"o- o _’NO 0

02 ,’
*J reacuvek (ydro- T

species carbons

(accumulates)
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As a result of the complex series of reactions that take
place in the formation of photochemical smog, many other
organic compounds such as aldehydes and ketones are formed.
Many of these are irritants and health hazards. The
composition of photochemical smog formed in different regions
of the world, varies. This is because of differences i
concentrations of air pollutants, differences in climatic
conditions and differences in the duration of the smog.

In the discussion of photochemical smog, motor vehicles
have been highlighted as a source of hydrocarbon compounds
which whan released into the atmosphere are air pollutants.
However there are other sources which also release these
compounds into the atmosphere:

a) Petroleum
During the refining of petroleum a complex mixture of
hydrocarbons may be released into the atmosphere.
Hydrocarbons are alsco released during transport and
storage processes.

b)> Combustion
Hydrocarbons are produced during the combustion of coal
for heating or power generation and during the combustion
of wood as a fuel or in forest fires.

c) Household Products
Hydrocarbons are found in many volatile household products
eg. haivr spray, spray paint, cigarette lighters, oil-based
paints, paint thinners and solvents etc.

The Effects cf the Components of Photochemical Smog

a) Gzane

Ozone in the stratosphere is beneficial as it absorbs

solar radiation that would be harmful to life (Unit 4).

We don’t have any direct contact with that ozone.

However we do have contact with ozone in the troposphere.

Ozone is a very reactive substance — it is an oxidising

agent and is toxic.

Ozone can affect:

i) Human Heallh
Ozone can cause a variety of symptoms depending on the
exposure time, the concentration of the czone and the
health of the individual. Asthmatics are adversely
affected by ozone concentrations of 0,25 ppm. AL
concentrations of between 0,25 and 0,3 ppm healthy
individuals develap headaches, chest pains and coughs.
Concentrations of more than Su som faor an hour, may
prove fatal.

ii) Vegetation
Plants are more serisitive than hurans to increased
ozone concentrations. Concentrations as low as 40 pph
can cause damage. In fact damage to nlants was ore of
the earliest observed effects of photochemical smog.
Ozone bleaches leaves and burns the tips of trees such
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as pine. It is believed that reaction with ozone
removes calcium and magnesium ions fram dissolved
salts in the leaves of plants. This has far reaching
effects on plant metabolism and can lead to the death
of the plant. It is now thought that damage to trees
in parts of America and Europe is caused by increased
tropospheric ozone concentrations and not only acid
rain as previously thought. However the prohlem is
complex and not yet fully understood. Factors such as
climate, acid rain, fog, ozone and laoss of soil
nutrients all contribute to tree damage. It may be
factors like this which are causing the observed
damage to pine plantaticns in the Eastern Transvaal,
{1t should be noted, however, that over densely
forested areas, on warm, sunny yays a haze is
observed. This is the result of a reaction between
terpenes (a type of hydrocarbon compound) which are
released naturally from vegetation and the naturally
low concentrations of ozone in the troposphere.)

iii) Materials
Ozone causes large economic costs because of the damage
it causes to materials such as plastics, dyes, paints
and rubber. This "damage" is a chemical reaction
between ozone and these materials. The damage to rubber
was an early technigue used by Haagen-8Smit to estimate
the concentration of ozone in the air in Los Angeles.
In regions regularly experiencing photochemical smog,
damage to car tyres is more significant than mechanical
wear.

iv) Global Warming
Ozone absorbs infrared radiation and is termed a
"greenhouse" gas (Unit &). Increased concentrations of
this gas in the troposphere contribute to the possible
problem of global warming.

b) Drganic_Components of Photochemical Smog
PANs cause respiratory irritation and intense irritation
of the eyes. They also damage the leaves of plants causing
“bronzing" of the leaves. This can lead to significant
loss in crop yields.
Other organic compounds present in photochemical smog are
carcinogenic.

The Control of Photochemical Smog

Photochemical smog consists largely of secondary air
pollutants and sc control measures seek to restrict the
release into the atmosphere of the primary air pollutants
which give rise to the smog. These measures include the
following:

1. Stricter controls on the industrial emissions of
hydrocarbons and nitrogen oxides.

2. Improvements in the combustion efficiency of motor vehicle
engines.
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3. Reducing the numbers of motor vehicles on the
road by encouraging the use of public transport.

4., The use of devices such as catalytic converters to reduce
some exhaust gasas from motor vehicles. The situation is
complex, however, as this also reduces the concentration
of nitrogen oxide which plays an important role in
reducing ozone concentrations.

The problem of smog 1is cormplex. An increase in the
public awareness of the nature of the problem could result in
a willingness to co-operate in finding solutions to this
issue.

page 125




Learning Obijectives for Unit S

On caompleting this unit students should be able to:

Explain the meaning of the terms aerosocl,
smod.

Describe the origin of London~type ar classical smog.
Describe the role played by weather conditions in the
formation of classical smog.

Describe the composition and effects of classical smog.

Describe the measures taken to prevent classical smog
from occurring.

Describe the origin of Los Angeles-type or
photochemical smog.

Describa the role played by weather conditions in the
formatian of photochemical smog.

Describe the composition and effects of photochemical
smog.

Describe measures taken tao reduce the formation of
photochemical smog.

Compare and contrast classical and photochemical smog
with regard to origin, role played by the weather,
composition and effects.

Explain that a component of the atmosphere eg, ozone,
beneficial in the stratosphere is 2n air pollutant in
the troposphere.
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Worksheet S(a) Looking into the 8mog.

Task 1

Using +the table given below, compare and contrast clagsical
(London—-type) smog and photachemical smog with respect to the

headings given.

Classical Smog

Photochemical Smog

Type of
Environment
Where it
Occurs

Physical
Description

Weather
Conditions for
Formation

Weather
Conditions for
Clearing

Source of
Smog

Cemponents
of Smog

Effects

Contraol
Measures
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Task 2
Clarify this "confusion".

F1'm so confused !t}
 First they tell me ozone is
being destroved in the atmosphere
and that’s a seriocus problem........

Now they tell me ozone is being
produced in the atmosphere and
that’s a problem..........
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Worksheet S (b

Read this article which o 2 ed
Answer the gquestions that - NP

Ozone on the ground has
tripled in the Johannes-
burg and Pretoria re-
gions since the 196Us,
but it is decreasing
steadily 20 km up, 2c-
cording to a meteoralo-
gist at the Pretoria
Weather Bureau.

Both trends are dan-
gerous. Ozone high in
the stratosphere pro-
tects the Earth from
solar radiation, but at
ground level it threa-
tens health and crops —
and ozone on the ground
will never rise and re-
place tie ozone in the
stratosphere.

Mark Zunckel, who
has been measuring the
ozone in Irene, near
Pretoria, for 2% years,
said he had found levels
had risen to about 40
parts per billion.

International stan-
dards, which are used as
guidelines in SA, state
that above 120 parts per
billion, ozone can cause
respiratory ailments.

Guestions

m— e vy
]

Perilous
highveld
0ZORe
trends

By Julienne du Toit

“It’s nice from far and far from nice."
in the Star in August 1991.

- QOzone has a sweetish
smell, and although it is
present at ground level
in minute quantities it is
so corrosive that a whiff
of pure ozone could kill
almostly instantly.

In the Vaal Triangle,
the ozonme pollution
levels have approached
120 parts per billion.
And these levels were
measured in winter,
when ozone levels are
usually low.

The levels would
probably increase in
summer, said Dr Petro
Terblanche of the Medi-
cal Research Council,
who is to release a re-

port on the subject soon.

Greg Bodeker, who is
doing his Masters thesis
on global ozone deple-
tion at the University of
Nital, explained that an
increase of ozone on the
ground is caused by
arything electrical —
car spark plugs, electri-
cal substations, even ap-
pliances with high volt-
ages — which split up
oxygen atoms. As free
oxygen radicals they
join up in unstable sets
of three to form ozone.

Ozone is also pro-
duced by burning fossil
fuels, which give off ni-
trogen oxides, and un-
burnt hydrocarbons.
These react with each
other to produce ozone.

Ozone darnages lungs,
and makes eyes iteh,
burn and water. It also
lowers resistance to
colds and pneumonia.

Ozone may be the
main pollutant that
damages plants and
weakens some materi-
als such as rubber.

“It's nice from far
snd far from nice,” said

|_Mr Bodeker.

(Write your answers on a separate sheet of paper)
1. Explain the phrase “ozone on the ground”.

2. Why does the author state that "czone on the ground will

never rise and replace ozone in the stratosphere"?

3. Why will the

“level

increase in summer"?

4. A Masters student, Greg Bodeker,
sources of "ozone on the ground”.
5. What is wrong with the phrase "....which split up oxygen

atoms"?

&. The article states,

(concentration)

of oczone probably

has identified many
Describe these scurces.

"As free oxygen radicals they join

up in unstable sets of three to form ozone"

i) What are "free oxygen radicalg"?

ii) Replace the phrase "they join up in unstable sets of
three” with a more scientifically correct
description.

iii) Represent the sentence quoted above, with a chemical
equation or equations. (You may need to use ideas you
gained while studying Unit 4: Ozone Depletion.)

pescribe the effects of "ozone on the ground" as mentioned

in the article.
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Workshest 5 (c) Interpreting Graphical Data
Look at the graph and then answer the guestions posed.

0,530 0,30
«hydrocarbons
0,401 0,40
Concentration of
NO, MDz, Os, CO
and 0,30¢t 0,30
hydrotarbons /
in (f! / G
parts per sillion 0,20 LA co /s - N + 0,20
{ppai , |
0,10 R 0,10
0,00 Eetasostootii .""""';""'“‘.'"'""". ) 0,00 .

0000 0300 0600 0900 1200 1500 1800 2100 2400
Tize of day

Questions
Please write your answers on a separate sheet of paper.
1. 1) At what time of day do the concentrations of
hydrocarbans and nitrogen monoxide (NO) reach a
maximum?
ii) Explain why you think this happens.

2. Why does the caoncentration of NDO reach a minimum when the
the concentration of NOz reaches a maximum?

3. 1) At what time of day does the concentration of ozane
reach a maximum?
ii) Why is this?

4, What substances are at mimimum concentrations when
ozone is at a maximum concentration?

5. Which substances appear to be involved in the production
of ozone in the polluted air?

6. Why do the NO and NOz concentrations increase towards
evaning?

7. Why does the ozone concentration decrease towards evening?

8. Reduced lung function can occur in normally healthy
individuals at oione concentrations of 0,1-0,3 ppm.
Explain why many people would suffer respiratory problems
on a day as shown in the graph.
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Worksheet 5 (d) Smog in a Box

Requirements
1 box ( a bit bigger than a shoe box)

sheets aof plastic
1 flat dish
1 tablespoon of petrol

1 ultraviolet lamp
source of NO= ‘copper filings and concentrated nitric acid)

A small amount of black paint and a paint brush (or line the
inside of the bo» with black paper)

1 torch

2 inflated ballcons

2 pieces of brughtly éoloured fabric

Diagram of Apparatus

N2

clear plastic = 5

- ] — — - -source of NO=

I

3

il

-t

= e

S—
dlSh of petr‘cl ——= = 7: =
‘\\~u“s=
Method T plug

1. Cut out the sides of the box as shown.

2. Paint the insides of the box and its lid with black
paint. (Or line the inside of the box with black paper.)

3. Place the ultraviolet lamp 1in the box.

4. Place clear plastic sheets over the sides of the box.

5. Put a tablespoon of petrol into the flat dish and place
dish inside the bax.

&. Place one inflated balloon in the box. Leave the aother
inflated balloon cutside (and not close to) the box as a
control.

7. Place aone piece of fabric in the box. Leave the other
outside the box as a control.

8. Introduce some nitrogen dioxide (NOz) into the box as
shown in the diagram.

9. Place the lid on the box and switch on the ultraviolet
lamp. Avoid looking at the ultraviolet lamp. )

10. Observe the air inside the box. If you shine the torch on
the black sides of the box it might make this
observation easier.

11, Observe any changes in the balleoon and fabric you have
placed in the box. (You will have to compare them with
the controls you kept ocutside the box.)

12. Some changes may only be observed after several hours.

13. Avoid inhaling air near the box.

It would be better to perform this experiment in a fume
cupboard if one is available.
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Observations

1.

After the ultravioclet lamp has been switched on.

When the torchlight is shone on a black side of the box.

Compare the inflated balloon in the box with the control
balloon.

Compare the coloured fabric in the box with the control
fabric.

Explanations

1.

In this simulation, what does the dish of petrol
represent?

In this simulation, what does the ultraviolet lamp
represent?

In this simulation what does the source of nitrogen
dioxide represent?

Using the terms such as "“aerosol" and "photochemical
change" explain the observations you noted in the air
inside the box and in the materials (rubber balloon and
fabric) you placed in the box.

Experisent is adapted fros
ir Polluticn
by C.K, Lavaroni, F.f.  “opnell.




Solutions to Worksheets for Unit 5

Worksheet 5(a) lLooking into the Smag

JTask 1

Classical Smog

Photochemical Smog

Type of
Environment
Where it
Occurs

Mainly urban
environsent

Mainly urban
environaent

Physical
Description

Thick haze which
is a coebination
of saoke and fog

Brownish haze

Cold wet day or

Sunny, wars day
Tesperature } 2400

Weather right ’ .
Conditions for Tesperature ¢ 10°C Teaperature inversion
Faormation Teaperature inversion present
present
L1
Weather Llears as the ears as the

Conditions for
Clearing

teaperature increases
and the sun rises

teaperature drops
and the sun sets

Source of

Burning of coal
and precence

Hostly release of
exhaust gases froa

Smog of fog eotar vehicles
{hydracarbans, ND,, CD}
o and sunlight
Components sulphur dioxide, Dzone, WD., aerosol
of Smog soot, droplets of o
water {aerosol) canszstzpq of droplets
of organic cospounds
Effects Irritatec eyes, chests, Irritates eyes, chests,
dirties hoaes daaages saterials eq,
Lauses serious rubber, damages plants
health probless for
frail people
Control Only “ssokeless® fuels Lontral of release of
Measures hydrocarbons froz

allowed to be burnt eq,
anthracite, gas

ie. reduction in burning
of coal tn urban areas

industrial sources
fieduction in nuaber of
vehicles in cities
Iaproveasnt in
coabustion efficiency

of sotor venicles.
Catalytic converters
fitted to sotor vehicles




Task 2

Dzone in the stratogsphere is being destroyed. This 1is a
serious problem because ozone Iis the only substance in the
atmosphere that absorbs solar radiation with a wavelength
220 ~ 330 nm. This radiation is harmful to living cells. We
do not come into contact with ozone in the stratosphere.

Howeveyr, oczone is_being produced in the troposphere during
the Fformation of photochemical smog in wurban areas. Ozone is
a very reactive substance. In the troposphere it comes into
contact with the biosphere causing damage to vegetation and
health problems. Ozone damages materials such as rubber.

The ozone produced in the troposphere does not rise to the
stratosphere and thus solve the problem of the oczons
depletion in the stratosphere. This is because oczone is very
reactive and reacts with many other substances in the
troposphere. In addition the exchange of substances acyross
the tropopause is very slow. (See Unit 1)
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Worksheet S(b) "It's nice from far and far from nice."

Suestions

1.

2.

6.

The phrase “"ozone on the ground' refers to ozone in the
troposphere.
Ozone in the troposphere will not rise and replace ozone
in the stratopsphere because ozone is very reactive and
will react with other substances in the troposphere and
form new compounds.
Concentrations of ozone will probably increase in the
summer because the intensity of soclar radiation will
increase in summer. The solar radiation plays a very
Important role in the formation of photochemical smog.
According to Greg Bodeker, ozone can be produced by
electrical devices eg. sparkplugs. Ozone is also produced
by some of the gases released during the combustion of
fossil fuels.
The oxygen atoms are not split. The bond between the atoms
iIs broken.
(i) Free oxygen atoms radicals are unbonded oxygen atoms.
They could be represented by means of a Lewis diagram

eg. e
:Q‘

(ii) A more scientifically correct statement would be:

" Oxygen atoms (radicals) combine with oxygen
molecules to form oczone molecules (composed of
three oxygen atoms). The oczone molecules are very
reactive."

(11ii)

7.

eg. by
Oz ——————> 20 (radical)
electrical

spark
a + Oz ————eer——3% 0=
(radical) (molecule) ozone (reactive)
The effects of oczone, as mentioned in the article, are:
Damages lungs.
Irritates eyes.
Lowers resistance of body.

Damages plants.
Weakens some materials.
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Worksheet S(c) Interpreting Graphical! Data.

1. (i) 08.00 h
(ii) At this time of day, there are many motor vehicles
driving in Los Angeles - as people drive to wark.

2. NO reacts with oxygen in the air to produce NO=.

3. (i) 12.00 A (noon)
(ii) At this time of day, the sunlight is most Intense.
It is the sunlight which iniates chemical reactions
which produce the smog.

4. Hydrocarbons, CO, NO=, NO.

5. Hydrccarbons, CO, NO=, NO.

6. The intensity of the sunlight is decreasing.
The photochemicel reaction invelving the dissociation
of NO- does not occur to the same extent.

7. The production of photochemical smog decresases towards
evening because of the decrease in the sunlight.
Ozone is a component of photochemical smog.

8. Between 10.00 h and 15.00 h, the ozone concentration in

the air in Los Angeles, is greateir than 0,1 ppm. Therefore
many people will suffer respiratory problems.
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Worksheet 5(d) Smog in a Box
Observations

1. A& haze forms in the box.

2., Tiny droplets of liquid which form the haze can be seen.’

3. #The inflated balloon may appear more deflated than the
control balloon — the rubber of the balloon is damaged by
the haze, and some alr escapes.

4, ¥Fabric may appear faded when compared with the control
fabric.

(¥ These changes may be observed after several hours)

Explanation

1. The dish of petrol represents hydrocarbon compounds
released mainly from exhausts of motor vehicles.

2. The UV lamp represents the solar radiation which is
necessary for the photochemical reaction to occcur
during the formation of photochemical smog.

3. The source of NO» represents the NO, gases released From
the motor vehicle exhausts.

4. A reaction is initiated by the UV lamp. This reaction Iis
the photochemical decomposition of nitrogen diakxide
molecules into nitrogen monaoxide molecules and
oxygen atoms. The oxygen atoms react with oxygen molecules
in the air to form oczone molecules.

The hydrocarbons (from the petrol) compete with this
reaction. Ozone accumulates and liquid droplets of
organic compounds eg. PAN, form. This gives vise to the
haze or photochemical smog. The components of this smog
react with the rubber balloon and the fabric, changing
these materials.



UNIT 6

The Enhanced

Greenhouse

Effect
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Introduction to Unit 6

Scientists have long been aware of the "greenhouse" or
radiation-trapping and warming effect of the atmosphere;
Svante Arrhenius, in 1896, described the relationship between
the concentration of carbon dioxide in the atmosphere and
atmospheric temperature. He was concerned about the effects
that the coal-dependent Industrial Revolution would have on
global climates. He predicted that a doubling of the
cancentration of carbon dioxide in the atmosphere could
increase the Earth’s average temperature by approximately 5°C
~ something which is closely borne out by modern day
estimates using sophisticated computer programmes.

Recently the phrase '"greenhouse effect" has received
popular usage in a way that indicates it 1is something
undesirable. However the greenhouse effect is something good!
Without it, life on Earth might not exist. Without the
atmosphere and certain gases in it, we might well be like the
Moon with scorching hot days and freezing nights and an
average surface temperature of -1°C . Instead the average
surface temperature of the Earth is 15°C - a comfortable
temperature for life to exist.

In our study of the greenhouse affect we shall
© cancentrate on the troposphere — that part of the atmosphere
that stretches approximately 153 km above the surface of the
Earth. The troposphere receives energy from the Sun in the
form of electromagnetic radiation with a range of wavelengths
(400 - 700nm) covering the ultravioclet, visible and
infra-red regions of the spectrum. However most of the
radiation occurs as visible light. The diagram below shows
the fate of the energy as it reachss the troposphere.

The Distribution of Incoming Solar Energy

_100% i ncoming
solar energy

25% reflected
by clouds
25% absorbed

in the hydrologic
cycle

S% reflected
from Earth’s
surface
———45% absorbed
o, Oy the Earth
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About 30% of the incoming solar radiation is reflected
by clouds, particles in the atmosphere or by snow, sand or
concrete on the Earth’s surface. The remaining 70%4 is
absorbed: 23% 1is absorbed and used in the hydrologic cycle
( the continuous cycling of water in to and out of the
atmosphere by evaporation and cendensation) and 45% is
absorbed by the Earth and converted into thermal - energy,
warming the atmosphere, oceans and continents.

People often think that the Sun’s energy warms the
atmosphere directly. However this occurs only to a very small
extent - most of the heating of the atmosphere accurs because
of its contact with the warmed Earth. It could be concluded
that because the Earth is absorbing solar radiation 24 hours
a day the Earth should be getting hotter and hotter. This is
not so because the Earth itself radiates energy at infrared
wavelengths (larger wavelengths than the radiant energy
received from the Sun). €pacecraft above the atmosphere
analyse the radiation emitted by the Earth and find that it
represents the type of radiation that is emitted by a body

with a temperature of -18°9C. Yet the Earth’s surface
temperature when measured with thermometers on Earth is an
average 15°C., This difference is not because of an error in

calculation by the instruments aboard the spacecraft but
because some of the energy emitted by the Earth does not
leave the atmosphere but is in fact absorbed in the
atmosphere. This absorption of energy is the origin of the
so—called greenhouse effect of the atmosphere.

If the atmosphere were composed only of nitrogen and
ovygen the temperature of the Earth would be well below the
freezing point of water. Nitrogen and oxygen do not absorb
the infrared radiation emitted by the Earth. (We say nitragen
and oxygen are transparent to +the infrared radiation.)
However there are some 30 trace gases which absorb some of
this infrared radiation. (We say these gases are opague to

the infrared radiation.) O0Ff these 30 trace gases, the most
important are carbon dioxide (COz), water vapour, methane
(CHa), CFCs, dinitrogen oxide (N=D) and czone (Ox).

Absorption of infrared radiation by molecules increases their
vibrational energy.

Diagram Showing (for example) Modes of Vibration of a
Carbon_dioxide Molecule

(i) (ii)

nond band

stretches cogpresses
«— & //O
o0—C=0 bun?\%/ bond

cxygen atoas vibrating
1on 4
10 the same girect Carbon atos

vibrating up and down
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Since the vibrational energy of a molecule is quantised, only
certain wavelengths of infrared radiation can be absorbed by
the molecule. For example, carbon dioxide absorbs at 1200 nm
and 1800 nmm, N=0 at 700 nm and CHa a% 1300 nm.

Once the energy has been absorbed by the molecules of
these trace gases they have a higher kinetic energy than
other molecules around them. Through collisions with these
other molecules, they distribute this kinetic energy. As
kinetic energy 1is proportional to absolute temperature, we
observe a warming of the atmosphere - the greenhouse effect.
The temperature of the Earth’s surface is determined by the
interrelationship between the rate of absorption, by the
Earth, of energy +From_ the S8Sun, the rate of absorption of
energy by the greenhouse gases and the rate of emission of
energy into space.

Diagram Illustrating the Greenhouse Effect

SUN A

soge infrared
radiation absorbed by —
gases in the ateospnere

some infrared
radiation escapes
back intoc Space

infrared radiation
radiated from the
warmed Earth

45% solar
radiation absarbed
by Earth

/ EARTH
it

The analogy of the atmospheric "greenhouse effect'" to
the way in which a greenhouse functions must not be followed
too closely. The warmth provided by a greenhouse is largely
due to the physical barrier of the glass which prevents
energy being transferred from the greenhouse by convection.
For this reason some people prefer to use the term 'Y“global
warming" rather than "greenhouse effect".

Over the centuries, the average temperature of the
Earth’s surface has stayed about the same because the
difference between the rate of energy absorption by the Earth
and the rate of energy leaving the atmosphere and escaping
into space, has remained more or less constant. This was
because the concentration of the trace gases capable of
absorbing some of the infrared radiation emitted by the
Earth’s surface, remained more or less constant. However
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A,

Carbon dioxide 300

analysis of the air bubbles trapped in the ice in Antarctica,
indicates that since the time of the Industrial Revolution,
the concentrations of some of these trace "greenhouse” gases
has increased very rapidly.

Graphs Shaowing Some Results of Analysis of Air Trapped in Ice

Changes in the Concentration of Carbon digxide
in the Atmosphere since 1600

320

concentration
in
ppm 280
240
1600 1700 1800 1900 2000
Years (AD)
B. Changes in_the Concentration of Methane in the
Atmosphere since 1600
1600
Methane 1200
concentration
in
ppm 800
1600 1700 1800 1900 2000
Years (RD)

As the concentration of these gases greenhouse gases
increases, less of the infrared radiation emitted by the
Earth escapes into space. The result could be global warming
of the atmosphere. Many scientists believe that this warming
has already begun. Thus it is not the greenhouse effect but
the enhanced or exagaerated greenhouse effect that is causing
concern.

Ignoring the contributions of water vapour to the
greenhouse effect, the present contributions of carbon
dioxide, methane, dinitrogen oxide, CFCs and ozone can be
shown as follows:
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Diagram Showing Overall Contribution to the Greenhouse

Effect

C0= (50%)

0= (124} CFCs (147%)

- N=20 (6%4)
CHa (1BW)

We shall consider esach of these gases in turn:

1. Carbgn dioxide

The concentration of carbon dioxide has increased from
283 ppm in 1880 to 356 ppm at present and is increasing at a
rate of 0,4% per annum. Many of our activities require the
burning of fossil fuels (coal, o0il "and natural gas) for
electricity, far transport and for domestic and industrial
purposes, It is estimated tlat the use of these fossil fuels
contributes 1,8 x 10** g of carbon dioxide per year to the
atmosphere. The increasing demand for the energy provided by
burning these fossil fuels is closely relsted to the rapid
growth in world population.

The chopping down of trees also effectively increases
the carbon dioxide concentration as trees (and other plants)
absorb carbon dioxide during photosynthesis. The destruction
and burning of natural Fforests thus contributes to the
accumulation of carbon dioxide in two ways = as a result of
the combustion and as a result of the destruction of a means
of removal of carbon dioxide fraom the atmosphere.

Diagram Showing Worldwide Contributions to Carbon dioxide
Concentrations in the Atmasphere

Others (16%4)

-—Transport (22,3%)

Industry (16%)

Electricity Deforestation (23%)

Generation (22,5%)



Carbon dioxide forms part of the natural cycle of
carbon between the atmosphere, oceans, land and plants and
animals. {( See diagram of the carbon cycle on the next page.)
In this cycle, carbon is exchanged between the atmosphere,
the biosphere, the soil and oceans. The existing cycles on
land and in the cgceans remove about as much carbon from the
atmosphere as they add. However deforestatiaon and the burning
of +fossil fuels is increasing the concentration of carbon
(mostly in the form of carbon dioxide) in the atmosphere by
approximately 3 x 10*F g per vyear.

Diagram of the Carbon Cycle (ag in 1988)
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Photosynthesis ) . .
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t Circled figures show the exchange of carbon 1Rtg or gut of
the ataosphere, Units for exchange are given 1s
1013 g £ yr-t
eg. 110 means 110 x 1013 g € yr-! are removed fraoa the
atmosphere by photosynthesis.

X
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t All figures given as 10'3 g of carbon
eg. 38500 means 38500 x 10*5 g €
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As we shall see later, carbon dioxide does not absorb as
great a proportion of infrared radiation as the other
“greenhouse gases” but it poses more of a problem than they
do at present because the concentration of carbon dioxide is
higher than that of the other “greenhouse " gases.

2. Methane (CHz)

This gas is produced naturally by bacteria acting on
decaying bioclogical matter in swampy areas in the absence of
oxygen. It is also produced by bacteria in rice—-growing paddy
fields, rubbish dumps and in the guts of ruminants such as
cattle. Leakages from coal mines and natural gas pipelines
also contribute to the concentration of this gas in the
atmosphersa.

Once again the increase in the concentration of this gas
in the atmosphere can be closely related to the the growth in
the world population. The world population of cattle doubled
between 1960 and 1980. Each of these animals can produce
73 000 litres ( at 15°C and 1 atmosphere pressure) of methane
per vear!)

At present the concentration of methane is 1,7 ppm and
is increasing at 14 per vyear. Methane is 30 times more
effective than carbaon dioxide at absorbing infrared
radiatian.

Diagram Showing Contributions to Methane Concentrations

Natural wetlands (21%)

Rice growing (20%)

Others (15%)_

Gut bacteria

Rubbish dumps (7%) eg. in cattle (22%)

Mine pipe
ieakages (13%)

3. Chlorofluorocarbons (CFCs)

These compounds have been studied with regard to the
depletion of stratospheric ozone. Their contribution to the
greenhouse effect is significant because some of these
compounds exist for a long time in the atmosphere ( up to 150
years!). CFCs are not part of a natural global cycle. Some
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CFCs are 25 000 times more efficient at absorbing infrared
radiation than carbon dioxide. At present the concentration
of CFCs is 00,0003 ppm and it is increasing at 3% per vyear.

4. QOzone (O=)

Ozone has been studied previously as being beneficial in
the stratosphere but harmful in the troposphere. In addition
ozone is a greenhouse gas. It is 2 000 times more efficient
at absorbing infrared radiation than carbon dioxide and its
concentration in the troposphere is increasing by 1,5% per
vear.

S. Rinitrogen oxide (N=O)

This compound has also been encountered in our study of
czone depletion in the stratosphere. It is being produced in
increasing quantities from the use of nitrogen—-containing
fertiligers. At present its concentration is 0,3 ppm and its
concentration is increasing by 0,3% per year. It can exist in
the atmosphere for up to 150 years and is 130 times more
efficient than carbon dioxide at absorbing infrared
radiation.

Summary of the Main Greenhouse Gases Showing Energy trapping
Effectiveness, Concentration at Present and Increase

per Year
Compaund Energy—-trapping Concentration | Increase
Effectiveness /ppm % per vyear
Compared to CO=
CO= 1 356 0,4
CHa 30 1,7 1,0
CFCs 10 ~ 235000 0, 0005 4,0
D= 2000 0,04 1,5
N=DO 150 0,3 0,3

Possible Conseguences of the Increase in the Concentration of
the Greenhouse Gases

The effects of the increased absorption of radiation
from the surface of the Earth, by these gases is the subject
of an ongoing debate. The consequences are complex issues
with many factors at work. BSome of the predictions are as
follows:
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a) A _General Temperature Rise

A temperature rise of between 0,5°C and 7°C during a
period of 50 — 100 years has been predicted on the basis of
some calculations. The sea levels could rise due to expansion
of the sea water and melting of ice in the North and South
Pole regions. This would endanger coastal cities and change
the main sea currents in the ocean. This in turn would lead
to climatic changes. Such a rapid climatic change could cause
extinction of many species of plants and animals, and changes
in the qguantity and distribution of rain. Because
agricultural crops are sensitive to climatic change this
would have drastic effects on the production of food and on
the economy of countries. (In South Africa, in the south west
Cape, for instance, it has been suggested that belts of warm
weather would move further south with the result that the
cold fronts which usually bring rain to the Cape in winter
would miss the tip of Africa. The south west Cape would in
time change from a winter-rainfall area to a summer-rainfall
area. The wunique Flora found in this area and its
wine-producing industry would be threatened and possibly even
replaced by mealie and pineapple fields!)

b) A Reduction in Solar Radiation

Some predictions suggest that if global warming cccurred, it
would be accompanied by more evaporation of water which would
lead teo increased cloud formation. These clouds would reflect
or block out more of the solar radiation. This would
counteract the effect of the increasing concentration of the
greernhouse gases.

c) Increase in the Ice-Caps

Some predictions suggest that global warming would cause
more precipitation of snow an the Ice-caps which would thus
grow in size.

d) The Counteracting_ of Another Ice—-Age

The Earth could experience another Ice-age caused by the
tilting of the Earth on its axis. The warming effect produced
by the increased concentrations of greenhouse gases could
thus be beneficiall

These are a few of the predictions rather simply stated.
There are others. We must remember that all these
predictions are marked by uncertainty; at present it |is
difficult to assess and predict accurately the outcomes of
an enhanced greenhouse effect. This emphasises the need for
internationally coordinated scientific research to reduce the
uncertainty. At present, the possiblity of an enhanced
greanhouse effect remains one of the most disturbing problems
of air pollution.
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Learning Objectives faor Unit 6

On completion of this lesson students should be able to:

6.1
6.2

Describe the meaning of the term "greenhouses effect".
Describe briefly the distribution of incoming solar
energy as it reaches the atmosphere; reflection by
clouds, absorption by the hydrologic cycls, absorption
by the Earth and reflection from the Earth’s surface.
Name, and if applicable, give the formula of the major
greenhouse gases; carbon dioxide (CD=z), water

vapour (H=0), methane (CHa), CFCs, dinitrogen oxide (N=0)
and oczona (0O=).

Describe briefly the role played by these gases in
absorbing some of the energy radiated by “he Earth.
Explain why the analogy of the greenhouse effect

to the functioning of a greenhouse is misleading.
Explain why the average surtace temperature of the Earth
has remained more or less constant over the past
centuries.

Discuxs the trends in the concentrations of the
greenhouse gases over the last three centuries.

Explain the effects these trends may have on the average
surface temperature of the Earth in the future.

Draw a pie chart to represent the contributions of
greenhouse gases to thes greenhouse effect.

List some of the main sources of carbon dioxide,

methane and dinitrogen oxide in the atmosphere.
Interpret a diagram of the carbon cycle explaining that
it is deforestation and the burning of fossil fuels that
are increasing the concentration of carbon dioxide in
the atmosphere.

Quote some of the predictions concerning the
consequences of an enhanced greenhouse etffect.

Describe the uncertainty surrounding these predictions
about future global atmospheric change.
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Worksheet &(a)

"The Science Boffins"

Read the newspaper article below and ther answer the
questions that follow.
Nobody’s more confused :

than the boffins of science

JUST when you'd got apd countries. temperatures are shghtly

your tongue around the However the findings warmer.

“green house effect” and of this new study of the What is likely to hap-

‘“global warming”.-it east Antarctic and pen is that although the

seems that scientists Greenland show that the caps might decrease

have got it all wrong. A' jce caps may get thicker slightly in size, they will The Star,
controversial mew study as the temperature gets . get far thicker. This'is| Feg bruary, 1991
says that global warming hotter, causing the sea good news mdeel for

might in fact be global: levels to fall threatened countries, but

cooling. Confused? So are: they can't relax conples

the scientists! ' Snowfalls tely because far more

ducted by the Geography
Department of Edin-
burgh University, it was
believed that global
warming would melt the
ice caps of the north and
south poles, making the
oceans swell and flooding
some waterfront towns

Before this study, con-

The team of re-
gearchers ‘were amazed
to discover that on days
when the temperature
was warmer the ice ac-
tually got thicker, and

not thinner as they had -
¢xpected. This is due to "

increased snowfalls when

evidence is needed t§
prove the theories of the
Scottish research team; '

This study has certain}
ly highlighted the fact
that scientific answers
based on what seem$
sound logie, still require
evidence from that mas-

ter of magic — Nature., ,

1. Explain the meaning of the term
2. Distinguish between the terms

"e~hanced greenhouse sffect”.
3. Why do some people prefer the term

"greenhouse effect"?
4. The contributions to the greenhouse effect can be
summarised as follows:

"global warming"

"greenhouse effect".
"greenhouse effect"”

and

to

CO= 30%
CFCs 14%
N=0 &%
CHa 18%

Oz 12%

i} Draw a pie chart to represent this data.
ii) List as many sources of these gases as vou can.

S. Why is global warming of such concern these days?

&. What are some of the underlying social factors that are
‘causing this problem?

7. In what way are the boffins of science confused?

8. Do yau know of other predictiens of the outcomes of glotal
warming? If so, briefly describe them.
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Worksheet 6{(b) Does the Concentration of Carbon dioxide in
the Atmosphere Represent a Steady State?

How can we keep the guantity of water in the bathtub
constant (if there is no plug being used)?

F

M\
- == open plug
L_"_"'-ﬁ r_]“ hele

We describe the maintenance of a constant guantity of
water in the bath tub as a2 steady state. )

In the exercise that follows, you will make use of the
following diagram:

Diagram of the Carbon Cvcle (as in 1988)
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Atmosphere
+ 3 yr—*

Biological +
and
Cherical Procecses
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. [ ) ® !
- + Biclonical
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Deforestation Fozeil Fuel Chemical Proceszes
Burning

| -

4 L

™~ ) ;

L’ Respiration (([/ Y S

\ x T v/
g@ (/

228

1720
in
Soil, Litter, Peat

5000 — 10000
in
Fossil Fuels

38500
in
Oceans

=
Z

T
S

¢ Al Fiuure; given as 105 g of carbon ¥ Circled figures show the exchange of carbon into or out of
eg. 36500 seans 38500 x 1013 g C ?3553253553519’ Units for exchange are given as

eg. 110 gzeans 110 x 10'S g € yr~' are removed froa the
atzosphere by photosynthesis.
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We shall use the diagram on the previous page to determine
whether or not the quantity of carbon dioxide in the
atmosphere represents a steady state. Carbon dicoxide is a
very important ‘'"greenhouse gas'. At present scientists are
unsure as to how much carbon dioxide will accumulate in the
atmosphere. The carbon cycgle is the exchange of carbon
{mostly 1in the form of carbon dioxide) between the
atmosphere, the biosphere, the soil and the oceans. The soil,
fossil fuels and oceans are sometimes referred to as
“reservoirs of carbon". These are parts of the Earth where
matter may be found whose molecules contain carbon atoms. As
a result of certain processes, these carbon atoms may be
exchanged with the atmosphere.

Now perform the following tasks:

1. Make a list of the processes shown in the diagzram that
result in carbon (in the form of carbon dioxide) being
released into the atmosphere. Make a note of the mass of
carbon contributed by each process per annum. Use this
infarmation to complete the table that follows.

Process Relazasing Carbon (as CO=) Input in 10*® g C yr—*
in the atmosphere

Total Input
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2.

In a similar way make a list of the processes as shown in
the diagram that result in carbon dioxide being removed
from the atmosphere. Make a notes of the mass of carbon(as
€0=) being removed from the atmosphere during each
process. Use this information to complete the table given
below.

Process Removing Carbon{as £O0=z) |[QOutput in 10*® g C yr—*

from the Atmosphere

3.

Total Output

Compare the magnitude of the total input and ocutput of
carbon (mostly in the form of carbon dioxide) in the
atmosphere. Does this represent a steady state with regard
to carbon (mostly in the form of carbon dioxide) in the
atmosphere? Explain you answer.

What is the net result for the atmosphere of the input and
output processes for carborn (as CO0x) during one year?

Which process/processes could be identified as the main
cause of the result you described in (4)7?
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6. Which reservoir is involved in the exchange of carbon
(in the fory of carbon dioxide) in which more carbon is
removed from the atmosphere than is released into the
atmaosphere?

(It is the role of this reservoir that contributes to some
of the uncertainty surrounding the Insequences of an
enhanced greenhouse effect.)




Worksheet 6(c) "WOW!!!}!"

Changes in the Concentratjon of HMethane in the
Atmpsphere sinca 1600

1600

Methane 1200,
concantration
in
pem 8OO,
1600 1700 1800 1900 2000
Changes in the Gonceryration of %;rggn digrige s o0
10 _xne Atmgggn!rg_g;ﬂge 16
320
Carpon dioxids 300
concentration
in
ppm 280
260 1600 1700 1800 1700 2000

vears (RD}

Grapn _showing the Grawth o the Human Population

10

Population 8L
in
Billiens &

177 1000 1200 1800 14600 1800 2000

ymars (AD}

Questians
(Answer on a separate sheet of paper.)
1. Discuss the trends shown by these graphs.
2. Explain the trends shown by these graphs.
3. Data is provided for charges in the concentrations af
carbon dioxide and methane in the atmosphere.
a) Is the percentage composition of these gases
(i) 20% aor more of atmosphere?
(ie major components of the atmosphere)
(iiY 0,01 - 1,0% of the atmaosphere?
(ie minor compaonents of the atmosphere)
(iii) 0,0001 - 0,01% aof the atmosphere?
(ie trace components of the atmosphere)
4. What percentage o7 the atmosphere (in total) does air
pollutian affect?




Worksheet &6(d) Comparing carbon dioxide concentrations in
samples of gases taken from different sources.

In this investigation, we shall compare carbon dioxide

cancentrations in the following samples (collected in small

plastic bags)

1. air

2. exhaled gases during respiration

3. exhaust gases from a motor car

4. almost pure carbon dioxide prepared from vinegar and
baking soda (sodium hydraogen carbonate)

In our comparison, we shall use a standard solution (the
colour of bromothymol blue indicator in water).
When we pass the gas samples (containing different

concentrations of carbon dioxide) through solutions of waher
and bromothymol blue indicator (in 4 different, labelled test
tubes), we may abserve colour changes in the indicator
solutions. A solution of household ammonia will be added
dropwise to the test tubes until the colour of each solution
returns to the same colour as that of the standard.

Reguirements for Each Group of Students

test tubes

test tube rack

measuring cylinder

metal or hard plastic funnel

small glass funnel

oven gloves

straw

small "Jiffy" plastic bags

"twisties" to seal plastic bags
narrow—necked bottle g an empty wine bottle
a dropping bottle of household ammonia (1 part ammonia ta 100
parts water)

100ml vinegar

Sml baking soda

bromothymol blue indicataor solution

labels

a water-proof marking pen

a bicycle pump

O BN LA

Method
1. Draw lines on 4 plastic bags in the same paosition using

the waterproof pan.

eg.
closed end

plastic bag

mark drawn with waterproof pen

l L open end
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When the bags are filled with the gas samples, the bags
will be sealed with the "twisties" at these marks. This is
to ensure that the volume of gases collected in each
plastic bag, will be the same.

2. Fit a p stic bag to the narrow end of the funnel.

Place the wide end of the funnel over the exhaust pipe of
a motor- car that has been running for a few minutes.

Thick gloves should be worn to avoid burning your hands.
Care should be taken not to inhale the fumes.

2. Fill the plastic bag with gases from the exhaust pipe.
Seal the bag, at the mark drawn on the bag, with a
"twistie". Label the plastic bag.

3. Fill another plastic bag with air wusing a bicycle
pump. Seal the bag at the mark drawn on it and label the
bag.

4. Fill a plastic bag with exhaled air by letting a member of
the group blow it up. Seal it at the mark drawn on it,
with a "twistie". lLabel the bag.

5. Fill a plastic bag with with almost pure carbon dioxide
as follows: '

Pour 100ml of vinegar into a narrow-—-nzcked bottle.

Using a funnel add S ml of baking soda,

Let the mixture bubble for about 3 seconds to drive out
the air.

Slip a plastic bag over the neck of the bottle and
collect carbon dioxice in the bag. When the bag is full,
seal it at the mark drawn on it and lapel it.

6. Add 15 ml of water and 10 drops of bromothymol blue
indicator to each of S testtubes in a test tube rack.

7. Carefully insert the straw, in turn, into each plastic
bag while releasing the "twistie". Bubble gas from each
bag through the bromothymol blue solution in a test
tube (as shown in the diagram). Label the test tubes to
identify which sample was used.

squeeze bag slowly

lastic ba
o d with hand

inflated with
gas sample

hold bag so that

it fits around straw straw

test tube
rack

bromothymol blue
solution

8. Keep one of the test tubes "s a standard +or comparison.

9. Using the dropper bottle o+ ammonia solution, add drops of
ammonia solution to each test tube until the solution
returns to the same colour as the standard.

10.Keep a record of the number of drops used.
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Results

Gas Sample Number of Drops of Ammonia Solution Added

Exhaust
Gases

Air

Exhaled
Gases

Pure
CO=

Explanations

1. i) What happens to the bromothymol blue solution in each
test tube when the gas from each balloon is bubbled
through it?

ii) Why does this happen?

2. i) What happens when the ammonia solution is added to the
indicator solutions?

ii) Why does this happen?

3. Which solution required the largest number of drops of
ammonia scolution to return its colour to that of the
standard?
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Explain why you think this is.

Now arrange the other samples of gas in seguence according
to the concentration of carbon dioxide they contained.
Start with the sample with the largest concentration of
carbon dioxide and end with the sample with the smallest

carbon dioxide concentration.

Discuss the implications of your findings in terms of the
impact of some of our activities on the composition of the

atmosphere.
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Worksheet 6(e) Making Methane

Requirements
A large plastic bottle with a tight fitting lid

A one-holed rubber stopper fitted with glass tubing
Some horse or cattle dung (or rotting vegetable matter)
A beehive shelf .

A trough

A gas jar

Water

Diagram of Apparatus

delivery tube

rubber stopper

methane
lid/A collecting
o e __;rougﬁ
[ containing
dung ar T naser
rotting vegetable i - L _beehive
matter shelf
Method

1. Fill the jar with the dung. Press it down to remove as
much air as passible.

2. Make sure the dung is kept moist through out the
experiment.

3. Insert the stopper with a glass tube. Make sure the glass
tube is clear of the top of the dung. Leave the end of the
tube open.

4. Place the bottle in a warm place. (The best temperature
is ~36°C.)

S. Leave for approximately 12 days. At the end of this time,
methane starts to be given off.

6. Collect the gas by setting up the apparatus as shown in
the diagram.

7. Keep the gas jar of methane well-sealed sa thet you can
use it Ffor Waorksheet &(F).

Explanatiagn
Please answer on a separate sheet of paper.

i. Make a list of human activities that are leading to the
increase in the concentration of methane in the
atmosphere.

2. Why is there concern about this increase in the
concentration of methane in the atmosphere?

3. Discuss the role of the world population in this air
pollution problem.
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Warksheet &6(Ff) To Compare the Extent to which Some Gases
absorb Infrared Radiation

Reguirements
Prepare the following:

A gas jar of methane A gas jar of oxygen
A gas jar of carbon dioxide A gas jar of air

4 stoppers (each fitted with a thermometer) ta fit the gas
jars

Diagram of Apparatus

therzoseter :
in stopper
gas jar

sathane oxygen carbon dioxige air
Method
1. Prepare a gas jar of each of the gases named
above.

2. Record the temperature on each of the four thermometers.
(The initial temperature)

3. RQuickly fit the stoppers and thermometers into the gas
jars as shown in the diagram.

4., Place the four gas Jjars in the sunlight for about

half an hour.
S. Record the temperature in each gas jar. (The final

temperature)

Observations

Gas Initial Final Increase in
Temperature Temperature Temperature
CHa |
O
CO=
Air

Note If you do not wish to make methane from dung, the
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following preparation of methane may be used instead.

1. Brind together in a mortar anhydrous sodium acetate and an
excess of sodium hydroxide.

2. Put the mixture into a hard glass test tube fitted with a
delivery tube and heat.

3. The methane can be collected over water in a similar

manner to that shown on page 1539%.

The reaction is:

CH=CO=Na + NaOH ————3 Na=C0= + CHa
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Solutions to Worksheets for Unit &

Worksheet &(a) "The Science Boffins"

1.

2.

4.

The "“greenhouse effect" is the ability of some gases in
the atmosphere to absorb some infrared radiation., This
leads to a warming of the atmosphere.

The "greenhouse effect" is beneficial and has been
responsible for the maintenance of a constant average
temperature (v« 15°C) of the Earth’s surface. Without it
there would be very hot days and freezing nights.

Some " greenhouse gases" are increasing in concentration.
The infrared absorption will increase and the temperature
of the atmosphere (and the Earth’s surface) could
increase. This is the “enhanced greenhouse effect".

This could he detrimental.

Some people prefer the term “"global warming" becausz the
“greenhouse effect" af the atmosphere does not operate the
same way as the functioning of a greenhouse. A greenhouse
functions by preventing the warmed aivr from leaving
because of the glass barrier. Thus the energy cannot be
transferired by convection.

I'n the atmosphere, the "greenhouse gases" absorb some of
the infrared radiation. The molecules of these gases have
a higher kinetic energy than the other molecules around
them. This excess energy is distributed to other molecules
Iin the atmosphere through collisions between the molecules
of the "greenhouse gases" and molecules of other
substances present in the atmosphere.

(i)

CO= : 50%Z of 360° = 180%
CFCs : 14% of 360 = 50,4%
N=O : 6% of 360° = 21,&°
CHa : 18% of 360° = 65¢
O= : 12% of 3609 = 43¢

Pie Chart

O (12%
CHa (18%) CO= (50%4)
N=0 (&%)

CFCs (14%)

~
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(i1i) Sources

CO0x: comoustion of fossil fuels, respiration

CFCs: propellants in aerosols, refrigerant gases

NoO: fertilisers

CHa: rotting carbage, rice—-paddies, cattle

O=: (in tropospherel) photochemical smog

The concentrations of the "greenhouse gases" are
Increasing very rapidly (ie. more rapidly than ever
before. )
Some of the underlying factors causing this problem:
the rapidly increasing world population and its demand
for energy, food and transport.
The “boffins" of science are confused because the
consequences of increased concentrations of these
“greenhouse gases" are not certain.
Otheyr predictions are for example:
Global warming may be beneficial if the Earth experiences
another Ice Age.
Global warming may cause more cloud formation. These
clouds would block out thne sun resulting in cooler
temperatures.



Warksheet 6(b) Does the Concentration of Carbon dioxide in
the Atmosphere Represent a Steady State?

The quantity of water in the bath tub could be kept constant
by running in water at the same rate as the water is running
out through the cpen plug hole.

1.

Process Releasing Carbon (as C0z) Input in 10*% g C yr—*
in the atmosphere

Respiration 55,4
Decomposition 35
Deforestatian 1 -2
Fossil fuel burning 5
Biplogical /chemical 0

processes Ffrom occean

Total Input 206,4 — 20/,4

2.

Process Removing Carbon (as CO=) Output in 10%% g C yr—*
in the atmosphere

Photosynthesis 110
Biclogical/chemical processes 93
involving the Ocean

Total Output 203

3. No this does not represent a steady state. The rate of
release (input) of carbon (mostly as carbon dioxide) into
the atmosphere does not egual the rate at which carbon (as
LO0=») is removed Ffrom the atmosphere (output of carbonl.

4. The net result is the increase in the concentration of
carbon (mostly as COx). This increass Is approximately
I S 4 x 10°% g O yr—

5. The processes identified as the main causes are:
Fossil fuel burning
Deforestation

6. The oceans appear to remove more carbon (as L0-)
from the atmosphere than is released into the atmosphere.
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Worksheet &6(c) “wWow? i

1.

3.

All three graphs show rapid increases: the first in
concentration of carbon dioxide in the atmosphere;

the second in concentration of methans in the atmosphere;
the third in the world prpulation. There appears to be a
gaod "Fit" (or correlation) of the graphs. This
correlation suggests that there could be an inter-
relationship between the three graphs. '

The trends can be explained as follows:

a) The concentration of carbon dioxide began to
increase rapidly +from «~1830 (about the time of the
Inogustrial Revolution). Increased industrial activity
from this time, lead to an increase in the combustion
of fossil fuels (coal and oil) to provide energy to
drive engines and other machinery. Since the Industrial
Revolution, technological and industrial development
has increased rapidly.

b) Methene concentrations in the atmosphere have Increased
rapidly since s~ 1850. Methane is released into the
atmosphere from rotting garbage, herds of cattle, some
forms of mining. These sources of methane-release
increase as the world population increases and the
demand for food increases. The disposal of Increasing
waste from growing populations also increases the
methane concentrations.

c) The world population increased rapidly since ~~1850.
(It is worth noting that i¢ took ~r 4 million years
for the world populacion to reach 1000 million
or 1 billion by ~~ 1E50. The population doubled by
1925. Now the world population Increases every by.

1 billion every 12 vears!)

The rapid growth in the world population can be
attributed to isnproved quality of life: scientific
and technological development has led to improved
health care. Improved methods of transport have led to
better ways of dispersing food, medicine, expertise.
The rapidly growing population places demands on
industry for commodities. It places demands an the
provision aof energy and food. The population also
places demands on the envivronment. Thus the
interrelationship between the graphs becomes apparent.

Percentage composition of:

al) carbon diaoxide is \~ 0,03% of the atmosphere
(a minor component)
b) methane is .~ 0,0002X of the atmosphere
(@ trace component)



4.

NB

~ 0,05% of the atmosphere is atfected by the changes in
the concentration of substances that give rise to the
problems of air pollution.

Ruestion 3 and 4 emphasise the point that changes In the
cancentration of minor and trace components of the
atmosphere may have significant impact on the chemistry of
the atmosphere and on the environment.
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Worksheet, 6(d) Comparin: carbon dioxide concentrations in

samples - gases taken from different sources.
Results
Gas Sample Numbder of Drops of Ammonia Solution Added
Exhaust (After pure COx, this sample needs the most
Gases drops)
Alr (Needs the least number of drops)
Exhaled (Needs less drops than exhaust gases
Gases but more than sample of air)
Pure (Needs the largest number of drops)
CO=

Explanations

1. (i) Colour changes for samples of exhaust gases, exhaled
air and pure carbon dioxide. Almost no change for air
sample.

(ii) Carbon dioxide Iin the sample dissolves in the
bromothymol blue solution making it more acidic.

2. (i) Solutions change colour and return to the original
colour of the solution before the gas sample was
bubbled through.

(ii) Ammonia solution neutralises the acidic solution.

"Pure" carbon dioxide sample required the largest number
of drops of ammonia solution.

U
.

This is because the concentration o carbonic acid (Ffrom
the 0Oz dissolving in the water) is greatest in this
sample. Therefore this solution needed more ammonia
soglution to neutralise the acidic soclutiocn.

4. "pure COx" (from the wine bottle), exhaust gases, exhaled
aivr, alr sample.

5. The burning of fassil fuels (eg petrol) produces a large
quantity of carbon dioxide. This is one of the main
reasons for the rapid increase of the wbon dioxide in
the atmosphere.

Note: Students may suggest that nitrogen dioxide is alsao
present In the exhaust gas sample. This gas will also
dissolve in water to produce an acidic sclution. This
is true. However the concentration of nitrogern dioxide
will be very small in relation to the concentration of
carhbon dioxide Iin the exhaust gas sample.
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Worksheet 6(e) Making Methane

Explanation
!. Some of these activities avre:

growing rice in rice paddies
cattle farming

dumping rotting carbage

coal mining activities

gas exploration

2. Methane is a "greenhouse gas". IL Is 30 times better than
carbon dioxide at absorbing infrared radiation.
The release of methane into the atmosphere as a result of
these activities is increasing rapidly.
It could cause global warming or an “"enhanced greenhouse"
effect.

3. The increasing world population needs ever increasing

supplies of food, energy. The production of waste or
carbage also Iincreases.
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Worksheet &6 () To Lompare thz Extent to which Some Gases
Absorb Infrared radiation.

Observations

The order of increase of temperature for the gases in the gas
Jjars should be

methane > carbon dioxide > air > aoxygen

Explanation

Methane and carbon dioxide are “greenhouse gases". Molecules
of these gases absorb infrared radiation. This results in
molecules of methane and carbon dioxide having more kinetic
energy than molecules of substances in the other gas jars.
Temperature is proportional to average kinetic energy.
Therefore the temperature of the methans and the carbon
dioxide will be higher than the temperature in the gas jar of
air and in the gas Jjar of oxygen.

Methane is approximately 30 times better than carbon dioxide
at absorbing Iinfrared radiation. This is the reason the
temperature increase in the gas Jjar of methane is the
greatest.
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UNIT 7

Acid Rain
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Introduction tg Unit 7

The term "acid rain" was first coined in 1858 by a

chemist, Robert Angus Smith when he presented a paper '‘on air
polluticon to the Chemical Society in Britain. In this paper
he reported how "the stones and bricks of buildings

....crumble more readily in large towns, where much coal is
burnt, than elsewhere" and he attributed this to "the slow,
but constant, action of the acid rain". This report and the
term ‘“acid rain" was forgotten until the 1960’s. Nowadays, a
hundred years later, the term has popular usage in describing
the detrimental effects of some air pollutants.

The term acid rain is misleading because rain is not a
neutral substance; rain is naturally acidic. Carbon dioxide
present in the atmosphere reacts with droplets of water in
the atmosphere to form carbonic acid; the natural pH of rain
is actually 3,6.

CO=(g) + H=z0(1) « 3 HaCO=x(aq)

Carbonic acid is a weak acid and partially dissocia s in the
water: .

H=CO= (aqg) +  Hz0(1) ——> Hx=0*(ag) + HCO="(aqg)

Over the last few decades rain of a greater acidity
(lower pH) has been of widespread occurrence. Other
precipitations such as snow and hail have alsc become
affected. The increased acidity of these precipitstions can
cause damage to plants, animals and n terials. Analysis by
chemists of these precipitations reveals that strong acids
such as sulphuric acid (H=S80s), nitric acid (HND=) and
hydrochlaoric acid (HCl) are present.

In the Northern Hemisphere, two regions have been
particularly affected by this problem; north-eastern United
States of America (and neighbouring parts of Canada) and the
Scandinavian countries (particularly & =»den and parts of
Norway). A '"frozen record" of the acidic praoperties of some
precipitations has been preserved as glacial ice. Analysis of
this ice reveals that in some parts of Scandinavia, the H=0™
concentration in precipitatieon has increased by a factor of
more than 200 over the last two decades. The average pH in
precipitation over the north-eastern United 8tates is now
between 4,0 and 4,2 with values as low as 2,1 being recorded
in 1individu:ial storms. Problems associated with the increased
acidity of rain were detected in industrial parts of Britain
almost a hundred yvears ago. However, it 1is the frequent
cccurrence and widespread nature (even in regions remnote
from industry) of this phenomenon in recent years that is of
growing concern.
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Combustion-related activities appear to be at the root
of the problem, in particular the combustion of fossil fuels.
If we look back at the table at the end of the introduction
to Unit 2, we see that globally, human activities contribute
more sulphur dioxide than natural phenomena. 0il companies
are required by law to remove most of the sulphur Ffrom
petroleum, sao the chief culprit must be the combustion of
coal. Although globally, human activities contribute little
to the nitrogen oxides (NOx) in comparison to natural
phenomena, when emissions of nitrogen oxides occur in
industrial areas they are alsoc involved in the problem of
air pollution. Some effects of these air pollutants occur
close to their source but other effects are noted hundreds of
kilometres away. Thus, for example, winds carvy air
pollutants hundreds of kilometres from highly industrialised
regiaons of Britain and Europe to parts of Scandinavia, where
they are precipitated and deposited in the soil and lakes. In
the same way air pollutants from industrialised regions in
the United States are carried by winds and may cause damage
to lakes and forests further north, eg in Canada. The damage
to fish in lakes in these regions was the first indication of
the detrimental effects of this +type of air pollution.
Freshwater +ish are particularly sensitive to changes in the
acidity of water.

Graphs Showing (a) Rain Water Acidity {(Norway),
(b) Barren Lakes (Norwav) and () Increases in Euragpean
Fossil Fuel Combustion, over the period 1955 - 1975

(a)
Arnual Average
pH of Rain
in Lista, Norway

(b))
Number of Lakes
with No Fish
(inm Norway) -

(c)

(c) 3
Fossil Fuel L

Consumption in [
Europe R
(10*= kg yr—1)
0 | { 1 4
1653 1960 1963 1970 1915

Year
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In the Transvaal Highveld we have a high density
industrial region whose air pollution compares with air
polliution in the Northern Hemisphere. Air pollutants are
alsoc transported many kilometres from their source and cause
problems of increased acidity in precipitations in other
regiocns of South Africa. Increased acidity in rain, fog and
mist is suspected of contributing to damage to pine forests
in the Eastern Transvaal. A C8IR survey of streams and
forests 1in the Drakensberg indicates that precipitation with
increased acidity is having an effect on streams and forests
in this area. The most affected streams (with increased
acidity and reduced aquatic life) are found near Golden Gate,
the Natal/0FS boundary and the Transvaal/Swaziland border.
These are all regions that are far re=moved from urban and
industrial activities.

The primary air pollutants contributing to the incres——d
acidity of precipitations of rain, snow and hail are mai .y
sulphur dioxide (80=) and the nitrogen oxides,(NO.). GCFCs
are also primary pollutants. Hydrogen chloride is a product
of CFC decomposition in the stratosphere (Unit 4). This is
eventually precipitated as hydrochloric acid.

Sources of Sulphur Dioxide

Natural phenomena can be a source of sulphur dioxide.
For example the recent eruption of Mount Pinatuba volcano in
the Philippines caused a cloud of sulphur dioxide & 400 km
long in the atmosphere. However as mentianed earliser, human
activities are releasing largerr guantities of sulphur dioxide
into the atmosphere than natural phenomena. Some of these
sources are:

1. Coal- fired Power Stations
In South Africa, the sulphur content of coal used in power
stations is approximately 1,2% by mass. This is less than
the mass %4 of sulphur in coal used in the Northern
Hemisphere. Howsver the low-grade quality of the coal
results in comparatively larger guantities being burnt.
Ultimately the rate of production of sulphur dioxide is
very similar to tnat in the Northern Hemisphere.

2. Roasting of Metal Ores containing Sulphur
The production of some metals reguires the heating in air
to very high temperatures ("roasting") of metal ores (rock
material containing minerals). Some of these minerals are
metal sulphides eg. copper(l) sulphide and lead(II}
sulphide.
In copper praduction the roasting of copper(Il) sulphide
results in the formation of copper metal.

Cu=8 + 0p ———3 20u + S0=
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During the production of lead, lead(II) sulphide is
roasted to form lead oxide.

2PbS + 30z ———> 2Pb0 + 280

In general, roasting of sulphides produces sulphur dioxide,
as the above examples show.

3. Coal Mining Operations
Emissions of sulphur dioxide result from the spontaneous
combustion of coal in underground ccal-seams and in mine
dumps.

4., Domestic Combustign of Coal
The domestic combustion of coal (for cooking and heating
purpases) contributes significantly to the release of
sulphur dioxide into the atmosphere. In winter in the High
veld, domestic emissions of sulphur dioxide exceed those
of industry (Unit 3). Electrification of homes does not
always solve the problem. For example in Soweto, all of
the 83 200 formal houses have electricity, vet in two
thirds of these houses, coal is still used for heating
water and to provide wavrmth.

5. Other Industries
Sulphur dioxide is also formed as a result of processes in
paper and pulp production, and in brickworks.

Sources of Nitrogen Oxides (NG.)

Natural phenomena such as lightning and the action of
bacteria in soil, ars sources of nitrogen oxides in the
atmosphere. The concr.butions by natural sources autweigh
those produced by human activities. Nevertheless, the
nitrogen oxides from human sources contribute to the
increased acidity of precipitations. The major source of
nitrogen oxides from human activities is high temperature
combustion (Unit 3). High temperature combustion is a feature
of:

1. Coal—-fired Power Stations
Nitrogen, which is 2 component of coal can react with
oxygen in the air to produce nitrogen oxides. In addition,
because of the high temperatures involved, nitrogen
present in the air can also react with oxygen in the air.

2. Motor Vehicles
The high temperatures found in internal combustion
engines, result in the nitrogen in the air reacting with
the oxygen of the air to produce nitrogen oxides.
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These primary air pollutants, sulphur dioxide (80z) and
nitrogen oxides (NO.), are tlien involved in a series of
reactions during which secondary air pallutants are formed.

Reactions of Sulphur Diaoxide

Sulphur dioxide reacts with oxygen in the air to produce
sulphur trioxide (a secondary air pollutant).

280= + 02 —>280=

Sulphur trioxide reacts with water in the atmosphere to form
sulphuric acid (a secondary air pollutant).

S0= + HaQ -——> H=x2804
In addition, sulphur dioxide reacts with water in the
atmosphere to form sulphurous acid, H=80x (a secondary air

pollutant).

8S0= + Hz0 ———5 H=80=x

Reactions of Nitrogen Oxides, NO,.

The two major nitrogen oxides are nitrogen monoxide, NQ, and
nitrogen dioxide, NOz=. 8ince most nitrogen monoxide is
ultimately converted to nitrogen dioxide we shall only
consider the reaction of nitrogen dioxide.

Nitrogen dioxide reacts with water in the atmosphere to
produce nitric acid (HNO=) and nitrous acid (HNO=). Nitric
acid and nitrous acid are secondary air pollutants.

ZN0= + Hz0 ———> HNOx> + HNO =

Nitric acid is a strong acid, similar 1in strength to
sulphuric acid.

(Other more complex reactions can take place involving czone,
the hydroxyl radical and the sclar radiation from the sun,
but we shall not study those reactions here.)

The Effects of Primary Air Popollutants (S0=, NO.) and
Secondary Air Polliutants (H=804 and HNO=)

Sulphur dioxide, soot and fog combined to produce the
episode of classical smog described in Unit 5. Althouagh
measures were taken to reduce the effects of these air
pollutants and prevent such an episode from occurring again,
sulphur dioxide still contributes to damage on 1life, the
environment and materials.
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Primary air pollutants, sulphur dioxide and nitro 2n
oxides released into the atmosphere, may react with whe
surfaces of materials and vegetation, close to the source.
This is termed dry deposition. Weather conditions giving
rise to stable atmospheric conditions (eg temperature
inversions) can result in the accumulation of these
pellutants. Tall chimney stacks were introduced to reduce
this type of deposition by allowing winds and turbulence to
dilute and disperse these pollutants. However they do not
always provide the anticipated soclutions: gases such as
sulphur dioxide and nitrogen oxides may be transportad
hundreds of kilometres before reacting with water in the
atmusphere and being deposited in rain, snow or hail. This is
termed wet deposition.

Diagram Showing the Dry and Wet Deposition of S0z and NO.

H=80s

HET DEPOSITION

S0= Chemical N
Conversion

N

DRY DEPGSITION

NO= HNO=

Let us study the effects of dry depositigns:

1. Drv Depositions of S0=»

Plants and trees may be affected by sulphur dioxide.
Bleaching of leaves termed chlorgsis, occurs during lang
periods of exposure. Sulphur dioxide may supress growth
and thus reduce crop yields. Some plants eg lichens are
very sensitive to sulphur dioxide concentrations. In fact,
observation of the abundance of lichens is used to
estimate sulphur diaoxide concentrations.

Respiratory problems may occur in humans.

Sulphur dioxide can cause paints to dry and harden and
metals such as iron and zinc, to corrode. Nylon is damaged
by sulphur dioxide.

2. Dry Depositions of NO,

Nitrogen oxides do lead to plant damage. However it is
difficult to assews which effects are directly from the
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of

3.

nitrogen oxides and which are the effects of secondary
pollutants formed by photochemical reactions of nitrogen
dioxide. At low concentrations nitrogen dioxide appears to
stimulate growth.

Nitrogen oxides are potential health hazards.

Nitrogen oxides can cause fading of some textile dyes.

Wet depositions of 80z arnd NO, lead to increased acidity
precipitations which have the following effects on:

Lakes

In Scandinavia, lakes are often found on beds of granite
rocks. These lakes are very sensitive to increased acidity
of precipitation as there are very low concentrations of
dissolved substances which could counteract (neutralise)
it. Freshwater fish are very sensitive to increases in
acidity and this has resulted in many lakes in
Scandinavia, having no fish populatians. Lakes containing
slaked lime (calcium hydroxide) are able to neutralise the
acids and fish populations have not been so seriously
depleted. Lime (calcium oxide) is added to some lakes to
prevent the damage associated with increased acidity.

Soils

Low concentrations of nitrates and sulphates resulting
from reactions of the sulphuric and nitric acids in rain
and campounds in the soil, may initially improve the
guality of coils. (They are fertilisers). However the
accumulation of such compounds may cause the quality of
the so0il to deteriorate. Farmers are able to control the
guality of soils for their crops by adding compounds such
as lime to the soil. Problems arise in natural
environments where the gquality of the soil is not
continuously monitored and adjusted.

Vegetation

It is reported that many forests in America and Europe are
dying because of the adverse effects of the increased
acidity of precipitations. It has been suggested that this
leads to the dissolving and subsequent washing away of
salts of magnesium and calcium which are essential plant
nutrients. However the damage to vegetation is difficult to
assess; trees seem to be affected by a combination of
increased acidity, increased ozone concentrations, scil
types, forestry methcds, pests and drought. Forests
themselves contribute to the acidity of the soil in which
they grow. Thus the damage to vegetation is not yet fully
understood.
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4. Materials

Materials (eg. marble, limestone, slate and cement) which
contain carbonate compounds are affected by increased
acidity in precipitations. This is because the acids
convert the insoluble carbonates intoc soluble compounds
which are then washed away.

eg. Lallx + H=804 —————3 £a80a4 + €0z + H=0
(insoluble) (soluble)
To control this form ot air pollution measures are being
taken. These measures involve reducing the quantities of
primary pollutants, sulphur dioxide and nitrogen oxides, that

are relsased into the atmosphere. We snall study some of
these measures in Units 9 and 10.
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Learning Objectives for Unit 7

On completing this section students should be able to:

7.1 Explain that rain is naturally acidic.

7.2 Explain the terms "precipitation”" and "acid rain”.

7.3 Name the substances that give rise to the increased

acidity of rain.

7.4 Name the gases (primary air pollutants) which are
being released into the atmosphere and which contribute
to the problem of increased acidity.

7.5 Describe the origin of these gases from natural
spurces.

7.6 Describe the origin of these gases +rom human
activities.

7.7 Compare the contributions of natural sources and human

activities to the total global release of these gases.

8 Explain the terms dry deposition and wet deposition.

.? Describe the effects of both dry and wet depositions of

these gases on vegetation, the environment, health and

materials.

7.10 Interpret graphical data showing contributions of human

activities to the total releases of these primary

pollutants.
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Worksheet 7(a} "Petronella van Stinkblaar’s Pantihose"

Read this passage and then answer the questions that follow
on the next page.

"Acid rain made the news headlines in Caps Town as early as
April 1973. Female office workers in the vicinity of downtown
Table Bay power station complained of pollution-laddered
stockings and pantihose. It was reported that one woman
claimed she lost one new pair of pantihose in this way each
day! Ancother worker received mild acid burns to her face.
neck and arms from pollution fall-out while she walked
through the city.

A daily plume of dense white smoke would pour forth from
the stacks of the oil-fired electricity plart in Dock road
and then descend on the lower slopes of Table Mountain, near
the prestigicous Disa Park flats complex. Burglar—-bars and
steel railings corroded, plants wilted and residents suffered
from obvious eye, nose and throat irritation. At the new BP
centre, close to this wource of air pollution, the air
conditioning system was cseverely corroded aftter only two
years in use.

Cape Town is situated in & bowl-like setting, surrounded
by mountains on one =ide and the ocean on the other. This
setting produces a notorious "inversion effect" in which air
pollutants are trapped over the city. However under different
wind conditions, chemical emissions from local power plants,
factories and motor vehicles can travel as far as the Hex
River Valley befoire:s acid rain falls.

Operations at. the Table Bay power station were phased
out over 1973-74 53u a result of the escalation of oil prices
and lccal environmentalist pressure.”

(An adaptation of #rn article in "Rotating the Cube"-
Indicator Project South Africa)
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Questions

Please answer on a separate sheet of paper.

1.

2.

3.

4.

S.

10.

11.

Explain the meaning of the term "acid rain".

What does the phrase "chemical emissions" (from power
plants, factories and motor vehicles) mean?

Make a list of the effects of the air pollutants as noted
in this article.

Mame (and give the formulae) of the air pollutants you
believe are the main contributors to these effects.

What activities in the city were contributing to thsse
air pollution problems?

Why was pil combusted in the Dock road (Table Bay)
power station?

i) Explain what is meant by the notorious ''inversion
effect"?
ii) Discuss the role played by this effect in the problems
of air pollution discussed in this article.

Describe the ways in which the air pollutants giving rise
to Yacid rain'" in the city and neighbouring regions, are
deposited. (Quote passages from the article to
substantiate your answer.)

Explain why the deposition of "acid rain"” over the Hex
River valley is a matter of concern?

The Dock road (Table Bay) power station 1is no longer in
operation. How does ESKOM generate electricity in this
region now?

Althoug:: the Dock road (Table Bay) power plant is no
longer it: aperation, air pollution problems still persist
in this rovion. In July 1991, the concentrations of some
air poiiur.nts were as much as 30% higher than the
racommended limits suggested by international standards.
Explain why you think this is so.
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Waorksheet 7(b) Lichens as Indicators of Sulphur Dioxide
Concentrations.
Lichens are plants which respond readily to air pollution.
They are found in urban and rural environments. They grow on
walls, buildings, roofs, trees, rocks etc. The less the
polliution of the air in which they are growing, the greater
the variety of lichens you will find. Polluted air supports
a smaller variety of 1lichens although there may be many
lichens of the same variety. In rural, unpolluted areas, 12
or more types of lichen may be identified. In urban, polluted
areas, only one or two (if any) species may be found.
The table below may help you identify some of these varieties
(forms) of lichen:

Variety/Form Description

Powdery Bright green or yellow, easily rubbed of+f
(in fact this form is not a lichen)

Crusty Flat, cracked. Very difficult to rub off.
Grey or green.

Leafy Flat with small, crinkly leaves. Easy to
remove. Can put fingernail beneath them.
Many colours including yellow, orange,
green, grey, white and black.

Shrubby Bushy, or long and straggly with circular and
flat branches. Grey and green.

Method

1. Select a surface such as a tree or a concrete wall.

2. In a number of different environments count the numbers of
different forms of lichen found on such a surface.

3. Make a record of the type of surface you selected for your
observations and the types of environment in which you
were able to find this surface.

4. The abundance of lichen forms has been related to
concentrations of sulphur dioxide present in the air as
shown in the table below:

POLLUTION LICHEN FORMS CONCENTRATION S0=

IN/—A—ﬂ m—

Very No lichens 170

polluted

Polluted Powdery and crusty 125 - 130

Slightiy Powdery, crusty 40 - 70

Polluted and leafy

Unpolluted Powdery, crusty, leafy 30

and shrubby

Use this table to estimate the sulphur dioxide concentrations
in the environments you studied.
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Worksheet 7(c) Graphical Interpretation

The increased acidity of rain in Europe and America has been
researched <or a longer time than that in South Africa. Data
from Europe (Sweden) is presented in this exercise. The
contributions are shown of various activities to the primary
air pollutants that give rise to the increased acidity in
precipitations.

Look at the graphical data and then write a paragraph in
which you discuss the activities and their contribution to
the problem of increased acidity in precipitations.
Comment, as well, on the ¢trend in quantities of the gases
formed and released into the atmosphere.

Graphical Data focr the Release of 80z _into the Atmosphere
in Sweden
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Graphical Data for the Release of NO. into the Atmosphere
in Sweden
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Worksheet 7{(d) Monitoring Rain

Reguirements
1 empty 2 litre plastic cooldrink bottle

40 - 350 plastic bags (these can be washed and re—used)
elastic bands

Universal pH indicator paper and colour chart

1 plastic spoon

1 compass

1 flag or piece of material

A map of your area.

2. Fizing to Post
R Bkt

i, Cutting Bettle

Methad 3. Checking

1.
2.

4.
3.
&

Cut the plastic bottle open as shown in the diagram.

Fix the bottle to a post with a strong elastic band.
Choose a site out in the agpen, away from overhanging trees
or buildings (and away from inquisitive peaople and
animals!)

Every morning, at the same tima, put a clean plastic bag
into vyour collecting bottle. (Use another plastic bag as
a glove - you must not touch the inside of the collecting
bag as the sweat on your hands is acidic.) Use an elastic
band to fix the collecting bag to the bottle.

Check the wind direction using the +lag and compass.

Every evening, test the pH as shown in the diagram.

Keep a record for a period of about 20 days.
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Record of Results
Keep a record of your results under the headings:

Date pH Wind Direction Contamination

eg. dirt, leaves,
hbird droppings.

Analysis of Results

1.

2.

3.

4.

5.

Ldapted from

Use eight wind direction categories:

N, NE, E, 8E, §, SW, W, NW.

List the pH values for the rain under a wind direction

category and then find the average pH of the rain in sach

wind direction category.

Plot a grapih of averaye pH (on the vertical axis) against

the wind direction categories.

Analyse your results bearing in mind the following

guestions: (You will probably need to look at a map of

vour area to assist you in your analysis.)

i) Are there any local sources of air pollution which may
affect the acidity of the vain water? {(eg. busy roads,
power stations, industries, large town etc.)

ii) Do your results indicate long distance pollution
from known industrial sites?

Write a short report of not more than a page, on the

analysis of your results from this investigation.
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Worksheet 7(e) Simulating "Dry Deposition”

Be careful not to inhale the gas made during this simulation.
Use a fume cupboard if there is one available or perform the
experiment in the open air outside the classroom.

Requirements

1 glass trough (or a large dish)
1 giass plate

1 small dish

1 deflagrating spoon
powdered sulphur
some apple skin

a piece of pantihose
a few marble chips
matches

pH paper

Bunsen burner

Diagram of Apparatus

geflagrating spoon

trough or disi

burning suloher

pantihase

appie SR

Method

1. Observe the condition of the apple skin and piece of
panti-hose and place them inside the trough.
(Stretch the pantihose over a small metal frame for better
exposure.)

2. Fill the small dish with some tap water. Place the marble
chips in the dish of water and cbserve their appearance.
Measure and record the pH of the water using somne pH

paper.

3. Place the dish of water (and the marble chips) inside the
trough.

4. Half—-fill the deflagrating spomn with some powdered
sulphur.

5. Light the Bunsen burner and ignite the sulphur by holding
the spoon over the burner until you observe a blue
flame.

6. Quickly insert the spoaon into the trough and cover as much
of the trough as possible with the glass plate.

7. After 2 minutes, remove the spoon and guickly cover the
trough with the glass plate. Extinguish the flame under a
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dripping tap.

8. Leave the contents of the jar for approximately half an
hour

9. Remove the glass plate and measure and record the pH of
the water in the dish using the pH paper. ’

10.Remove the apple skin, pantihogse and marble chips from the
trough. Observe and note any changes in their appearance.

Observations

Before 80 formation After S0 formation

i. pH of water

2. Object Changes in Appearance

Apple
Skin

Panti-
hose

Marble
Chips

Explanations
Please write your answers on a separate sheet of paper.

1. Write a balanced equation to represent the combustion of
the sulphur.

2. Explain why the pH of the water in the dish changed.
(Include any chemical equations you feel are important
in your explanation.)

3. Explain the changes you observed in the marble cnips.
(Include any equation{(s) you feel are important)

4, Relate your answer to (3) to the damage shown in the
picture on the next page.
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fippearance of a Sculpture

in Germany built in 1702:

Taken fros
Inside Chemistry
by . Coapton.

5. Explain the changes you ocbserved in tha apple skin and the
pantihose.

&. Name four activities that give rise to this primary air
pollutant, S0=.

Experiaent i5 adapted froa page 189
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Splutions to Worksheets for Unit 7

Worksheet 7(a) “"Petronella van Stinkblaar’s Pantihoseg"

1.

2.

3.

YAcid rain" is any precipitation (rain, snow, hail, dew;
frost) that has a pH value less than 5,6.

The phrase “"chemical emissions" means the substances
which are vreleased into the atmosphere as a result of
chemical reactions taking place during the combustion
process in the power stations, during Iindustrial
processes and during the combustion of petrol in moitor
vehicles. Most of these chemical substances which are
released are aiv pollutants.

Laddered stockings

Mild acid burns to the face, arms neck

Corrosion of burglar—-bars, steel railings

Plants wilted

Eye, nose, throat irritation

Corrosion of aivr conditioning system after 2 years

S0z and NO. (NO and NOz}
fe. sulphtuy dioxide and nitrogen oxides (nitrogen monoxide
and nitrogen dioxide)

The combustion of oil at the power station
Industrial processes at fFactories
Combustion of petrel in motor vehicles

0il was combusted because Cape Town Is far from the coal
fields and the large power stations in the Transvaal.

It was more economical to use oil (transported to

Cape Town by oil tankers.)

{i) The notoriocus "inversion effect" Iis a temperature
inversion which gives rise to stable air conditions.

(ii) Air pollutants are not dispersed and accumulate in the

atmosphere above Cape Town.

“Worker received mild acid burns.....from pollution
fall-out " 15 a sentence used in the passage.
"Pollution fall—-out" is usually termed dry deposition.

In this deposition, S0=(g}) and NO. (g’ react directly with

the surfaces of substances that these gase come inteo
contact with.

VChemical emissionS.........Hex River Valley before
acid rain 115", is a sentence in the passage.

"Acid rain talls" refers to wet deposition of S0z and
NO.. . 80z and NO.. react with water droplets to form
Hx80+ and HNOx and are deposited in the rain.
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?. This valley is a wine-producing region. Acid rain damages
the vines and the grapes. This affects the gquality of the
wine produced. This has economic consequences.

10. ESKOM generates electricity Ffrom the Koeberg nuclear
power station, situated 40 km from Cape Town.

11. Air pollution is still caused by other industries and
the ever—-increasing numbers of motor vehicles in the
city. Increased urbanisation and population graowth
contribute to the air pollution. Photochemical smog
remains a serious problem in the city.
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Worksheet 7 (c) Graphical Interpretation

Release of S0

Combustion of oil (since 1953) releases more S0= than
the combustion of coal. Since «~ 1957, the combustion of
o1l released more S0» than industrial processes. The
combustion of wil is used in power stations and for
transportation. Since 1973, the release of S80= by the
combustion of oil and industrial processes has been
steadily reduced. This is most probably due to improved
technclogy to reduce SO0x emissions.

Emissions of 80 from coal have been steadily declining
since 1950 ~ possibly because of a reduction in the use

of coal as & fuel.

Release of NO.

Transportation produces more NO, than does the
combustion of coal and incdustrial processes. Industry
produces the smallest quantities.

After the steady increase to 1970 -1975, emissions of
NO,. have remained more or less constant (although

the use of processes which release NO. has probably
increased). Catalytic converters have probably been used
on moto+r vehicles to reduce the releese of NO.. Improved
methods of combustion in power plants (power stations)
and improved technalogy have probably reduced the
release of NO. .
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Workshiget 7(e) Simulating "Ory Deposition”

Observations

I. pH should decrease after the formation of S0z in the

trough.

2.
Object Changes in Appeararice
Qople Pale (white) marks appear on
Skin the skin
Panti- Holes develop
hose
Marble Surface changes and
LChips crumbles

Explanation

Z. Sts) + Dalg) —3 80=(g)

2. (i) SO0z reacts with U= to form S0=
280=(g) + O=(g) ——> 280=(g)
S0x(g) reacts with water to form sulphuric acid
S0=(g) + Hz0(1) —> Hz804(aq)

(i) In additinn S0x(g) can also react with water
to form sulphurous acid

SO=tg) + HzD(g) ——> H=50=(g)

Because of the formation of these acids, the pH is
less.

J. The sulphuric acid formed reacts with the marble to form
another compound, CaS80«, which crumbles away.

CallOx=(s) + H=280a(aqg) ——> LaS0aq(aqg) + H=0
marble sulphuric calcium

calcium carbonate acid sulphate

4. The damage shown in the picture is caused by the reaction
quoted in (3). The calcium sulphate Fformed is scluble in
water and Is washed away Iin the rain.
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5. 80=x reacts with compounds making up the skin of the apple
and making up the nylon of the pantihose.

6. (a) Combustion of coal
(b) Coal mining operations
(c) "Roasting" of ores containing sulphur

page 154



UNIT 38

The Control
of
Air Pollution
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Introduction to Unit 8

In this Unit we shall study the control of air pollution
by the following means:

A. The Natural Removal of Air Pollutants from the Atmosphere
B. The Law

C. International Agreements

D. Research Organisations

E. Environmental Groups

A. The Natural Removal of Air Pollutants from the Atmosphere

To maintain the constant concentration of substances in
the atmosphere (a steady state), the rate at which these
substances avre released into the atmosphere should egual
the rate at which they are removed from the atmosphere. (See
Unit 2. Bolid and ligquid air pollutants may eventually drop
out of the atmosphere and be deposited on surfaces. BGaseous

pollutants may dissolve in droplets of water 1in the
atmosphere and be deposited in vrain, snow, hail, frost and
dew. Air pollutants may also undergo chemical reactions with

other substances present in the atmesphere and be converted
to less harmful substances.

During these processes of change and removal, there is

aften an interaction between the atmosphere, the 1land
(lithosphere) , the oceans, rivers, lakes etc (hydrosphere)
and living systems (biosphsre). A change occurs in the
distribution of substances from the atmosphere by means of
chemical and/or physical processes. This redistribution aof
substances can manifest itself in cycles, for example
carbon_ cycle (Unit 6). Other cycles involving elements such

as nitrogen, oxygen and sulphur occur. Air pollutants are
trace components of the atmasphere and Fform a part of these
cycles. On the next page is a diagram of one of these cycles,
+for example the nitrogen cycle.
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In the troposphere, the hydroxyl radical, (OH) is a very
important species that takes part in the chemical conversion
of some air pollutants (eg. methane, carbon monoxide, sulphur
dioxide, nitrogen oxides, etc). Its concentration in the
troposphere 1is approximately 0,00001 ppb. This concentration
is wvery small but the hydroxyl radical is very reactive. The
hydroxyl radical is formed mainly by the following processes:

i) A small amount of ozone drifts across the tropopause and
enters the troposphere. Ozone absorbs solar energy with a
wavelength less than 310 nm, and reacts to Fform oxygen
molecules and highly reactive oxygen atoms.

hv
O= 3> O= + o (Bee Unit 4)

AN < 310 nm

ii) The oxygen atoms produced react with water molecules
present in the troposphere to form hydroxyl radicals.
0 + H=0 —————> 20H

Some examples of reactions of this radical are the
following:

a) Reaction with methane

CHa + OH ———> CH= + H=0

The methyl radical produced reacts with oxygen in the air
to form organic compounds which may ultimately be converted
into carbon monoxide. The hydroxyl radical is able to react
readily with any compound containing a carbon—hydrogen bond.

b) Reaction with carbon mongxide

The carbon monoxide generated in (a) and the carbon
monoxide released directly into the atmosphere, reacts with
the hydroxyl radical to form carbon dioxide and water.

co + 20H —~————3 CO0x + H=0

c) Reaction with sulphur dioxide
Sulphur dioxide rveacts with the hydroxyl radical to form
a reactive sulphur containing radical, HOB80=x.

S0= + OH ———>»H080=

page 198




This sulphur—-radical +Further undergoes a series of complex
reactions to form sulphuric acid, H=S50a.

The sulphuric acid produced may be removed from the
atmosphere when it dissolves in precipitations such as rain,
snow etc.

d} Reaction with nitrggen digxide
Nitrogen dioxide can react with the hydroxyl radical to
form nitric acid.

ND= + OH —— HNO=

The nitric acid produced may be precipitated in rain
etc.

The ease with which substarnces can be removed from the
atmosphere is reflected in the results of calculations of
average times that substances remain in the atmosphere.

Table showing the Average Times Some Substances remain
in the Atmosphere

Substance Average Residence Time in the Atmosphere
CcOo months
CO= “~~100 years
CHa w10 years
NO,. days
S0= days - weeks
CFCs 60 — 100 years
N=0 w170 years

Since the Industrial Revolution in the 19th Century, the
rates at which some substances are being released into the
atmosphere have exceeded their rates of removal from the
atmosphere, by natural processes. The result is that some
substances are accumulating in the atmosphere. For example,
at present the concentration of cerbon dioxide is increasing
by 2,3% per year. The concentration of methane is increasing
by 1,7% per year. (8See graphs Unit 2.) Human activities are
a major scurce of the substances giving risa to the problem
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of aivr pollution. It is necessary for humanity to control
the release pf air pollutants into the atmosphere. Some
aspects of this control are enforced by the Law.

B. The Law

We snall focus on the legal airv pollution policy for the
Republic of Bouth Africa. An official investigation into the
desirability of air pollution control was conducted in 193S.
This led to the promulgation of the Air Pollution Prevention
Act in 1965. Air pollution control became the responsibility
of a number of officials in the Department of Health and
Population Development under the guidance of the Chief Air
Pollution Officer. The aim of this legislation is to prevent
the concentrations of air pollutants exceeding those that are
safe for humans and the environment.

To achieve this, control is exercised over:

1. Industrial Pollution
The extent of air pollution is monitored. The release of
sulphur dicxide, nitrogen oxides, volatile hydrocarbons,
visible particles and other poisonous gases is limited.
This is achieved by the installation of air cleaning
equipment and regular inspections of industries. New
plants are fitted with the latest air cleaning eguipment.
Research is conducted into problems and possible
solutions.

2. Smoke Pollution
Legally acceptable concentrations of smoke in residential
areas have been established.

3. Dust Control
Measures for controlling dust from mining operations and
mine dumps, are stipulated.

4. Veghicle Epissions
Visible smoke from vehicles is not allowed. The
concentrations of lead compounds in petrol are being
reducead. The release of hydrocarbons from exhausts is
controlled.

To control air pollution, guide 1lines for acceptable
concentrations of air pollutants (for example sulphur
dioxide, nitrogen oxides and ozone) are given.




Table of Acceptable Concentraticns of Some Air Pollutants

(R84
Pollutant Concentration (&g m™™)
Period ’
1 hour 24 hour 1 vear
80= 780 265 80
NO,. 1080 3540 270
O 240 100 -

Equipment for reducing air pollution is very expensive
ta irmstall and operate. & recent csurvey has shown that, in

the Republic of South Africa, the industrial sector has
installed air cleaning eguipment costing more than
R2500 million over the last decade. Annual operation costs
more tham R100 million. Therefore, in finding solutions to

air pollution problems, a halance has to be found betwean
what is essential for a safe and healthy environment and what
can be affarded by industry. This methad of control is

referred to as control by the best practicable means. This
flexible and adaptable method is found to be most suitable
for a developing country like South Africa.

Some areas in South Africa present bigger air pgllution
problems than others. 8Such areas have greater priority with
respect to aivr rollution control. These areas are:

The Pretoria-Witwatersrand area.
The Eastern Highveld.

The Greater Durban Area.

The Western Cape.

The South African Air Pollution policy allows for
participation in international treaties and agreerents.

C. International Agreements

Global air pollution problems have arisen because of the
production and use of CFCs. These CFCs are wused as
propellants in spray <cans, as blowing agents in foam
plastics, as vrefrigerants in refrigerators, freezers and
air-conditioners and as solvents for cleaning electronic

equipment. (See Unit 4.) In 1985, research findings were
released which indicated that CFCs are largely responsible
for stratospheric ozone depletion. In 1987, 392 nations

signed an agreement, the Mantreal X Protocel, to reduce their
use of CFCs by S04 by 1999. At a United Nations conference in
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Helsinki in 1989, B89 nations signad an agreement calling for
an end to the production and use of CFCs by the year 2 000,
South Africa signed this agreement. AECI is the sole producer
of OCFCs in South Africa but its products are used by a large
number of other industries.

The cost of Ffinding and manufacturing alternative
products, has resulted in some nations eg. China, refusing to
comply with these conditions. We shall study some of the
alternative products in Unit 10.

The possibility of an enhanced greenhouse effect, is
aisp a global air pollution problem. The problem of increased
acidity in precipitations such as rain and snow is leading to
regional air pollution problems often crossing the borders of
countries. It has been suggested that an International Law
of the Atmosphers should be formulated to contral the release
of gases which contribute to these problems.

D. Research Organisations

In many countries around the world, the atmasphere is
being carefully monitored and researched. Research teams use
sophisticated technology which can identify and measure the
concentrations of the components of the atmosphere. In South
Africa, a monitoring station at Cape Point provides valuable
information on the composition of the atmosphere in the
Southern Hemisphere. The Council for Scientific and
Industrial Research (CSIR), in Pretoria has a division for
Atmospheric Research. Some South African universities are
also conducting research into air pollution problems.

The pooling of vresearch findings From many disciplines
such as biology, geography, geoclogy, chemistry, physics,
results in a deeper understanding of the problems of air
pollution. With this understanding comes the search for and
development of solutions to the problem.

E. Enviromnmental Graoups

In the 1960°s, Rachel Carson wrote a book, "The Silent
Spring". This book emphasised the problems of environmental
damage. During the 1980's, public awareness of global
environmental problems began to grow. The protection and
preservation of the environment became the aim of many groups
and societies, Far example the "Greenpeace movement".
Pressure is exerted by thess groups/societies at 1local,
national and international levels. Emphasis is placed on the
participation of the community in decision making.
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“"Green" politics emerged in countries like West Germany.
Green political parties give prominence to environmental
issues.

The contribution of many of these “green® pressure
groups has besn very valuable in the control of environmental
issues such as air pollution. However the response of some
groups to environmental problems has been emotional and
inaccurate. 8Bolutions offered by such groups are sometimes
unrealistic and too idealistic.

The emergence of 'green’ movements indicates that
communities ard the public at large will becoma more deeply
involved in the formulation of solutions to the problem of
air pollution in the future.

In Units 9 and 10 we shall study some of the measures
being taken to control air pollution.
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Learning Objectives for Unit 8

O0in completing this unit students should be able to:

8.1

Describe the role played oy natural processes in the
removal of air pollutants from the aztmosphere.
(Details of the carbaon and nitrogen cycle need not be
recalled.)
Explain the difference between the hydroxyl radical
and the hydroxyl (hydroxide) ian.
Explain (with the aid of equations), the formation of
the hydroxyl radical in the atmosphere.
fluote equations showing the reaction of the hydroxyl
radical a) with carbon monoxide and

b) with nitrogen dioxide
Explain why some trace components of the atmosphere
are accumulating and giving rise to prablems af air
pollution.
Briefly discuss the control of air pollution in South
Africa by legislation.
Discuss the caontrol of global air pollution by
international agreement eg. the Montreal Protocol.
Discuss the role played by technology and research in
cantrolling aiy pollutian.
Discuss the role played by environmental groups in the
control of air pollution.
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Worksheet 8(a) The Natural Removal of Air Pollutants from the
Atmosphere

Please write your answers on a separate sheet of paper.

Task 1

The concentration of the hydroxyl radical in the atmosphere
is very small (0,00001 ppb !). Yet the hydroxyl radical plays
a very important role in the chemistry of the troposphere.

i) With the aid of Lewis diagrams, explain the difference
between the hydroxyl radical and the hydroxyl
(hydroxide) ign.

ii) Why is the hydroxyl radical so reactive?

Task 2
With the aid of eguations show how the hydroxyl radical is
produced in the atmosphere.

Task 3

Nitrogen oxides may be removed From the atmosphere by a
number of natural processes. Discuss two of these processes.
(Make use eof chemical equations to clarify your answer.)

Task 4
Explain the removal of carbon monoxide by natural processes
from the atmosphere. (Make use of chemical eguations to

clarify your answer.)

Task 3
I+ air pollutants are able to be removed from the atmosphere
by natural processes, why is air pollution a problem?
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Worksheet B8(b) Controlling the Use of CFCs

Look at the data given below and answer the auestions that

follow:

109
1 Use )
w;

of
&9

tFis
40
20

t nuoted a2z 2 4 of 1986 use 9
i

383 1590 1991 1993 1994 199% 19% 1997 1998 1999 2000

Year

Questigns
Please write your answers on a separate sheet of paper.

1.

10.

What are CFCs?
What are the uses of CFLCs?

Name articles in your household that reguire the use of
CFCs in their manufacture.

Briefly describe the proposed trend in usage of CFCs
fraom 1986 to 2000.

Why is it believed that this trend in CFC usage should be
closely adhered to?

By what means are some nations of the world committed to
this trend in CFC usage?

Why have some nations not committed themselves to this
proposed trend?

Has South Africa committed itself to this proposed trend
in CFC usage?

Name the company that is the sole producer of CFCs in
South Afraica.

Discuss some of the implications and possible problems
this company is facing with regard to CFC manufacture.

Will the environmental problems linked to the use af

CFCs be immediately solved if the manufacture of CFCs
ig stopped? Explain.
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Worksheet 8(c) "Greenies"”

This man coocked some porridge on the electric stove. He ate
it with milk from the fridge. Then he washed his hands with
some sgap and hot water. He left his heated hame and drove to
the protest meeting in his car.

Instructions
Write a short comment (not more than 1 page) entitled:

"The Involvement of Grezn Movements in the Problem of
Air Pollution®

Glasses:
_Sand mining

Placard:
Woodchip
from Trees

Rims:
Aluminium mining

Plastic Badge:
Nail: 0il Mining

Iron Mining

Cotton:
Pesticides

Wool:

Sheep Wallet:
Animal Skin

Ring:

Gnld mining Plastic Button:

Chemical Industry

Leather:
Animal Skin

Rubbeyr Sales:
from Trees
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Solutions to Worksheets for Unit &

Worksheet 8(a) The natural Remaval of Air Pollutants from the
Atmosphere

Task 1

(i) Hydroxyl Radical Hydroxyl (hydroxide) ion

:'CS:H f:;(‘)::H]
R L Q

an unpaired electran has gained an extra electron

(ii) The presence of the unpalred electron makes the hydroxyl
radical very reactive.

Task 2

(i) A small quantity of ozone slowly drifts down Iinto the
troposphere and is dissociated into molecular oxygen and

atomic oxygen.

A < 310 nm

(ii) Oxygen atoms react with water molecules to form hydroxyl
radicals.

a + Hz0 ———>20H

Task 3
(i) 2NOz  +  Hz0 ———> HNO=  + HNO =

This is the formation of acid rain. The nitrogen
dioxide reacts with droplets of water in the
atmosphere. The nitric acid (HNO=x) and the nitrous
acid (HNOz) are removed from the atmasphere by the
precipitation of rain, snow etc.

(11) NO= + OH —————3 HNO=
Nitrogen dioxide reacts with the hydroxyl radical

to form nitric acid. The nitric acid is removed from
the atmosphere by the precipitation of rain, snow etc.
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Task 4

Carbon monoxide reacts with the hydroxyl radical to form CO=
and water.

co + OH ————s3 00> + H=0

The carbon dioxide may be removed from the atmosphere by the
precipitation of rain. (Carbon dioxide reacts with water to
form carbonic acid.)

CO0= + HzO0 ———> H=C0=x

The carbon digxide could alsoc be removed from the atmosphere
by plants using carbon dioxide during photosynthesis.

Task 5

The rate of removal af alivr pollutants by natural processes,
is less than the rate of release of aivr pollutants into the
atmosphere. This leads to increases in the concentrations of
these substances (air pollutants) Iin the atmosphere.




Worksheet 8(L) Controlling the Use of CFCs

1. Compounds whose molecules consist of carbon, fluorine and
chlorine atoms.

2. Used (i) as refrigerant gases
(ii) to blow tiny bubbles into foam rubber
(ii1) to blow bubbles into polystyrene
(1v) as solvents to clean electraonic equipment
(v) as propellants In aerosols

3. Fridges, air conditioners, electronic equipment (eg.
calculators?, computers, foam rubber (eg. for
mattresses), aeroscls (eg.deodorants), polystyrene (eg.
cups).

4. COFC usage should be reduced as follows:
(Percentages quoted are % of 1986 usage.)
By 1993 CFC usage reduced to 80Z
By 1995 CFC usage reduced to 350%
By 1997 CFC usage reduced to 15X
By 2000 CFCs should no longer be in use

5. CFCs are causing serious depletion of ozone in the
styratosphere.

6. Some nations have signsd the Montreal Protocol agreeing
to vreduce CFC praoduction.

7. It is very expensive to find and produce alternative
products.

8. Yes

?. AECI (Previously known as African Explosive and Chemical
Industry)

10. This industry I1s having to build new production plants
and provide new technology to produce alternative
products. The costs are tremendous.

11. No. CFCs will remain in the atmosphere for a long time -
Some of them +For ~~150 years! Therefore although the
production and use of CFCs are stopped, the depletion of
ozone in the stratosphere will continue until well into
the next century.
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Worksheet B(c) "Greenies"

¥ This worksheet could also be used to initiate a classyroom

debate.

Some comments on this exercise:

1.

It seeks to stress that we are all involved in the
problems of aiv pollution. We contribute to air pollution
by the products we buy. For example, those products shown
in the diagram involving mining, Industry, cutting down of
trees etc.

We also contribute to air pollution by gur activities.

For example, using cars, using fridges, using electricity
faor heating and ccoking etc.

Some students may +feel the cartoon "“"pokes fun at the
environmental ("green") movements. The exercise may

stir up some lively discussiaons!/

The cartoon is not used to mock the green movements.
(Cartoons are used throughout this teaching package.)

It is very important that we become aware of the
environmental consequences of our lifestyles,.

Green movements have and are playing very valuable roles
in the preservation of the envivronment. Sometimes,
however, the response of some groups to environmental
problems is emotional and inaccurate. For example, a
leading pharmaceutical company in Garmany finds that it is
very restricted by limitations placed on its functioning
by “"green politics". It is almost no longer economically
viabhle for the company to function. Consideration is being
given to moving the company to another country. This would
have serious employment and economic implications.

A balance must be found between the benefits offered by
the processes we use and the risk they pose to the
environment. It is not a sclution to stop or slow down
technological development. W2 must use ocur Iingenulity to
reduce any negative impact this technology presents for
the environment. The public, the "green" movements,
scientists, Iindustrialists, governments must all be
Iinvolved in the search for ways for us to live in harmony
with our enviraonment.
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UNIT 9

The Response

by
Industry




Introduction to Unit 9

Public awar 2ness and concern +or the environment is

growing. This is motivating indus%try and the business sector
to regard enviromnmental issues, such as air pollution, more
seriously. The environmental impact of industrial processes

is playing an ever increasing role in the decision—-making of
companies.

This is not only happening because of concern of
companies about their image but also because industry
realises that serious degradation of the environment will
ultimately have a detrimental effect on the viability of
industry itsel+f.

Air pollution is costly. Firstly because of damage:
damage to the health of members of society, damage to crops
and damage to materials etc. Secondly, air pollution is

costly in terms of control; the development and installation
of technology to reduce air pollution increases the running
coste of industry and ultimately the price of commodities
being produced. Thus in terms of the cost of damage or
control we all pay a price for the guality of the air we
breathe.

The graph below shows, gqualitatively, the costs of air
pollution 1in terms of damage and control. The total cost to
society is the sum of the two curves. Ideallyv. the best
balance between costs in terms of damage and costs in terms
of control occurs where the two curves intersect or where the
total costs to society reach a minimum.

Diaaram Showing Rir Pollution Costs in Terme of
Damaage _and Control

= Total ezt N

Little Pellution feavy Follution

fir Gualizy

fidapted from
Cheeloz - Chesistry in the Cospunity by the fserican
Cherical Society,




The control measures adopted by industry must maintain a
balance between the interests of the public who want clean
air, the industrialist who wants to make a profit, the
employees who want to keep their jecos and the government who
wants national prosperity as well as healthy and contented
citizens. This should lead to an open—ness on the part of
industry to the nature of the air pollution problems incurred
by industrial processes. The search for solutions should
involve industrialists, experts from scientific disciplines,
members of the public and government representatives.

The damage to life and the envircnment by air pollution,
has been dealt with in previous Units. In this Unit we shall
study some of the measures developed and used by industry to
control air pollution. At present must air pollution control
measures are employed at the end of processes, just before
the air pellutants are releaseu .into the atmosphere. Some
air pollution control measures involve technigues which are
integrated with the industrial process.

A. Measures to Control the Release of Particulates into the
Atmosphere

These measures involve th. use of electrostatic
precipitators, baghouse filters, cyclones and scrubbing
techniques.

1. Electrostatic Precipitators

Electrostatic precipitators operate by imparting a charge
to the particulates as they move  through a strang
elect~ cal field. The charged particles collect on plates
of opposite charge from where the particulates can be
collected. This technigue can remave up to ?9% of
particulates. Electrostatic precipitators are used on a
large scale for removal of

dust, eg. from cement kilns,
smoke, eg. processes involving the combustion of coal
fly—-ash, eg. from power stations.

a small amount of droplets of sulphuric acid mist,
eg. in acid manufacturing plants



Diagram of an Electrostatic Precipitator

Insulator
Liean gas

Shell .
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Earth Hire

+
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gaf witn ¥ ___Collacted Dust
1

artituiates

The electrostatic precipitator works as <follows. The thin
central wire (suspended by the weight) is charged negatively
to a very high voltage (40 - 60 kV). The air immediately

surrounding the wire is bombarded by electrons released from
the wire. Same molecules in the air gain negative charszs.
Some of these ions collect on the surface of particulates in
the gas stream passing through the precipitator. These
negatively charged particulates move towards the positive
(earthed) sections where they are discharged. A laver of
particulates several millimetres thick callects on the wall
of the precipitator. This layer is removed by tapping the
tubes.

2. Baghouse Filters

The baghouse filter 1is a large scale version of the house
hold vacuum cleaner. The substances released are passed
through & cleaning room {baghouse) where huge filters made of
fabric trap up to 904 of particulates. The choice of fabric
determines the efficiency of the filters. A asimple filter
housed in a steel rcasing is shown in the diagram.

The fabric 1is arranged in tubes (or sleeves) supported on
wire frames. The gas containing the particulates, passes
through the fabric sleeves. The particulates adhere tao the
fabric. In due course, a layer of particulates builds up on
tne fabric thus reducing the Fflow. To remove this laver,
compressed aivr can be uJused which causes the laver of
particulsves to fall to the bottom of the filter from where
the solid materi1al is removed.



Diagram of a Baghouse Filter

(iean B2z out

Dust Disposal

3. Cvclanes

In a cyclone, the particulate matter is separated from the
gas stream, by forces (centrifugal Fforces) caused by the
rapi1d spinning motion of the gas stream in a cone. The
particulates are spun outwards to the walls of the cone. The
particulates then fall to the base of the cone where thev are
removed. The cleaner gas rises upwards through the inner
cylinder. This technique removes 350 - 20% of larger, visible
particulates but few of the smaller particulates.

Diagram of a Cvclone

cieaner caz 183YiRQ
through inner cylinder

£2s5 Streas : ﬂff“_""“--~..inner cylinaer

{R1Tn particylazes:
ERLETLING

cone

“t

soinning o

D.
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4, Scrubbing

Scrubbing methods for the removal of particulates, work on
the same principle as rain when it removes particulates from
the atmosphere. The gas stream enters a spray tower where
falling droplets of water Fraom a sgpray, callect the
particulates. This method is only effective for relatively
large particulates. (Note: The +term ‘'scrubbing" is also
used for other techniques used 1in the removel of sulphur
dioxide. These techniques are different from the technique
described above. They involve the use of water and/or other
substances.)

Diagram of a Spray Scrubber
T A gas outlet

gas stream splrais upwarss

water removes particulates

. water spray

A

water inlet

B. Measures to Caontrol the Release of Gaseous Pollutants into
the Atmosphere

The most widely used techniques for removing gaseous air
pollutants involve the reaction of these gases with other
compounds to form substances which can be removed and are
non-polluting. Many industrial processes involve the
combustion of coal. We have seen in earlier Units that the
gasesous sulphur dioxide and nitrogen oxides produced during
this combustion, cause serious air pollution problems.
We shall study measures taken by industry to control these
and other gases.

1. Measures to Control the Release of Sulphur Dioxide

When coal 1s burned, about 90%4 of the sulphur it contains,
is converted into sulphur dioxide. Most of the rest of the
sulphur combines with minerals in the coal to form part of
the fly ash (See Unit 3). A small quantity of sulphur
trioxide is also produced. The release of sulphur dioxide
(and sulphur triaoxide) into the atmasphere can be reduced
by two techniques:

a) Dry Scrubbing or coal cleaning
b) Wet Scrubbing or flue gas desulphurisation



a) DBry Scrubbing or Ccal Cleaning
Calcium carbonate (limestone) is blown into the furnace
or combustion chambar where the coal is being burned. (IFf
the coal is pulverised, there is better contact betwean
the calcium carbonate and the cosl. This causes the
reactions described below to occur more freguently and the
removal of sulphur diaoxide and sulphur trioxide will be
improved.)
The calcium carbonate decomposes on heating to form
calcium oxide (lime).

heat
CaCi:x (s) —_— Calb(s) + CO=(qg)
limestone lime

The calcium oxide (lime) reacts with sulphur axides
produced by the combustion of the coal to form calcium
sulphite and calcium sulphate.

Cal(s) + 50=1(g) oS Ca8S0=x(s)

lime sulphur dioxide calcium sulphite
Calb(s) + S0=(g) —_— CaS0a (s)

lime sulphur trioxide calcium sulphate

The calcium su.phite and calcium sulphate are removed with
the ash and by means of particulate collectors, eg.
electrostatic precipitators aor baghouse filters.

Diagaram showinag Implementation of Dry Scrubbing

Furnace Particulate Stack
Collector =q,
Baghouse Filter

Ligzestone

Lalos
n5f

i \J
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b)

Wet Scrubbina or Flue Gas Desulphurisation

Caicium oxide (lime) and water are injected into the gas
stream after the combustion of coal. The calcium oxide
reacts with water to form calcium hydroxide

Cal(s) +
lime

Hz0(1) ~———3 Ca(OH)z (aq)

calcium hydroxide

The calcium hydroxide reacts with the sulphur dioxide
{(produced during the combustion of coal) to produce
calcium sulphite and water.

Ca(OH)=(aq) +
calcium hydroxide

80=(g) ——» CaS0=(s) +
calcium sulphite

H=01(1)

The calcium sulphite is removed as a slurry (a mixture of

so0lid and waste).

Very often dry and wet scrubbing techniques are used
together. This is because the scrubbing techniques are
not 100% effective. A combination of the techniques
leads to the removal of more sulphur dioxide and sulphur
trioxide.

Diaagram Showing ODrv and Wet Scrubbing Techniques used
Together in a Power Station
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2. The Cantrol of the Release of Nitrogen Oxides
When coal is burnt, nitrogen oxides are formed both from
the nitrogen in the coal and from the nitrogen in the
air.{(See Unit 3). Any high temperature combustion (often a
feature of industry) will produce nitrogen oxides from the
nitrogen and oxygen in the air (See Unit 3). The
praduction of nitrogen oxides can be reduced by the
following techniques:

a) Low NO, Burners and S8taged Combustion
The formation of nitrogen oxides can be minimised if
combustion begins in a region where the air supply is
restricted. More air is added as the combusition
proceeds. This type of combustion proceeds at
relatively lower temperatures than those usually used.
In this way the production of nitrogen oxides is kept
to a minimum.

b) Ammonia Injection
Another technique for NO. reduction is the injection of
ammonia into the combustion chamber where it reacts with
the NO. and oxygen in the air. Nitrogen and water are
produced.

4NH=(g) + 4ND (g) + O0=(g) —> 4N=(g) + 6H=20(1)

3. The Control of the Release of HaS
0il refineries and petrochemical industries such as SASOL,
face the praoblem of the production of hvdrogen sulphide as
a consequence of their processes. Hydrogen sulphide is
converted to sulphur which is separated and extracted.
The sulphur is used in the fertiliser industry.

No control system will remove all air pollutants from
industrial emissions. Approximately 0,1 - 104 of pollutant
materials vremain in the waste emissions released into the
atmosphere. Industry makes use of tall chimney stacks for
emissions into the atmosphere. In this way it is hoped to
bring about some dilution of air pollutants before ground
level contact occurs. As we have seen (Unit 4,Unit 7) this
dilution is not always a solution to the problems of air
pollution! In addition, sometimes a second temperature
inversion occurs at higher altitudes and air pollutants are
not readily diluted and dispersed. This is a common problem
in the eastern Transvaal highveld.



Diagram Showing The Effect of Second Temperature Inversions
on _the Dispersion of Air Pollutants

clear air

NI — —— —— —— ———— em— — ——

top of haze layer eievated inversion
- v 3 =
1300 e —_— e e =l

accumulation of
pollutants at 3
higher altitude

surface inversion

TeEperatire  ——————>

The techniques described so far are used by industry to
control air pollutants formed during industrial processes.
(These techniques may be used in combination with each other
and sometimes in a different sequence from that described.)
Industry also plays a role in the design and development of
technologies to reduce air pollutants produced by some of
our everyday activities such as:

a) Burning petrol in motor vehicles

The emissions from the exhausts of motor vehicles, contain
air pocllutants namely lead compounds, carbon monoxide,
hydrocarbons, and nitrogen oxides and carbon dioxide.

In some countries, petrol that does not contain lead
compounds is sold. (Normally at a higher price!) The motor
industry 1is invaolved in the production of new types of motor
engines that run efficiently on "lead-free" petrol. In South
Africa, lead-free petrol is not yet on sale although more
than half of all new cars are designed to tolerate unleaded
petrol. However the lead-content of petrol is being reduced;
priovr to 1986 the 1lead halide content of petrol was
approximately 0,84g per litre. By 19892 this had been reduced
to 0,4g per litre. I+ the lead-content of petrol is to be
reduced further, the oil refineries will have to undergo
considerable modifications and this will lead to price
increases which will have to be borne by the consumer.

The motor ingdustry has also developed catalytic
converters to reduce the release of hydrocarbons, carbon
monoxide and nitrogen oxides into the atmosphere from
vehicle exhausts. The converter is attached to the vehicle
exhaust.




Diagram of a Catalvtic Converter

exhaust fumes
going into >

converter
exhaust fumes leaving with
smaller gquantities of air
C0, NO, and hydrocarbons pollutants but carbon dioxide
absorbed and react here still unchanged

The exhaust gases pass over catalysts such as platinum,
palladium and rhodium. These catalysts bring about the
conversion of nitrogen oxides and carbon monoxide to nitrogen
and carbon dioxide.

eg. 2N0(g) + CO0(g} =————2>» Nz(g) + 2C0=(q)

Hydracarbons are also converted to carbon dioxide and water.
South Africa is the world’s largest supplier of platinum,
palladium and rhodium. Catalytic converters arve being
manufactured in South Africa and are exported to countries
overseas. However these catalytic converters cannot be used
in South Africa because the lead compounds in our petrol
damage the catalytic converters.

b) The Combustion of Coal for Domestic Purposes such as
Warmth and Coeoking

In South Africa the use of domestic Ffires causes many
air pollution problems because of the release of smoke,
hydrocarbons and sulphur dioxide into the atmosphere. Many
areas in large cities in South Africa have been declared
"smoke-free" zones. Fires for heating purposes must be made
with smoke-less fuels such as anthracite or coke. (Many
householders wuse electricity or gas faor heating and cooking
purposes. )

A solution to the problem of smoky stoves has been the
development of the minimum-smoke stoves sometimes called

"smoke—-less stoves'". These stouves waere reaesearched and
developed by the Transvaal Coal Owners Associatian, the
National Institiute for Coal Research, C8SIR and the
Department of National Health. The improved combustion

techniques in these stoves, has resulted in better combustion
of the coal and a reduction in the guantities of hydracarbons
and smoke produced.
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Diagram and Explanation of a "Smoke-less" Stove
(taken from the buoklet:

"Air Pollution in South Africa"
issued by the Department of Health and Welfare)

A

PRINCIPLE OF THE SMOKELESS STOVE

Paper and wood are placed on grate through OPENING 1 in hopper.
This is ignited and the cover of OPENING 2 left open untit the burning
wood has reached incandescence. The hopper is now filled with coal
and the cover replaced. Slide ASH PAN 5 out about 25 mm (1) to allow
for the introduction of primary air. The COAL 4 will now start burning
and the gases become thoroughly burnt in COMBUSTION CHAMBER
2. The hot gases which are released are first deflected downwards which
allows the gases to be circulated within the heating chamber before be-
ing released through the chimney. BOILER 3 is an optional extra. The
GRIT PAN 6 accumulatss “Fly Ash’ and must be emptied every six
months.’

Outlook for the Future

It has been suggested by some people, that society
return to a more austere life~style brought about by a
reduction in industry and a return to some of the more
“primitive" or basic methods of the past. While an adjustment
in our life-stvle 1is necessary, the role of industrial
development in the problem of air pollution is complex.
Industry provides the commodities society uses to improve the
guality of life. The ever increasing world population places
an 1ncreasing demand on sources of energy, food production
and materials. Technoloagy and industry provide the means far
meeting these demands. Industry provides the employment and
economic growth necessary for the development of the country
and the upliftment of 1ts people.

The increasing cancern about the enviromment should lead
to the development of better technigues for controlling air
pollution. A balance will have to be sought between our
demands, as consumers, and the preservation of our
environment.
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Learning Objectives for Unit 2

On completing this unit, students should be able to:

?.1 Briefly describe the costs of air pollution in terms
of damage and caontrol.

9.2 Briefly decribe why it is becoming increasingly
important for industry to control air pollution.

9.3 Explain the use of electrostatic precipitators,
baghouse filters, cyclones and spray scrubbers to
control the release of particulates into the atmosphere.

9.4 Explain the processes of dry and wet scrubbing for the
removal of sulphur dioxide and sulphur trioxide from
gaseous emissions by industry.

9.5 Describe the removal of nitrogen oxides by:

i) low NOx burners and staged combustion
ii) ammonia injection.

9.6 Explain the use of tall stacks and the problems
encountered in the release of emissions from +all
stacks.

9.7 Describe measures taken to deal with the problem of
air pollution by lead compounds from vehicle exhausts.

9.8 Explain the use of catalytic com/erters in the control
of air poliution by emissigns from vehicle exhausts.

9.9 Describe the use of "smokeless" stoves in controlling
smoke from domestic sources.

9.10 Briefly describe the complex role played by industry
by contributing to the problem of air pollution and
vet providing employment and commodities which improve
the quality of life.

?.11 Describe briefly the approaches of (for example) ESKOM,
SASOL and AECI to air polliution.
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Worksheet 9{(a) "Cleaning UYp Cogal"”

This exercise is based on an article appearing in Scientific
American May 19%91.

Until about 20 years ago, coal-fired power stations were
regarded as a triumph of modern technolegy for bringing light
and heat into homes and businesses at affordable prices.
Burning coal now generates about S6% of fAmerica’s
electricity. However recently, environmental concerns have
highlighted the problems associated with this form of energy

generation: coal—-fired power statiaons release into the
atmosphere gases that give vrise to acic rain or may
contribute to an enhanced greenhouse effect. Yet coal-fired
power stations cannot be abandoned because coal forms 8574 of
potential fossil-fuel reserves 1in the United States of
America.

In this exercise we will take a "peep® into the working
of a modern coal-fired power station in America. In
particular we will study the modern technology being used in
an attempt to reduce the release o0f air pollutants into the
atmosphere. In some power stations the technology to control
air pollution occupies a greater area of the site than the
structures which are involved in the production of
electricity!

Look at the diagram aon page 227. Dan’t be put off by
the detail! You may be swurprised at how many of the processes
or technologies you understand. Your teacher will assist you
if vyou get lost among *the pipes but let’s see how much vyou
can work out for yourseld!

GQuestions
Please write your answers on a separate sheet ot paper.

1. The main aspects of the power station technology are:

a. The burning of coal to heat water and produce the
steam.

b. The use of high pressure steam to drive the
turbines. These turbines drive the generator (dynamo)
which produces the electricity for our homes etc.

c. The removal of the products formed during the
combustion of coal.

Using the headings CDAL COMBUSTION, ELECTRICTY GENERATION
and REMOVAL OF PRODUCTS OF COMBUSTION, 1list the parts of
the technology associated with these three aspects (as
shown in the diagram).
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2. a. Indicate which parts of the technology shown are
used in an attempt to reduce the problems of air
pollution.

b. Explain the processes involved, giving the chemical
equations involved (if applicable).

3. What parts of the technolagy, shown in the diagram, are
used in coal—-fired power stations in South Africa to
reduce air pollution?

4. What parts of the technology, shown in the diagram, are at
present not used in South Africa to reduce air pollution?

5. Why is EBKOM not using this technolagy at present?

6. 1,0 % 10* mol of sulphur dioxide is released per hour
from the combustion of coal in a power station. The
process of dry scrubbing is used to remove the sulphur
dioxide. What mass of limestone, CaCOx, per hour, is
necessary to remove the sulphur dioxide? (Assume 100%
efficiency for this method.)

7. You will notice that in the technology shown, there is
nothing to control the release of carbon dioxide into the
atmosphere. This is a very serious problem. It is felt
that soon there will be an International Agreement similar
to the Montreal Protocol to chntrol the release of carbon
dioxide. We must still use our ingenuity to find practical
ways of contraolling the release of carbon dioxide. Some
preliminary ideas were put Fforward in Unit 6.
l.ist as many ways as you can think of, to control the
release 9f carbon dioxide.

Footnote:

Air pollution technology similar tog that discussed in this
exercise, has been installed in four major powear stations in
the vicinity of the Grand Canyon in America. (In fact most
coal—-fired power stations in America are equipped with
similar technology.) This was done to reduce aiv pollution
in the Grand Canyon and to improve visibility. The Grand
Canyon 1is a majeor tour.st attraction. Recent research seems
to indicate that cities in California (eg. Los Angeles) and
cities in Mexico contribute more air pollution (which reduces
visibility) to the region of the Grand Canyon than do the
power stations.
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£

orksheet F(b) Cantrolling Smoke

Reguirements

1 Glass tube matches

2 strips of copper mesh dish

retort stand and clamp inductian coil
2 strips of copper screen 2 tocth picks

a piece of string
wires connected to induction

Diagram of_ Apparatus coil

3 f {
§;§
glass tube kent N strips of copper
upright with N gesh kept apart
retort stand v N with toothpicks
and claap N
N N
y N
dish B h N burning string

Methaod

1. Set up the apparatus as shown in the diagram.
The toothpicks are used to prevent the pieces of copper
mesh from touching each other.

2. Light the string and place it inside the glass tube.

2. Record your observations.

4, Switch aon the induction coil and observe what happens.

Observations
1. Before ind.ction coil is switched on.

2. After induction coil is switched on.

Explanation

COMNBCTRL %4
D.C. supniv

Application
A scientist, Cottrell, developed this

technigue to control air pollution .

Name the device shown in the diagram

and evplain how it functicns in

the removal of air pollutants.

Label the diagram to clarify

your answer.

(Explanation an a separate sheet of paper)

Y]
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Worksheet 9{(c) Trends in Air Pollution

The data below show the trends in sulphur dioxide and smoke
concentrations in some South African cities from 1960 to
1985.

a) Sulphur Dioxide Trends for 19460 — 1985

100
80
fuceptahle concentration
Ennceisiatinn 0 {Dept Health) 80 pg "
inug &7 40-\%
i
0 a
1960 1965 1970 1975 1980 1983

Year

Key: ——Fretoria ——Capetonn  —¢-Durban

b) Smoke Trends far 1960 - 1985

30

T Szoke
Concentration Acceptahle Smoke Concentration
per a~= per cubic metre = 30

(Dept Health)

1960 1365 1970 1975 1980 1985
Year

Key:s —+Pretoriz -+Capetown -%-Durban ----Johannesburg

——

Instructions

On a separate sheet of paper, discuss the trends shown.
Include in your answer the names of techniques which have
contributed to these trends.
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Worksheet 2(d) "A Press Conference" (A Role Play)

Instructicons

This worksheet contains information on ESKOM, SAS0OL and AECI.
It could be used as a role play.

Choose three students as representatives of the respective
companies. Provide each representative with the information
for his/her company as given on the pages that follow. The

company representatives must be well prepared - charts or
diagrams of information they would like to include in their
answers should be brought along to the “press conference".

The company representatives should be given the questions
beforehand that will be posed by the reporters. In this way
they will be adequately prepared for the conference.

Choose a chair person to control the discussion.

The role play could simulate, for example, a press
conference. The rest of the students in the class are the
newspaper reporters. They pose the guestions to be answered
by the company representatives.

Examples of Questions to be Posed by Newspaper Reporters
1. What commodities does your company praoduce?

2. How important are these commodities for our society?
3. What air pollution problems does your company encounter?
4. How does your company attempt to saolve these problems?

5. Are there any specific problems/dilemmas facing your
company? If so, how have you attempted to solve these
prablems?

4. What are the implications, for society, of air pollution
control measures adopted by your ceompany?

7. Predict what your air pollution policy will be in the
future.

(These are examples of some possible questions. Teachers may
like to inciude others. The students could follow-up this
exercise by writing newspaper articles based on this "news
conference'.)

If the teacher does not wish to use this material as a role
play, the information and guestions could be given as a
comprehension exercise.

b
L
&
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Backaround information on Three Industries

i) ESKDM Representative
ESKOM is the tenth largest supplier of electricity in

the world. Electricity is one of the cleanest forms of energy
but its generaticn can pose serious air pollution problems.
South Africa is a land rich in coal with the result that 83%
of our electricity comes from coal-fired power stations. 10%
comes from hydro-electric plants, 64 from a nuclear plant and
1% from natural gas. These power stations run 24 hours a day,
365 days a year to meet some of the ensrgy demands of the
country.

It is the coal-fired power staticns which present
serious air pollution problems. ESKOM burns 70 million tons
of coal a year. The «coal is burnt to heat water which
produces steam. The steam drives turbines which generate
electricity. When the coal is burnt the major air pollutants
farmed are fly—-ash, sulphur dioxide, nitrogen oxides,
hydrocarbons and carbon dioxide. The sulphur content of our
coal averages 1,2%. This is low in comparison to coal used in
the Northern Hemisphere, but the quantity of coal burned in
cur large power stations makes them & significant source of
sulphur dioxide.

Eight of our coal-fired power stations are situated in a
relatively small area between the East Rand, {-aziland and
the northern border of the Orange Free State.

Control of Air Pollution using Electrostatic Precipitators

On earlier power stations, ESKOM made use of cyclones to
cantrpl the release of particulates (mostly fly-ash). By
1978 it was recognised that these cyclones were inadequate.
Electrostatic precipitators were introduced. The
precipitators cost RZ0 million each. (The replacement value
of all EBKOM's precipitators in the country is R1 billion).
The installation of precipitators s =nificantly improved the
air guality near these power staticns. However saome farmers
in the Komati area, complained. The fly-ash had helped
condition their soil. They now have to purchase lime and
fertilisers to do this!

Caontrol of Air Pollutiaon Using Tall Stacks

Tall stacks (some as high as 300 m) are used to release
the smoke and other emissions ¢ -ave the temperature
inversion. It is hoped in this way to uilute and disperse air
pollutants.

Control of S0.. and NO,

To remove the oxides of sulphur and nitrogen from
coal-fired power station emissions, would cost about Rl 000
million for each of our large power stations. This would
increase the cost of electricity by 33%. The guality of the
air would improve and it is believed that the sulphur
dioxide concentrations would decrease Dy 6,9%. Howsver the
increased tost of elgctricity would reduce the number of
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people who could afford electricity,. E8SKOM has decided nat
to make use of technology to cortrol these gases for the time
being.

With Rl 000 million it is possible to bring electricity
to many people who do not have electricity; this sum could
electrify 420 000 homes. At present there are approximately
20 million homes in South Africa which do not have
electricity. More than 12 million people use wood as a
primary source of energy. This results in deforestation with
large areas in the country having no trees. The loss of trees
contributes ta serigus erosion problems and destroys an
important way in which carbon dioxide can be removed from the
atmosphere. Thus the loss of trees cantributes to the problem
of the enhanced greenhouse effect.

Domestic coal fires contribute significantly to
particulates (such as fly-ash) and sulphur dioxide in the
air.

Annual Average SD2 Concentration Annual Average Ash Concentration

. Dept Health Buideline 50 Dept Heaith Guideline
W s svscasersarsrrianes et Besevvnauirsasussreagaotansonny
50, fish
Concentratign 20 Loncentration
in ppb in pga-*
1§
U ~3) e A :
ETH YRAL SORETD ETH VARL SONETO
TRIANGLE TRIAKGLE

ETH iEastern Trapsvaal High Veld) and Yaal Triang.e are two
hignly industrial reqions.

If 420 000 homes were electrified, it is estimated that
the sulphur dioxide concentrations in a town could be reduced
by as much as 64%.

Thus providing electricity for more Bcuth Africans would
have a very good effect on the pres~ervation of our
gnvironment. Environmental issues are complex and E£E8K0OM
believes that the solutions to such issues should invalve the
nation as a whole. EBKOM ig one of the few industries to
agree tao the international "green" movement request for an
annual audit. BSuch audits would be similar to a financial
audit. Enrichment and damage ta the environment by ESKOM
would be assessed.

ES5KOM has established an Air Quality Research Group. A
network of monitoring stations has been established 1in the
vicinity of majar power stations. These monitor the
cancentrations of sulphur dioxide, nitrogen oxides, oczone and
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hydrocarbons. A light aircraft has been fitted with air
quality measuring imstruments.

ESKOM is looking ahead well into the next century. At
present ESKOM has a surplus of generating capacity. It may in
fact not be necessary to build another power station in South
Africa. Zaire is currently investigating a massive
hydro—-electric power station. Such a scher: could provide
enough electricity for the whole African continent until well
into the next century.

ii}) SAS0L Representative

Soutt Africa is a land vrich in coal but lacking oil.
SASOL technology is the respaonse of a country concerned about
the implications of a total dependence on imported oil.

SASOL. plants manufacture il from coal and are the only
oil-from—~coal plants in operation in the world. The first
SASOL plant was built in 1935 in Sasolburg. (This plant o
longer produces oil; it only produces chemicals.) Two S JL
plants were built later at Secunda. The 8ASOL plants in
Secunda have their own power stations and coal mines. In
fact these coal mines form the largest underground mining
complex in the world.

During the SAS0OL Synthol process, coal, in the presence
of steam and oxygen, is gasified at temperatures of more than
1100°C. The raw gas formed is purified: carbon dioxide,
nitrogen oxides, ammonia, arganic compounds, sulphur
compounds, and tar are removed. Many of these "impurit:es"
are put to very good use:

a) The nitrogen oxides are converted into ammonia.

b) The ammonia is used for fertilisers and explosives.

c) Some of the organic compounds are used in the manufacture
of plastics. Other organic compounds are used as solvents
such as lacquer thinners and benzene.

d) Bome of the sulphur in the coal is converted into sulphur
diuxide. However the SASOL process results in the
production of many other sulphur compounds eg. MH=z8 and
CSz». Secunda plants have been equipped with process units
which remove 0% af the hydrogen sulphide, Hz5. During
this process elemental sulphur is produced and sold to
the paper industry or used in the manufacture of sulphuric
acid or fertilisers.

e) The tar products are also used eg.to preserve wood.

After purification the gas mixture of carbon monoxide and
hydrogzan is passed over an iron catalyst in a reactor where
crude oil is produced. A wide range of very pure waxes are
also derived from the SAS0L process. These are used in
polishes, printing inks and lubricants.

Air Pollutants Produced by the SAS0OL Process

It is interesting to compare a power station and a SASOL
plant with respect to the products and air pollutants formed.
A power station consuming 10 million tons of coal produces
200 000 tons of sulphur dicxide, 70 000 tons of nitrogen
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oxides, over 28 million tons of carbon dioxide and 1000
tons of fly—-ash. By contrast a SASOL fuel plant converts 10
million tons of coal into petrol, many other chemical
by-products and 70 000 tons of sulphur and 120 000 tons
of ammonia. 17,5 million tons of carbon dioxide would be
produced. There is almast no emission of sulphur compounds,
nitrogen oxides or ash. However SAS0L plants require power
and steam. This is provided on site by a power station
using a further S million tons of coal. This power station
produces 100 000 tons of sulphur dioxide, 35 000 tons of
nitrogen oxides, 500 tons of ash and 14 million tons of
carbon dioxide.

The table below shows the comparison between a power
station and a SASOL fuel plant (both using 10 million tons of
coal) with respect toe products and total air pollutants
formed.

Power Station SAS0L Plant
Coal Consumption 10 million tons 10 million tans
Product Pawer Petrol and a

Variety of
By—-Products
Sulphuyr 70 000 tons
Ammonia 120 000 tons

Alr Pollutants Hostly

S0 200 000 tans frog 100 000 tons

NO . 70 OO0 tons SASOL 35 000 tons

COx 28 million tons |Fawer 31,3 million tons
Fly—ash 1 000 tons Station 500 tons

SASOL’s Air Pollution Policy

SASOL acknowledges that industrial activities bhave a
negative effect on the environment. SASBOL takes the possible
influence of activities into account at the planning phase of
operations. SABOL ensures that products and processes are
environmentally compatible. SASO0OL applies the best available
and most cost effective technology to control air pollution.

It co-operates with the authorities and research and
environmental organisations it the search for soclutions to
the prablem of air pollution. Some of the major air

pollution control measures taken are:

a) The develaopment and installation of process units at
Secunda, to remove hydrogen sulphide from gas streams.
Hydragen sulphide is the gas that gives the "bad egg"
smell sometimes detected in the Vaal Triangle. The SASOL
plant at Sasoclburg has had problems with hydrogen
sulphide removal. At times this gas has been released
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into the atmosphere. The latest sulphur recovery
technology will be used when this plant undergoes
updating.

b) Electrostatic precipitators have been installed to
prevent fly-ash from being released into the atmosphere.
Most of the ash is removed at the gasification stags.

The SASDOL fuels produced from the crude oil are very close to
"clean-burning”. The petrol produced is free of sulphur and
nitrogen. Some international companies have recently
released details of their future targets for "green" pstrol -
petrol whose combustion will result in more acceptable
exhaust emissions. SAS0OL petrol already complies with all but
one of these targets that of the lead—-compound content. SASOL
¢ dds lead compounds to its petrol in compliance with
government regulations.

iii) AECI Representative

AECI is South Africa’s largest chemical company. It
manufactures a wide range of chemicals, plastics, explosives,
fertilisers, paints and synthetic yarns such as nylon. The
company employs 27 000 people.

AECI feels a commitment to the preservation of the
environment. The chemical industry has a potential for much
damage to the environment.To preserve the environment,
industrial activities have to be very carefully managed and
controlled. Managers must be trained to be aware of the

impact of industrial processes on the environment. The
planning of new projects must take the environmental
implications into account. Scientists and engineers who

design production plants must include in their design the
most cost-effective technology to control air pollution.
AECI hopes to achieve an openness about air pollution issues.
Local communities are invited to become involved in our
activities. The local community should be involved in
monitoring tne impbact our company has on the environment. An
understanding of our problems by the public is vital. Some of
our plants are old and cannot operate at the same standards
as a new plant. Efforts are being made to update these plants
but this is costly and takes tims.

Air Ppllution Cantrol

Our explosives and chemical plarts burn 1,7 million tons
of coal a year. This combustion releases air pollutants such
as particulates, sulphur dioxide, nitrogen oxides, hydro
carbons, carbon monoxide and carhbon dioxide. Other gaseous
air pollutants such as chlorine, hydrogen chloride, and
ammonia are produced.
The Control of Particulates

Electrostatic precipitators and cyclones are used to
remove particulates +rom the gas stream. Baghouse filters
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are used to control dust from the raw materials and at the
product handling systems.
The Control of Gaseous Pollutants

Scrubbers are used to remove gaseous pollutants such as
chlaorine, hydrogen chloride and ammonia. The concentrations
of sulphur dioxide and nitrogen oxides are being monitored
and so far these have been found tc be within nationally and
internationally acceptable limits.
In fact some interesting data are available with regard to
nitrogen oxide emission from our nitric acid plants in

comparison to that Ffrom coal combustion and vehicle
emissions.

National NO, Emissions % Contribution to Total

From Nitric Acid Plants 0,5%

From Coal Combustion for S.A. 74,4%

From Motor Vehicles 25,1%

The Use of Tall Stacks
Stacks are designed to give as much dispersal and
dilution as possible.

Other Contributions to Air Pollution Control

a) AECI is the only producer of CFCs in South Africa. AECI
is totally committed to the Montreal Protocol. By 19%0
CFC production was reduced by 50%4. It is proposed to
cease the production of CFCs by the year 2000.
Alternative products have been found for use as aerosol
propellants, fosm blowing agents and solvents. However,
at present, difficulty is being found in developing an
alternative product for refrigeration and air
conditioning purposes. The mining industry would not
function without the use of this gas in its coocling
systems. If reasonable care is taken to repair faulty
eguipment or retrieve the CFC gas in old discarded
egquipment, CFCs would be prevented from escaping into
the atmosphere. A worldwide attempt is being made to find
suitable alternatives for these purposes. However some of
these alternative products used, at present, may
contribute to the praoblem of an enhanced greenhouse
effect. (See Unit 10)

by AECI is involved in a methane recovery scheme at the
Robinson Deep disposal landfill. The methane is used in
the production of other chemicals eg. calcium cyanide.
This recovery plant prevents methane, one of the gases
contributing to the enhanced greenhouse effect, from
escaping intc the atmosphere.

In looking at the air pollution problems posed by our
industrial activities, one must not Fforget the impact that
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population growth has on these activities. An increasing
population places an increasing demand on the commodities we
praoduce. The public will have to pay more for commodities if
improved air pollution technology is used to cope.with the
impact of industry on the atmosphere.
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Solutions to Worksheets for Unit 2

Wor ksheet 9(a) "Cleaning up Coal’

1.

Loal Cambustion
Furnace

Pulverised coal
Coal~limestone +eed
Alr

Electricity Generation

Cooling pond

Water out of pond

Wateyr pipes In furnace

Stgam pipes out

Turbines

Generator

Power lines to buildings

Water (from condensed steam) back to pond

Removal of Combustion Products
Coal lime-stone feed
Ash (From furnace)

Cyclone
Lime and water injection
Electrostatic precipitatar %

Baghouse filters
Wet scrubber
Filter

Slurry

Calcium sulphate
Stack

a. Parts used to reduce problems of pollution are the
parts listed above under "Removal of Combustion
Products". Also the emissions monitor on the stack.

b. Pulverising Loal
Coal is ground into small pieces. Physical and chemical
cleaning of coal takes place.

Coal-limestone Feed

This is the dry scrubbing technique. The limestone
(calcium carbonate) is blown Into the furnace with the
coal. The calcium carbonate decomposes on heating to
form calcium oxide (lime). The calcium oxide reacts
with the sulphur oxides (produced during the combustion
oFf coal) to form calcium sulphite and calcium sulphate.
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Egquatigns

heat
Callx(s) —_— Cal(s) + CO=(g?
limestone lime
Cal(s) + 50=(g) —— CaS0x(s)
lime sulphur dioxide calcium sulphite
Cal(s) + S0=x1(g) ——— CaS0a(s)
1ime sulphur tirioxide calcium sulphate

These solid substances will be removed in the ash
leaving the furnace or in the cyclone.

NB. The restriction of air supply to the combustion
furnace will mean that combustion proceeds at a
lower temperature. This reduces the production of
nitrogen oxides (whose formation is favoured at
high temperatures). In the diagram more air is
added when partial combustion has taken place
{(at the top of the furnace)

Cyclone
Particulate matter is separated From the gas stream,

(from the furnacel) in the cyclone. As the gas stream
enters the cyclone, it spins rapidly in the cone. The
particulates spin outwards against the wall of the
cone. They then fall to the base of the cone where they
are removed. The cleaner air rises through an Innesr
cone and then leaves the cyclcne.

Lime and water injection

This Is the wet scrubbing technigue. Lime (Cal) and
water are injected into the gas stream leaving the
cyclone. The calcium oxide and water react to form
calcium hydroxide, Ca(OH)=.

Cal(s) + H-O0C(l) ———> Ca(0H)=(aq)
calcium hydroxide

The calcium hydroxide reacts with the sulphuyr dioxide
in the gas stream to produce calcium sulphite and water

Ca(OH)=(aqg) + S0=(g) ——p CaSO=x(s) + Hz0(1)

The calcium sulphite is remaved with the particulates
in the precipitator.

Electrostatic Precipitator

Charged wires in the precipitator produce ions in the
air inside the precipitator. Some of these ions
collect on the surface of the particulates giving them
a charge. These charged particulates move to earthed
sections of the precipitator where they are discharged

For S d
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(neutralised). They ccllect to form a layer of dust
which leaves thg precipitator.

Baghouse Filters

The particulates move through huge fabric filters in
the baghouse filters. The particulates stick to the
fabric. A thick layer of particulates bulilds up on the
fabric, Compressed air Is used to remove this layer
which falls to the bottom of the Filter. The solid
waste is removed from here.

wet scrubber

The sulphur oxides react with the limestone slurry to
form calcium sulphate and calcium sulphite. AfFter
filtering, these compounds are dried and removed from
the power station.

Cyclones and electrostatic precipitators.
Very tall stacks to assist in dispersal of air pollutants.

All the parts of the technology aimed at removing the
sulphur oxides, i=2. wet and dry scrubbing techniques.

The estimated cost of installing this technology would
reduce the number of people who could afford electricity.
Coal fires in townships such as Soweto release more
sulphur dioxide and particulates into the atmosphere than
a large coal~fired power station. ESKOM has decided to
provide more homes in the townships with electricity
instead of installing scrubbing technology. It is felt
that this will have better impact in improving air gquality
at present.

Equations:
Calls ——» Cal + CO= Cal + SO0z =~ LaSO=x

1 mol SO0= requires 1 moli CaCOx per hour
1,0 x 10® mol SO0x requires 1,0 x 10% mol CalOx
Mass of CalO=x sO » 10% mol x molar mass CaCOx hir™*
;O x 10% mol x 100,09 g mol™* hr—*
L0 x 109 g hr—4
O x 10% kg hr—* = 100 tons CalOx hr—*

Wnnn
[N O N T,

Some preliminary {isas are:
1} Planting trewz to remove carbon dioxide from the air.
11) Pumping the :arbon dioxide deep into the oceans.
Some animals: use this carbon dioxide (probably
in the form of H=C00x) to build their shells
(mostly Cal'fivl.
iii) Using micrcalsgse to convert carbon dioxide into
biomass. Th.:= —ould be liquified and used as
transportatiur {fuel.
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Worksheet 9(b) Controlling Smoke

Observations

1. Smoke goes straight up the tube.

2. Smoke moves towards copper mesh (with positive charge).

Explanation
Air molecules gain electrons from copper mesh. These

negatively charged ions attach themselves to smoke particles
which are attracted to the postively charged copper wire.

connected to D.C. supply . - ™~
——amey  Cleaner air out

wire negatively charged

polluted air in

particulates collect
and are resoved

Air molecules around the wire gain electrons from negatively
charged wire. These ions attach themselves tp particulates 1n
the smoke. Particulates move towards positive (earthed)
sections where they are discharged. The particulates collect
on the sides and eventually drop to the base of the
precipitator.
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Warksheet 9(c) Trends in Aiyr Pollution

al) 80z Trends

b

For all three cities S0~ concentrations have decreased
since 1960.

At present wet/dry scrubbing techniques are nat used by
ESKOM or other industries because of the expense of
Installing these techniques. However the "tall stacks
policy" of ESKOM and ather industries has helped in moving
and diluting 80> from ground levels. In addition many
cities have been declared "smoke—free zones". Coal may not
be burned in these regions. Smokeless stoves or coke and
anthiracite are used. Thus the rate of release of S0= intc
the atmosphere has been reduced.

Smoke Trends

In all three cities smoke has been reduced. The effect of
the tall stacks, smoke—free zones and smokeless fuels, as
discussed above, will also have an effect on reducing
smoke concentrations. However smoke contains many
particulates. ESKOM and most other industries use
cyclones, or electrostatic precipitators, or baghouse
filters, or scrubbing (with water) to remove 907 or more
particulates from the gases released into the atmosphere.
This must have contributed a great deal to reducing smoke
pollution in these cities.
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bWorksheet 9(d) “A Press Conference"
1. Commodities:

ESKOM ~ electricity

SAG0L - petrol, fertilisers, sclvents, sulphuric acid,
tars, waxes, plastics (poiyethylene)

AECI - explosives, plastics, fertilisers,
synthetic yarns, paints, refrigerant gases

2. Pupils can discuss the value of each of these commodities.
Our lives (standard of living and quality of living) would
be seriously affected If we had to do without these
commodities.

Tall stacks have been success+ul but second
temperature inversions (elevated inversians)

can cause air pollutants to accumulate at a
higher altitude.

- Wet/dry scrubbing techniques are not used as yet.
Thus S0z causes problems of acid rain.

3. ESKOM

8A50L

H=8 sometimes escapes and gives rise to
“Ybad egg smell".

- Our mining operations and power stations
contribute to air pollution problems.

AECI - Wet/dry scrubbing to remove S0-» has not yet
been installed.
Trying to synthesise alternatives to CFCs.

{

4. ESKOM — Tried to saglve problems using tall stacks,
electrostatic precipitators.

SA50L Reconstructing SA80L I plant to prevent H=S

escaping.

9

AECI - Use electrostatic precipitators, cyclones.
baghouse filters and some scrubbing tswhnigues.

6. ESKOM

!

Dilemma: should we install scrubbing technicuss?
This would put the cost of electricity out af the
reach af many people. OR should we use the maoncy
to provide electricity Ffor pevople who do not have
electricity?

AECT

Manufacturing alternzf ives to CFCs at great cost.
However these altern-:£:vizs appear to give rise to
other air pollution crrblems eg. a nossible
enhanced greenhouse sffect. (Eees Unit 10)
Recovers anrd uses methane Ffrom rubbish dumps,

6. For all these companies, the irost of installing air
pollution control measures increases the price of
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commodities. This has to be paid by the consumer.

7. ESKOM = We would like national decisions invelving
people from all walks of life to help in decision—

making.

SAS0L - Our fuels are very clean-burning.
Many "green" movemerts are Iinterested in these
fuels.

AECI ~- Scientists must design better (more
cost-effective) equipment to improve air pollutian
control.

AECI hopes to be open about problems.

The conmunity must be Iinvolved in decision—-making.
Managers must be trained to be environmentally
aware of the impact of this industry.
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UNIT 10

What are our
Alternatives”?
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Introduction to Unit 10

The growth of the world’s population and its demands
energy and commodities are having detrimental effects o
environment. It will not be possible to raise the standar oF
iiving of this large population without increasing the impact
on the environment further. Te control the impact of our
activities on the environment, we need to consider our future
options and closely study the implications of these options
with regard to the snvironment. We will have to change our
use of resources and our life styles. This change will not
take place overnight but change is essential. We will focus
on alternatives which have an impact on the problem of air
polliution. Some of these alternatives are:

A. Alternative Sources of Energy
B. Alternative Products
C. Alternative Behaviocur by Society

A. Alternative Sources of Enerqgy

One of the major sources of air polilution is the
combustion of fossil fuels. Alternative sources of energy
need to be considered and explaored. This is not only because
of the problems of air pollution, but also because the
reserves of these Ffossil fuels are limited. Fossil fuels
took millions of years to form and we are burning them up in
a matter of a few centuries! Besides being a source of
energy, Tossil fuels are the basis of many of the chemicals
we require. (See Unit 9). Yet at the moment we are sending
this valuable "chemical feedstock”" up in smoke!

Although it is a Fossil fuel, natural gas provides an
alternative to the burning of coal. Natural gas is mostly
methane and 1is cleaner burning than coal. Natural gas do:zs
not contain any of the minerals that coal contains that give
rise to fly-ash. In addition the combustion of natural gas
will not give rise to significant amounts of air pollutants
such as sulphur dioxide and particulates. The combustion of
natural gas produces fewer moles of carbon dioxide per MJ of
energy i+ compared to the combustion of coal or petrol. (See
Unit 3)

In Britain, the use of natural gas has increased.
(Although reserves of natural gas are 1limited.) In BSouth
Africa, reserves of natural gas have been discovered off
Mossel Bay — the Mossgas project. Natural gas will play a

role in South Africa’s sources of energy.
The development of technology +for the utilisation of

alternative sources of energy has been slow probably
because of the relatively easy accessibility and short-term
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lower cost, of energy fram Ffossil fuels. However alternative
sources of energy will have to be found. Some of our
alternative sources of energy are:

a) Nuclear Energy

b) Hydro-electric Energy
c) Solar Energy

d) Wind Energy

a) Nuclear Energy

Reactions involving the nucleus of an a2tom release large
amounts of energy. For some isotopes of elements eg. uranium,
such reactions occur of their own accord. This provides a
large source of energy. For example, 1 kg of uranium
provides as much energy as the combustion of 3 million
kilograms of coal.

This energy can be used to generate electricity. In a
nuclear power station, steam which drives the turbines is
produced by heating water with the energy from nuclear
reactions instead of energy from the chemical reactions
taking place in the burning of coal. 0One of the most
attractive features of nuclear power stations, is that under
normal operations, the power staticon does not cause air
paoliution.

Seventy percent of France’'s electricity reqguiremente
are generated by nuclear power stations, In the period from
1980 to 1986 France reduced the release of sulphur dioxide
into the atmosphere by 5Sé%4, nitrogen oxides by 9% an«
particulates by 36%. Yet during this period, France's
generation of electricity rose by 40%. The reduction in air
pollution can be attributed to the four-fold increase in the
generation of electricity using nuclear energy.

Seventeen percent of the world’s electricity is
generated by nuclear power stations. I+ these were fto be
replaced by coal-fired pcwer stations, the total guantity of
carbon dioxide released into the atmosphere would have been

2 billian tons higher.

Since the accidents at Three-Mile Island and Chernobyl,
public concern about nuclear energy has grown. When accidents
occur at nuclear power stations they can have disastrous

consequences on life and the environment. This has resulted
in a resistance to this source of energy. Pressure from the
public has brought the construction of nuclear power

stations to a halt. It takes a numbsr of years to plan and
build a nuclear power station. Western Europe and the
United States of America, face the possibility of serious
electricity shortages early in the next century.

In South Africa, there is a nuclear power station in
the Western Cape, 40 km from Cape Town. This is the Koeberg
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power station. South Africa has large reserves of uranium and
is one of the world’s top uranium producers. Koeberg is
approximately 1 500 km from the coal mines and power
stations in the Transvaal. The cost of transparting coal to
power stations in the Cape Province is very high. 8o, too,
is the cost of conveying electricity from the Transvaal to
the Cape. The price gf the electrictiy in the Cape Province
would thus be much higher. Koeberg only has toc be loaded with
uranium once a year thus reducing transport costs. The cold
waters of the Atlantic ccean are used for cooling at Koeberg.
This results in a saving of some of our scarce inland water.

The disadvantages of nuclear power stations, are the
risk of radiation escape in the case of an accident. The
disposal of nuclear waste material is also a problem.
Improved technology is used to veduce these threats. The
construction of the building that holds the reactor at
Koeberg, is so0 strong that it can withstand a crash by a
Boeing 747. Measures have also been taken to prevent the
cracking of this building in the unlikely event of a major
earthquake.

b} Hydrag-electric Energy
In a hydro-electric plant, the energy of falling water

iz used to turn the turbines that generate eilectricity. This
method of generating energy is very clean; no air pollution
results from this activity. Hydro-electric plants already

provide more than 1/5 of the world’s energy. If these plants
were replaced with coal—-fired power stations, 6 billion tons
of carbon dioxide would be relsased into the atmosphere. (Not
to mention air pollutants such as sulphur dioxides, nitrogen
digxides etc.) In the Third world only 74 of the energy
available +for hydro-electric plants, is harnessed. The
Zaire river has the potential to generate sufficient
electricity for the whole continent of Africa until well in
to the naxt century.

In some parts of the world, waves and tides are also
used to generate electricity.

c) Solar energv

The alternative of using solar energy is very attractive
because splar energy is S0 abundant. The energy is
constantly being renewed and its use will not produce air
pollutants. The guantity of energy from the Sun that strikes
the Earth in half an hour is equivalent to all the world’s
energy needs for one year. However it is difficult to utilise
this form of energy. It is dispersed and intermittent.
Therefore it needs to be collected, concentrated and storead.
Methods of concentrating involve covering areas of land with
mirrors. These focus the solar energy on "collectors". Solar
cells are used for collecting the energy from the Sun. These
cells are expensive. The substances used for the
collection of solar energy could pose disposal problems if
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solar =<energy is used on a large scale.

Collections of Solar Cc " LU'zing Sunlight to make Electricity

The fact that the Sun’s energy is dispersed could also

be an advantagey this energy is delivered free! The
utilisation of solar energy involves technology which
operates on a smaller scale faor individual homes or

cormunities. This type of technology can utilise space that
1s available on rooftops etc. Ninety percent of housss in
Cyprus make use of solar heaters for heating water. Two
thirds of the homes in Israel make use of similar solar
heaters. Israel has oane of the few ¢olar power statiorns.

To produce electricity on a large scale, some scientists
have suggested building structures in space that would
collect solar energy. However at present, the use of solar
energy is too expensive and its collection is too inefficient
to produce very large guantities of electricity.

d) Wind

The energy of wind has been utilised in windmills for many
centuries. Modern versions of windmills called wind turbines,
are used to generate electricity.

Wind Towers which Generate Eleciricity




Once again the utilisation of this form of energy is
difficult beause the energy is dispersed and intermittent. At
present 935 countries make use of these wind turbines. Wind
energy could generate 1/5 of electricity needs of the United
Kingdom by the year 2020.

Alternate Sources of Enerqy for Motor Vehicles

The combustion of fossil +fuel in motor vehicles is a
very significant source of air pollution. Some other sources
of energy for this purpose are being considered. These
:nclude solar energy, energy from the combustion of hydrogen,
and electricity provided by batteries. The batteries will
have to be recharged using mains electricity. This will add
to the burden of coal-fired power stations with resultant air
pollution problems. Much research is being conducted to
develop new batteries. The disposal of substances wused in
batteries also poses environmental problems although these
will not be air pollution problems.

B. Alternative Products

Some of the products we manufacture, eg.CFCs, create
serious air pollution problems. Industry is heavily committed
to finding alternatives for these products. Some alternative
products developed sao far are:

a) Dimethyl ether, CHxDCH=x (Systematic Name: methoxymethane)

Dimethyl ether (trivial name) was Ffirst made inn 1835. The
Norwegians wused it in aerosols in 193%. 1ts use was replaced
by that of CFCs. However, because of the damaging effects of
CFCs on ozone, there is increased interest in the use of this
compound once again. In South Africa, dimethyl ether
(tradename Prozone) is manufactured by a company in Durban,
C. G. Smith Chemicals. Vaporised pure methanol is passed over
a catalyst and dimethyl ether and water form.

catalyst
2CH=0H (g) ————> CH=O0CH= (g) + H=0(1)
methanol dimethyl
ether

Some of the properties of this compound make it well-suited
to its use as a propellant in aerosols. It has a boiling
paoint of —-25°C at 1 atm. It is miscible with water. Thus the
flammability of dimethyl ether is reduced by mixing it with
water. Dimethyl ether is odourless and does not irritate the
skin. Once it is expelled into the atmosphere, it degrades
fairly rapidly toc <orm carbon dioxide and water. The
contribution of diwmethyl ether to the carbon dioxide
concentrations in the atmosphere is estimated to be small -
0,02% of other sources.




b) HOFCs (hydrochlorofluocrocarbons) and
HFCs (hydrofluorocarbons)

CFCs are compounds whose molecules consist of chlorine,
fluorine and carbon atoms. eg CFC-12, )

Cl——C—C1

HCFCs are compounds whose molecules consist of hydrogen,
chiorine, fluorine and carbon atoms. eg

F
H———k-——Cl
F.'
AECI has announced that HCFCs will be made as an interim
measure to phase out the use of CFUs for the refrigeration

industry. The presence of a carbon-—hydrogen bond makes these
compounds more reactive than CFCs. For example in the
atmosphere, HCFCs will react with the hydroxyl radical. Thus
the period of time that HCFCs remain in the atmosphere will
not be as long as that of CFCs. However the presence of
chlorine atoms in these compounds is unfavourabley these will
also lead to the depletion of the ozone in the stratosphere.
In time it is planned to replace HCFCs with HFCsj; compounds
whose molecules consist of hydrogen, fluorine and carbon

atoms {no chlorine). ARECI 1is developing one of these
compounds CH=FCF= (tradename Klea).
H E

HFCs will not cause damage to the ozone in the stratosphere.
A warning has, however been issued by Joe Farman, the
scientist who first detected the depletion of stratospheric
ozone. His findings suggest that both HCFCs and HFCs are
"greenhouse gases" and could contribute significantly to
global warming.
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C. Alternative Behaviour by Society

The human population took 4 million vyears to reach a
total population of 1 000 million in 18350. The population
doubled by 1925. Now the world population increases by 1 000
million every 12 vyears! It is the activities of both the
rich and the poor sectors of the population that are
contributing to the problems of air pollution. The rich
consume energy on a large scale. The motor vehicles they
drive contribute to the serious problems of air pollutants
released frcm the exhausts. The poor denude the land of trees
in their search for fuel Ffor their fires. The poor burn
coal for cooking and heating purposes. The air pollutants
oroduced contribute to the smog that shrouds the areas in
which they live.

Society will have to curb this growth in populatian.
Science and technology have saved the lives of infants and
prolonged the life of the elderly. Now the advances of
science and technolegy in curbing population growth need to
contribute to the contraol of numbers.

As memhers of society we can contribute to the control
of air pollutants by changing our life-style. This change
could operate in the following areas:

a) Transport

The exhaust gases released by motor vehicles contribute
significantly to the problems of air pollution. We can reduce
this contribution by checking the tuning of the engines of
our cars so that they burn petrol more efficiently. We can
reduce our use of cars by walking or using bicycles far
short distances. Sharing lifts or the forming of lift-clubs
is better than cars being used for one or two people only.
Using public transport will also help in reducing air
pallutants. In Johannesburg trams, using electricity, could
make their reappearance. This will increase the demand for
power from the power stations, but it will help to reduce the
Formation of smog in urban areas.
b) Homes

Our thoughtful use of electricity could reduce the demands
on power stations. This in turn would reduce the gquantities
of air pollutants produced by these power stations. For
example, we can save electricity by:

switching off unnecessary lights.

setting geysers at an efficient temperature.

installing appliances that are not big users of electricity.
insulating homes to avoid the wure of air conditioners in
summer and excessive heating in winter.

closing doors of heated rooms and sealing draughts.

using smoke—-less fuels such as anthracite.

using smol.eless stoves

avoiding the use of coal stoves for heating if there is
electricity in the home.
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e we shop for commodities, we should be aware of
their impact on the environment.

These changes 1look trivial on an individual scale.
However when a large number of people change their activities
this could have a significant effect on some of aqur air
pollution problems.

Conclusion

The praoblem of air pollution 1is serious. This may make
us feel our future is bleak and inesvitable. It need not be. A
study of air pollution increases our awareness and
understanding of the problem. This is the first vital step
towards finding sclutions to the problem. Now we must use
our ingenuity and adaptability. With our scientific knowledge
and skills of technology, we are well-eguipped to Ffind a
balance between our needs and the preservation of our
environment.
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lLearning Objectives for Unit 10

On completion of this unit students should be able to:

10.1

10.2
10.3
10.4
10.3
10.6
10.7
10.8

10.9

Explain that, to control the problem of air
pollution, it is necessary to consider

alternative sources of energy

alternative compounds to CFCs

alternative life styles by society.
Describe the alternative sources of energy:
nuclear, hvdro-electric, =solar and wind.
List some of the advantages and disadvantages of these
forms of energy.
Name alternative products being used and developed to
replace CFCs.
Describe the production and use of dimethyl ether to
replace CFCs in propellants.
Explain the development of alternatives to CFCs far
refrigeration purposes.
Explain the meaning of the abbreviations "HCFCs" and
"HFCs".
Describe the impact of increasing population on air
pollution.
Describe ways in which we, as members of society can
help in the contrel of air polliution by changing our
life—-styles.
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Waorksheet 10(a) Alternative Sources of Energy

Task 1

Solar energy is an alternative source of energy.

1) Discuss the advantages and problems of using this source
of energy.

11)8uggest ways of using this source of energy 1n vour home.



Task 2
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Koeberg is a nuclear power station 40 km from Cape Town.
Discuss the advantages and disadvantages of this nuclear
power station for South Africa.
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Worksheet 10(b) Alternative Products
(Please write your answers on a separate sheet of paper)

The phrase "Ozone Friendly", appears on most aerosol cans
these days. BSymbols similar to the two shown below are
displayed on the aerosgl cans.

D

Rz

%OO 2
. NG
<~

Task 1
i) What does the term "ozaone friendly” mean?

ii) C.6. Smith Chemicals in Durban manufacture a compound
which is an alternative to CFCs. The trade name of
this compound is Prozone.

The Prozone Plant
of
C.5. 8mith Chemicals
in
Durban
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1i) (continm
What are the trivial and systematic names of this
alternative compound, prozone? {(The projection formula
of prozone is shown below.)

H

I—0) —
o}
I—Q—I
I

iii) What properties of this compound make it suitable
to use as a propellant in aerosols?

iv) This compound is produced by the reactian represented
by the equation:

catalyst
2CH=0H (g) —————> CH=0CH=(g) + H=0(1)

C.G. Smith is able to supply an annual aorder of

1 000 tons of CH=DBCHx per year for the South

African market. What mass of pure methanol, CH=z0H, is
required per year to meet this demand?

Task 2

AECI is manufacturing alternative products to replace the use
of CFCs in refrigerators. Look at the projection formulae and
then answer the guestions belaow:

F H F c1
H—-—C[)-—~F H-———IC———(lJ——F F~—1l:——01
L P !

(a) (b) te)

i) Which compound is the CFC?
ii) Which compound is the HCFC?
iii) Which compound is the HFC?

iv) In what way do HCFCOs and the HFCs represent an
"improvement" on CFCs?

v) Joe Farman (one of the scientists who first discovered
ozone depletion in the stratosphere) has issued a
warning about COFC substitutes. Read this extract taken
from the Star newspaper July, 1991:
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Star 'Blireau

LONDON ~— The British sci-
entist who discovered the
ozone hole over the Antare-
tic has warned that substi-
tutes for the ozone-depleting
CFCs (chlorofiuorocarbons)
will  accelerate  global
warming faster than the
chemical industry admits.

Joe Farman, an atmospher-
ic physicist, described the lead-
ing substitutes for CFCs as
“powerfu] greenhouse gases”.

If industry were allowed to
release large quantities of the
new chemicals — hydrochloro-
fluorocarbops (HCFCs) and the
hydrofluorocarbons (HFCs) —
the potential
phasing out CFCs could vanish.

The chemicals industry has
spent hundreds of millions de-
veloping CFC substitutes,

The iargest CFC manufactur-
er, Du Pont of the US, has, for
example, put its investment at
about R775 million and talks of
spending more than R2,5 billion
over the next vear,

if they are not allowed to pro-

benefits from .

Chemical companies say that .

Expert warns on
CEC substitutes

duce CFC substitutes for long
enough to make a return on
investment, users, such as the
refrigeration industry, will face
a severe c¢risis when CFC manu-
facturing stops in the late 1990s
in accordance with the Mont-
real Protocol.

Speaking in Geneva where
government officials are meet-
ing to start drafting 2 similar
international convention on eli-
mate change, aimed at limiting
global warming, Mr Farman
said the chemical industry
seriously under-estimated the
environmental impact of CFC
substitutes when it claimed
they would add only 1percent
to man-made global warming in
coming decades.

Mr Farman’s arguments —
which are supported by
pressure groups such as Friends
of the Earth — were rejected
by Du Pont's environmental co-
ordinator, Mark McFarland.

“You have to look at the big
picture when judging what are
the best alternatives to CFCs.
That means looking at their en-
vironmental impact, toxicity
and fiammability,” said Mr
McFarland.

Questions

1. What warning is Joe Farman issuing?

2. What are the problems that confront

regard? industry in this
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Worksheet 10(c) Alternative Behaviour by Society .......
Hot Plates!

Look at the drawing below.
Then answer the guestions that follow.
(Use a separate sheet of paper for your answers.)

T

i) Why do you think the woman still wants to keep her coal
stove?

ii) Coal stoves are still used in many homes in the
townships, although the houses have electricity.
Describe the effects of this use of coal stoves on the
quality of the air in the townships.
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Worksheet 10(d) Alternative Behaviour by Scciety......
Wheels, Changes and Predictions!

Task 1

Read this article (from the 8Star newspaper, September, 1991

and then answer the guestions that follow on the next page.

*Have car will travel. Unfortunately, this is what sore
and aore South Africans are doing, They crawl in second and

even first gear for ainutes on end on clogged highways to get South Africa is
10 NOTk. Ibey have‘eyen been seanAbr‘aamg on the side of the slowly joining
road in holiday traffic queues. Anc the authorities answer to the
it all? Hore highways and wider and faster arterials across internationa!l
the suburbs. Bul now soae towns are putting their frot down - trend towards
on the brake. ‘ ending its love
dohannesburg is to get a sophistizated seven-route affair with the
sky-tras snd road tras network, after a two year feasibility car. Although
study concluded by transport consultants, Hasstran, for the we do not have
Departsent of Transport. One of Masstran’s objectives was to severe
reduce the public’s dependence an the car. cangestion yet,
Sandton last week scrapped all plans to bBuild new most members
highvays and widen existing ones. [Car coasuters were of the public no
expecting K25 gillion a year more to be spent on new expanses fonger see new
of tar so that they could pet to work faster. The council roads as an
says it has better uses for the soney. answer to the
A similar trend is evident in Los Angeles where highways problem of
doainate the scenery. Cynics joke about liking to see the increasing
zort of air they are :nhaling. But they have learned a big traffic.

iesson: highways have not solved their traffic probless. They
have aerely spread thea.
Throughout the world a new qeneration of town planners

e beginning to turn on King Car. They argue that zultiple
lane freeways aeant to ease traffic actually attract it. In
turope and the US, where more and wider roads have been built In Sandton, a proposed
to cope with the worseming traffic congestion, esperts are network of arterial roads
nok saying the long tera selution lies not in wider or extra (a six-lane highway was
highways - 1in fact, it lies in the very opposites rars sust to he built!) created a
02 G1ECOUTaged. huge backlash. Sandton
The public,too, is turning against cars - at least as a aanagesent coasittes
cosauting vehicle. It recognises cars as a sajor contributor chairaan Bruce Stewart
to glopal warasing (greenhouse gases come out of the exhaust gaid that 800 letterce
vipe). The public has become aware of the toxic pollutants which crossed fis desk
ezitted at ground level which are saking people i1l and hao been unaniagusly
caueing craps to wilt, against the major road plan.
Athens, one of the three eost populated cities in the Hr Stewart, a town planner
world, is cutting down on traffic by allowing cars with oo by profession, believes the
aumper reglstration plates to enter the city one day and even public sust be offered an
nugbers the next, Santiagp Chile, 15 1splementing  similar alternative to the car as
cysies. South Africa 1s 2lso showing defintte trenas towards far as getting to work 13
ending its love affair with the car, concerned. His formula for
Suburoan peopie, especially, perceive highways as Sandton 15 to encourage sore
threats ta the peace of thewr suburbs. Suddenly “squeeze of the public to use publiic
points’ are ini so are speed bueps and traffic izlands; transport, In additian inter-
anything to siow down traffic and redece its noise too, The sections must be iaproved
expressian ‘traffic caleing” has becose a catchphrase. and traffic lights syncnronised.?
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Questions
Please answer on a separate sheet of paper:

i) What "behaviour" is discussed in the article?

ii) Discuss the problems being experienced by this
"behaviour".

iii) What solutions to these problems have been offered in
the past?

iv) What solutions to these problems are being used or
planned? Include in your answer solutions in South
Africa and in other countries in the world.

v) Why is the ‘"public" expressing concern about this
"hehaviour""?

vi) Discuss the contribution you and your family make to
this problem.

vii) Describe ways in which you think you (and your family)
could contribute to solving this problem.

Task 2

On a separate sheet of paper, make a list of your activities
(in a typical day) that contribute to air pollution. List the
air pollution consequences of these activities and the
changes vyou could make in these activities that would he:p
reduce air pollution. Use these headings for your records:

MY ACTIVITIES AIR POLLUTANTS PRODUCED POSSIBLE CHANGES

Task 3
Comment on this prediction.
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Solutions to Worksheets for UUnit 10

Worksheet 10(a) Alternative Sources of Energy

Task 1

1} Advantages

1i)

Abundant
Renewable

Distributed " free of
Charge"

Very clean — no air
pollution

Problems in Using this Source
Dispersed and intermittent

Difficult to use, at present

Substances used to “collect"
and store this energy could
pose problems in other areas
ie. cause other +forms of
pollution but not air pollution

The space available on the roof of a house could be used
to set up solar heaters for heating water. I+ the house
is insulated so that the warmth does not easily leave the
house, the Sun’s energy could be used to warm the house

Iin winter.
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Task 2

Advantages

1.
2.

4.

3.
6.

No air pollution during normal operation.

In South Africa, Koesberg functions to provide electricity
i regions remote from the coal mines. These regions are
also remote from our coal-fired power stations. Therefore
transporting coal or electricity to these remote regions
would make electricity very expensive.

Koeberg can use cold Atlantic sea water for cooling. This
saves scarce water resources (normally used in coal-fired
power stations.

Fuel source (uranium coxidel) is compact and easily
transportable.

Nuclear power station only refuelled once a year.

South Africa has reserves of wuranium.

Disadvantages

1.

2.

If accidents occur, there may be very serious
Consequences.
The nuclear wastes pose problems +for their disposal.

I
0
-3
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Worksheet 10(b) Alternative Products

Task 1

i)

ii)

111)

iv)

The term means that the gas used to disperse the.
contents of the aerosocl (ie the propellant) is not a
CFC. Therefore the propellant does not destroy the oczone
in the stratosphere.

Trivial name — dimethyl ether
Systematic name — methoxymethane

Prozone is a gas at room temperature and pressure.
Frozone is miscible with water, therefore its
Flammability can be reduced.

Prozone is odourless and non—irritating to the skin.
Prozone breaks down rapidly in the atmosphere to produce
car on dioxide and water and so does not pose the same
air pollution problems as CFCs.

Mass of dimethyl ethe: needed per year
1 000 tons

1 000 x 1 000 kg

10¥ x 10¥ x 10 g = 10¥ g

Amount of dimethyl needed per year 10%® g

46,07g mcl—+

2,171 x 107 mol

From the equation,
The production of 1 mol dimethyl ether requires 2 mol
methanol

Therefore the production of 2,171 x 107 mol dimethyl ether
requires 2 x 2,171 x 107 mol methanol

Therefore the mass of methanol

2 x 2,171 x 10 x 32,04 g
1,391 x 10%¥ g
1,391 tons methanol per year

W nn

Task 2
1) The CFC is compound (c)

i1i) The HCFC is compound (a)

iii) The HFC is compound (L)

iv) HCOFCs and HFCs are more vreactive than CFCs because of

the presence of a C-H bond. The hydroxyl radical

(Unit B) present in the atmosphere reacts with these
molecules before they reach the stratosphere.

HCFCs have fewer chlorine atoms (and HFCs have no
chlorine atoms). Therefore destruction of ozone in the
stratosphere should be reduced.
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Questions (from newspaper article)

i.

Joe Farman is warning that HCFCs and HFCs could contribute

to possible global warming, as they are "gireenhouse
gases" .

Companies have invested large amounts of money in the
development of alternative products. Therefore a reduction
in the production of these alternatives will pose ecocnomic
problems for the companies.
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Worksheet 10(c) Alternative Behaviour by Socigty.....
Hot Plates!

i) Some of the student answers may include the +following:
Coal is cheaper to warm water.
It is easy to buy coal in the townships.
Electricity is expensive: when coal is ussd she knows
how much she Is spending.
The coal stove keeps the house warm.
It is good to sit and talk around the cocal stove in the
evenings.
She can use the coal stove if the electricity supply
is cut off.

ii) The use of coal stoves in many houses in the townships
causes the following:
Vigibility is reduced by the pieces of soot (smoke)
that settle around the houses. It is sometimes dark
even at 10 o'clock in the morning and car lights have to
be switched on.
The soot dirties the outsides of buildings, the insides
of houses, the clothes on the washing line.
The smoke Iirritates eyes, causes throat and chest
Irritation and conditions such as bronchitis and asthma.
In Unit 2 and Unit 9, we learn that coal stoves in
townships such as Soweto, release more fly-—ash and
sulphur dioxide than some of the largest coal—-fired
power stations in South Africa.

NB. The purpose of this worksheet is to stimulate a
discussion among the students. This activity aims to make
students more aware oF the problems associated with the
use of coal-stoves. This awareness could lead to changed
lifestyles in the future.
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Worksheet 10(d) Alternative Behaviouyr by SoCIiEty...vcees
Wheels, Changes and Predicticons!

Task 1
i) The use of the motor car, is the '"behaviour"
being discussed in this articlie.
ii) Problems experienced are: .
Slow maovement of traffic with vehicles travelling In
first or second gear. Roads are “clogged' with
traffic. Motor vehicles produce exhaust gases which
contribute to possible global warming and
photochemical smog. This smog mekexz people ill and
damages vegetation.

iii) Solutions Iin the past, involved the building of more
roads/freeways and the widening of existing roads.
However, these solutions simply attracted more cars!

iv) New solutions are:
1. Discouraging the use of the car.

Eg. In Athens, cars with odd numbers are allowed to
enter the city on one day and even numbers the
next.

Eg. In South Africa, plans are being developed
to use a "“"sky tram' and “road tram' system using
electricity.

2. Citizens are being asked to use publ (c transport.

v) The public is expressing concern as they become aware
of air pollution problems.

vi) Contributions to the problem by some families are
eg. use of cars for frequent, short trips
eg. trips In car for 1 or 2 people

vii) Contributions to sclutions could be
eg. walking or using bicycles for short trips
eg. planning the use of the car so that many tasks
can be accomplished in one trip
eg. formation of lift clubs
eg. use of public transport

Task 2

The purpose of this activity is to hightlight the involvement
of us all in the problems of air pollution.

Solutions may not always be apparent. However an awareness
of the complexity of the problem is the first step towards
finding solutions. Some interesting discussions could emerge
from this exercise. A few examples are listed on the next

page.
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MY ACTIVITIES

AIR POLLUTANTS

POSSIBLE

PRODUCED CHANGES
Bathed in {0z, 502, HO., fly-ash, Installation
hat water €0, hydrocarbons, soot of a solar
froa coal-fired power heater

station

Kashed in water
heated an coal
stove

0z, S0z, NO., fly-ash,
€0, hydrocarbons, soot
froa burning coal
Produces saeg in
suburbs/townships

lise of electricity
for heating water
{although as we
see above this alsp
gives rise to
probless. However,
at least local air
polivtion is reduced.)

Ate cereal and
211k for breakfast

Fertilisers produce

N20 which can cause
czone depletion

Cows (for ailk} increase
gethane concentration
which contributes to
possible global waraing
Transpart of these
products contributes to
ghotocheaical smog,

air rollution by lead
compounds etc.

{¥aybe sone interesting
discussions here!!}

Task 3
The purpose

despair
feel that

is a serious problem.

to find solutions

will depend

of this
about the problems
ultimate destruction is

to these
our skills

task is

to stress that we
of air pollution.

Inevitable. Air pollution

should not
Nor should we

However the "alternatives" suggested In
this wunit are presented to show students that we may be able

serious problems.
(offered by

The solutions
science and

willingness to change our
world population must
balance between our
the nature of the

ingenuity and
The very rapid growth in
have to Ffind a
impact they have on

technology/’,
lifestyles.

be reduced. We will
activities and the
atmosgphere.
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Glossary
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Glossary

Included in this short glossary are terms/phrases used in
the package which may need clarification. Terms/phrases that
have been defined in the text are not restated here: a

reference to the relevant unit and page number is given.
Words that are not used 1in this rescurce package but which
may be encountered in further reading or via the media, have
been marked with an asterisk, X

A

acid rain - Unit 7 page 170.

aerosal -~ (scientific definition) Unit S page 117.
— (popular usage) spray can (aesrosol can) in which
pressure of a gas is used to scatter ligquid
contents in a fine spravy.

air — mixture of a variety of gases found in Earth’s
atmosphere. The composition of the mixture varies with
altitude.

air pollution - Unit 2 page 33.

¥ air quality standard - concentration of an atmospheric
pollutant permitted during a
specific time in a specific area.
Standard is set by the Department of
Health.

alternatives — choices of a different approach to a problem
or situatian.

altitude ~ height above sea level.'

AECI -~ African Explosives and Chemical Industry: one of South
Africa’s largest manufacturers of chemicals, plastics,
explosives, fertilisers.

¥ ambient air - surrounding air in a particular place.
anaerobic decay - reactions of substances in dead plants or

animals {(as they decompose) in the absence
of oxygen.

atmosphere — Unit 1 page 7.
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B

bacterial decay -~ changing of substances in dead plants or
animals (as they decompose) by means of
very small organisms living in the air,
soil ar water.

baghouse filter - Unit 9 page 215.

benign climate - weather conditions that are relatively
pleasant anc easy to live in.

biosphere — the living part (plants and animals) of Earth.

boffin - a scientist based in scientific research.

C

carbon cycle - Unit & page 144.

carbon dioxide {(C0z) — Unit 3 page 69.

carbon monoxide (£0) - Unit 3 page 6°9.

cataract of the eye — the lens of the eye is clouded
(opague) instead of being clear so the
person cannot see properly.

chain reactign - a reaction in which one or more reactive
reaction intermediates (often radicals)
ar= continuously retormed by a cycle of
repeated reactions.

chemical feedstock —~ {(as used in an industrial context)
substances which are used on a large
scale in industry as reactants in
chemical reactions to produce a variety
of other substances.

chlorofluaorocarbons (CFCs) - Unit 4 page 99.
clouds - visible aerosols of water in the atmosphere
i) cumulus clouds - dense, dome-shaped clouds with
rounded edges.
ii) cirrus - thin, fragile, very high clouds with

delicate filaments or narrow bands.

¥ cleanse — (as used in the context of air pollutiom
changing and/or removal of air pollutants from
the atmosphere by chemical reactions and/or
precipitation in rain etc.
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coal - Unit 3 page 68.

concentration - the ratio of the mass, volume or amount of a
solute in proportion to the volume, mass or
amount of solvent or solution.

combustion - the rapid reaction of a substance with oxygen
(also called burning). Energy and light are
released during this reaction.

commodity — a useful article that is usually sold or traded.
cosmic radiation — electrons and nuclei reaching the Earth

+rom outer space.

£g8iIrR ~ Council for Scientific and Industrial Research

cvclone - Unit 9 page 216

D

defaorestation — the cutting down and destruction {(usually by
burning) of trees in forests. The cleared
land is then used for other purposes eq.
building, agriculture.

density — the mass per unit volume, of a substance, at a
specified temperature and pressura.

diffusion - spreading of substances from a region of high
concentration to regions of low concentration
until a uniform concentration is reached.

dinitrogen oxide (N=z0) - Unit 4 page 102.

dry deposition - Unit 7 page 176.

¥ dump — {(used in the context of air pollution) to release
substances into the atmosphere.

dust - small, dry, solid particles that may be

released into the air by wind, or activities such as
grinding.
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electvrostatic precipitator -~ Unit % page 215.

enissions — (as used in the context of air pollution) the
release of air pollutants into the atmosphere.

¥ emission _source - source of air pollution eg.
i) point sources such as power stations.
ii) mobile sources eg cars.

enhanced agreenhouse effect — Unit 6 page 142.

ESKOM - Electricity Supply Commission ie. the industry
supplying electricity to the Republic of South

Africa.

F

flammability — the ease with which a substance burns.

¥ flue gas - waste gas from combustion process.

fly—-ash - Unit 3 page 70.

fog - Unit 5 page 117.

fosgil fuel - substances such as coal, oil, and natural gas
which have formed over millions of years
through the anazsrobic decemposition of
vegetation under extreme pressure in the
Earth’s crust.

fuel - substance which is burned to make energy available.

¥ fumes - emissions which are unpleasant or unhealthy.

G

global air pollution - Unit 2 page 34.

greenhguse — a building which has a glass roof and glass
walls. Plants, that need to be protected from
the cold, are grown in it.

greenhouse effect - Unit 1 page 13.
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green politics - politics concerned with the protection of
the natural environment.

ut bacteria - bacteria living in the organs of animals where
food is digested.

H

haze - reduced visibility caused by the presence of fine dust
(particulates) ar aerosols in the atmosphere.

height - perpendicular distance from the base to the top
of an object.

homogenesous mixture — mixture of substances which appear
' uniform to the eye ie. only one phase
is observable.

hydrocarbons - Unit 3 page 71.

hydro-electric energy - electrical energy made available
using the movement of water through
turbines.

.

hydrosphere - Unit 1 page 7.

hydroxyl radical ~ Unit B page 198.

Ice-Age — a very cold period of time, lasting many thousands
of years, when the Earth’s surface was covered with

ice.

Industry — work and processes involved in making commodities.

Industrial Revolution - the rapid and widespread change in
production methods, in the 19th
century, in which commodities
were made by machines rather than
manual labour.

incomplete combustion - reaction of & substance with oxygen
which does not go to completion
because there is insufficient oxygen.

infrared radiation - electromagnetic radiation with

wavelength ranging from 760 nm to
1 x 10* nm.
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inorganic compounds - compounds which do not contain carbon
{(with the exception of cyanides and
carbonatas)

L

lead compounds - see Unit 3 page 72

legislation - laws of the state/government.

¥ level - a misleading term, often used to describe
the concentration aof a substance.

lacal air pollution —~ Unit 2 page 34.

M

macroscopic scale — on a large scale ie. visible with the
nakel eye.

media - (as used in this rescurce package) means of spreading
the news/ infaormation, eg. television, radio,
newspapers etc.

mesppause - Unit 1 page 16, 26 A.

mesosphere — Unit 1 page 11.

microscapic scale - on a very small scale. Not visible with
the naked eye nor with a very powsrful
microscope : an atomic/molecular scale.
(The term should strictly be
"sub-microscopic".)

¥ mine - (as used in the context of air pollution) to use
substances in the atmosphere.

mist - Unit 5 page 117.

Montreal Protocol - Unit 8 page 201.

methane - Unit & page 145.
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N

natural gas — Unit 3 page 72.

nitrogen dioxide (NOz) — Unit 3 page 69.

nitrogen oxides (NO.) - Unit 3 page 69.

nitrogen monoxide (NO) -~ Unit 3 page 69.
nuclear energy — energy made available from nuclear
reactions.

O

gil - Unit 3 page 71.

ozone — Unit 4 page 96.

ozone hole — Unit 4 page 106, 112.
ozaone layer - Unit 4 page 106, 112,

czone friendly - Unit 10 page 257, 265

P

particulates — small, solid pieces of matter which may
be dispersed in the atmosphere.

peat - decaying plant material found in the ground in cool,
wet, areas. It can be used for fuel.

peroxvacetvlnitrate (PAN) — Unit 5 page 122.

photochemical reaction - Unit 1 page 10.

photochemical smog — Unit S page 119.

¥ plume - (as used in the context of air pollution) visible
aerosol, emitted from chimney stacks.

power — rate at which energy is made available or the rate
at which work is done.

polar vortex - Unit 4 page 102.

precipitation - (as used in this resource package)
deposition of water from the atmosphere in
the form of snow, rain, hail, dew etc.
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primary asir pollutants - Unit 2 page 34.

projection formula ~ formula showing the sequence of atoms
{but not the 3-dimensional structure)
of a molecule, ion or radical.

prapellant - (as used in this resource package)! gas under
pressure used in aerosol (spray) cans
to carry contents out of the can in a fine
spray.

Prozone — Unit 10 page 250.

R

radical - a reactive atom or group of atoms with an
unpaired electron.

refrigerant gacs — gas used for coocling in aivr conditioners
and refrigerataors.

regional aivr polluticon — Unit 2 page 34.

residence time — (as used in the context of air pollution)
average time a molecule spends in the
atinosphere after it has been released into
the atmosphere.

reservoir — (as used in this resource package) part of Earth
where large guantities of a substance can be
found.

ruminants — animal able to bring food back to the stomach to
rechew eg. cows, sheep, deer.

8AS0L - a large industry in South Africa, which makes
0il and other important substances, eg. plastics,
solvents, waxes, tars, from coal.

secondary air pollutants - Unit 2 page 34.

simulation ~ an attempt to copy, or mimic, actual
situations/conditions.
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¥ sink - (as used in the context of aivr pollution) part of
Earth where air pollutants are deposited (often in a
different form) after they are removed from the
atmosphere.

solar radiation - electromagnetic radiation emitted by the
Sun.

smoke — a visible aerosol produced during incomplete
combustion.

soot ~ solid, black particles, composed largely of carbon,
produced during incomplete combustion.
species ~ atoms/ mplecules/ions/radicals with characteristic
structure and composition.
stable air —~ Unit 1 page 10.
stratopause — Unit 1 page 16, 26A.
stratosphere - Urit 1 page 10.

sulphur digxide (80z) — Unit 3 page &9.

sulphur trigxide - Unit 7 page 175.

systematic name - name of a chemical compound based on a
set of rules decided upon by IUPAC
(International Union of Pure and Applied

Chemistry).
technplogy - activity in which scientific knowledge and
approach are used for practical purposes eg.
in industry, medicine.
temperature inversion - Unit 1 page 10.

thermosphere - Unit 1 page 11.

toxic - poisonous and may damage health or cause death.
trivial name - name of a chemical compound which is not based

on a system of rules and is often related to
the source of the substance.

tropopause - Unit 1 page 10.

page 279




troposphere — Unit 1 page 10.

turbine - machine which turns when a stream of air, gas,
water or steam pushes the blades of a wheel and
makes them turn.

U

ultraviolet radiation ~ electromagnetic radiation with
wavelength 40 -~ 400 nm

V

volatile - evaporates easily under standard conditions
(25 “C and 1 atmosphere pressure).
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Examples of Multiple Choice Questions

1. The atmosphere extends to an altitude of approximatsly
a) 10 km b) 20 km
c) 1 km d) 300 km

g) 2 000 km

2. The approximate percentage of carbon dioxide present in
the lowsst region of the atmosphere (troposphere) is
a) S0% b) 0,03% c) 30% d} 25% e) 1%

3. Which statement is incorrect?

a) The atmosphere protects life from harmful solar
radiation.

b)Y The "greenhouse" or energy trapping effect of the
atmosphere is harmful to life.

c) The properties and composition of the atmosphere are
not the same throughout.

d) Scientists believe that the composition of the
atmosphers has cnanged over the billions of years
since the "birth " of the planet.

e) The atmosphere is naturally reactive.

4. Which graph is a correct representation of the variation
of the temperature of the atmosphere with altitude?
a) b) c)

Altitude —»

Altitude
fltitude ——>

411
Teaperature —— Tesperature -——> Temperature  —

Altitude —
Altituds —>

I
mn

Temperaturz ——————> Temperature  ————
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5. Which diagram is a correct representation of the
distribution of particles in the atmosphere?

ﬂh

c)
IR ol g, .
. « s " ® e s Len .
» . . TR A S
R L. N ‘-. s . .". '.o" .4’
. . .- " s- LI M S A
e . * c e - . s, Lt L~
Iy . . . R . - ot
S e . - . ¥ e, -t . . *
. . . . . ..
. * 3 »
N
P Earth Earth
el
d)

6. Which diagram is a correct representation of the
microscopic nature of the air in the lowest region
{the troposphere) of the atmosphere?

( §§= nitrogen atom, CD = oxygen atom)

® @ '
O @
® @

® O

® o

c)

gir between
particles
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7. Air pollution
i) can occur when the concentration of a substance

occurring naturally in the atmosphere is increased.

ii) can occur when the concentration of a substance
occurving naturally in the atmosphere is decreased.

iii) only occurs when substances that do not naturally
occur in the atmosphere enter the atmosphere.

iv) is only caused by substances in a gaseous
state.

The correct answer(s) is/are
a) (i) only

b)Y (i) and {(ii)

c) (iii) only

d) (iii) and (iv)

e) (i) and (iv)

8. The percentage of the atmosphere that air pollution
affects (in total) is:
a) more than 30%
b) about 10%
c) about 20%
d) about 3%
e) less than 0,05%

9. Air pollution is a result of the activities of
(i) Industry
(ii) The rich
(iii) The poor
(iv) Science and technology

My answer is

a) (i) only

b) (i) and (iv)

c) (i), (ii), (iii) and (iv)
d) (i), (iii) and (iv)

e) (ii) only

10. Which statement is correct?

a) CFCs occur naturally.

b) It is only CFCs that destroy ozone in the
stratosphere.

c) Ozone, produced during the formation of photochemical
smog in the troposphere, can drift upwards and
replace ozone which is being destroyed in the
stratosphere.

d) Ozone is very unreactive.

e) The concentration of ozone in the stratosphere
is greater than the concentration of ozone in the
troposphere.
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Answers to the multiple choice guestions are:
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Examples of Trua/False statements

1. Approximately 90% of the world’s energy comes from the
combustion of coal and oil.

2. Both coal and oil are classified as fossil fuels.
3. Coal is composed of carbon only.

4. The cnly products formed when coal is burned are:
ash, soot, carbon dioxide and carbon monoxide.

5. The ash, produced by burning coal, does not present any
air pollution problems because it is solid and can easily
bz removed.

6. South African coal has a low sulphur content. Thersfore
the release of sulphur dioxide from coal combustion is
negligible.

7. The burning of coal in households can produce worse air
pollution than that produced by power stations.

8. In South Africa, coal-fired power stations burn more
coal than industries such as ISCOR.

9. Nitrogen oxides (which contribute to air pollution
problems) are only produced by industrial processes.

10. The total contribution to air pollution by motor
vehicles, is very small compared to inoustry.

11. The temperature in parts of a running car engine is
sufficient to bring about a reaction between nitrogen
and oxygen in the air.

12. Petrol sold in South Africa contains lead compounds.

13. The only products formed when petrol is burned in
engines of motor vehicles are: carbon dioxide, carbon
monoxide and lead compounds.

14. Natural gas is mostiy mithane.

15. In South Africa, natural gas deposits have been
discovered near Mossel Bay.

16. The chemical formula of ozone is O=.

17. The conmzentration of ozone is the same throughout the
atmosphkare.

18. Once ozone is destroyed in the stratosphere, it can
never be reformed.
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19.

20.

21.

22.

23.

24,

235.

26.

27.

28.

2%9.

30.

31.

32.

33.

34.

The sky is blue because oczone is blue gas.

CFCs are compoun  whose meolecules consist of
chlorine, fluorine and carbon atoms.

Both CFCs and dinitrogen oxide (N=0) destroy ozona in
the stratosphere.

One chlorine atom released from a CFC molecule, is
capable of destroying approximately 100 000

ozane molecules.

CFCs are only used in industrial processes.

CFCs occur naturally in the atmosphere.

CFCs are unreactive in the troposphere but become
reactive in the stratosphere.

All solar radiation that enters the atmosphere, reaches
the surface of the Earth.

Dzone is the only substance in the atmosphere capable
of absorbing radiation ef wavelength 220 - 330 nm.

Solar radiation of wavelength 220 - 330 nm is harmful to
life.

A photochemical reaction can agnly be brought about by
visible light.

With modern technology, scientists never make mistakes.
Smog is only a combination of smoke and foag.

Smog is mainly an urban problem.

Smog only forms on a cold, wet day.

Smog only results fram the burning of coal.

Smog is not a praoblem in South Africa.

Weather plays an important role in the formation of
smog.

Smog can have a detrimental effect n health.

Smpg is only caused by industria activity.

Ozone has only beneficial effects in the atmosphere.
Ozone is not present in the lowest region (the

troposphere) of the atmosphere.
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41.

42.

43.

44,

43.

46,

47.

48.

49,

50.

a1,

S2.

S3.

a4.

33.

S6.

57.

58.

S8unlight and some of the gases released from motor
car exhausts, can result in smog formation.

Nitrogen oxides are formed when nitrogen and oxygen
combine in the very hot parts of the car.

Hydrocarbocn compounds, released from motor car exhausts,
are invalved in chemical reactionz which produce
photochemical smog.

Ozone accumulates during the formation of photochemical
smog.

Science and technology have no means for controlling
photochemical smog.

The “greenhouse effect" of the atmosphere is beneficial.

The possible global warming (that scientists are
concerned about) is a result of the Sun getting hotter.

Approximately 45%4 of the Sun’s energy that enters the
Earth’s atmosphere, reaches the surface of the Earth.

The atmosphere is warmed directly by the Sun’s energy as
it passes through the atmosphere.

The atmosphere is warmed by erergy being radiated from
the Earth’s surface.

All gases in the atmosphere are capable of absorbing
infrared , adiation (energy that causes heating).

Gases that contribute to the problem of an enhanced
"greenhouse effect" include: carbon dioxide, ozone,

dinitrogen oxide, methane, CFCs.

Human activities such as agriculture and cattle farming,
do not contribute to air pollution problems.

The burning of coal and oil, is a major contributor to
the problem of an enhanced "greenhouse effect".

At present, scientists can predict, with certainty, the
consequences of an enhanced "greenhouse effect'.

Once carbon dioxide has been released into the
aimosphere, it remains there farever.

The atmosphere prevents the Earth having scorching hot
deys and freezing nights.

Carbon dioxide concentrations in the atmosphere have
increased rapidly since the Industrial Revolution.

page 288



39.

&60.

&1,

62.

63.

b4.

65.

b6b.

&7.

68.

&9.

70.

71.

72.

73.

74.

73.

76.

Cutting down trees has no effect on the carbon dioxide
concentrations in the atmosphere.

If the average surface temperature of the Earth were to
increase, the only effect would be the rising of the
level of the sesas.

Rain is naturally neutral with a pH of 7.

"Acid rain" is a consequence only of increased
carbon dioxide concentrations in the atmosphere.

Rain and snow with a pH = 2,1 has fallen in Britain.

Acids such as sulphuric acid, nitric acid and
hydrochloric acid have been detected in rain.

"Acid rain" is not a problem in South Africa.

The rate of release of sulphur dioxide into the
atmosphere as a result of human activities, exceeds the
rate of release of sulphur dioxide from natural sources.

CFCs contribute to the problem of "acid rain".

Combustion of fossil fuels (coal and oil) is a major
contributor to the problem of "acid rain".

Some gases released from vehicle exhausts contribute to
the problem of "acid rain'.

Industries contribute more than coal-fired power
stations, to the problem of "acid rain".

The contribution of industry to the total concentration
of nitrogen oxides in the atmosphere, is greater than
the contribution of transportation.

The death of fish in lakes in Europe and America, has
been a consequence of '"acid rain'.

It is a fact that "acid rain” alone has been
responsible for the death of large numbers of trees in
the forests of Europe and America.

The use of tall chimney stacks has overcome the problem
of "acid rain".

Damage by "acid rain' only occurs close to the source
of gases causing this air pollution problem.

There are natural processes which remove air pollutants
from the atmosphere.
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77.

78.

79.

g80.

81.

82.

83.

84.

85.

B&.

87.

8.

89.

Q0.

Q1.

92.

?3.

All air pollutants remain in the atmosphere for the same
length of time.

For the concentrations of substances in the atmosphere
to remain constant, the rates at which they are released
into the atmosphere should be equal to the rates at
which they are removed from the atmosphere.

Air pollution results when the rates at which air
pollutants are released into the atmosphere, exceeds the

rates at which natural processes remove air pollutants
from the atmosphere.

There is no law in South Africa to contral air
pollution.

In South Africa, no research is conducted into aivr
polluticon problems.

International agreements have been reached concerning
some air pollution problems.

South Africa has never manufactured CFCs.
CFCs are compounds that do not occur naturally.
The production of CFCs in South Africa has been reduced.

It is praoposed that no CFCs will be produced by the year
2 000.

I+ the production of CFCs is stopped, the air pollution
problems associated with them will be immediately
solved.

The destruction of ozone in the stratosphere is a glabal
air pollution problem.

The Mantreal Protocol is an international agreement to
reduce CFC production.

All nations of the world have signed an agreement to
reduce LFC production,

There are no methods available for controlling the
release of particulates into the atmosphere.

Cyclones are very efficient devices for reducing air
polliution.

At present, there are na techniques available for
reducing the release of sulphur dioxide into the
atmasphere.
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94.

935.

96.

97.

78.

95.

100.

101.

102,

103.

104.

105.

106.

107.

108.

109.

110.

Industry could make use of technology which would
eliminate air pollution completely.

The costs of installing and using technology to reduce
air pollution, is small compared with other costs faced
by industry.

The use of tall chimney stacks by industry solves all
air pollution problems.

Catalytic converters cannot be used in South Africa
because there are lead compounds in our petrol.

ESKOM does not use technology to reduce the release of
sulphur dioxide into the atmosphere.

Fly-ash from coal-fired power stations can reduce the
guantity of fertilisers farmers need to use.

Supplying electricity to towns in South Africa, has
totally reduced air pollution from coal fires.

In some areas in South Africa, the air pollution from
domestic coal fires exceeds aivr pollution *vom

coal-fired power stations.

Petrol is the only substance that SASOL produces From
coal.

The only use for cral is to supply us with energy when
the coal is burned.

I+ coal—-Ffired power stations in South Africa use
improved technclogy to control air pollution,
electricity could become too e.pensive for many people.

Industry never monitors the gt antity and nature of the
air pollutants produced by its activities.

There are no alternative sources of energy which
praduce less zir pollution than coal and il when
burnt.

Air pollution has been reduced by the use of nuclear
power statiaons.

There are no nuclear power stations in South Africa.

Natural gas produces much less air pollution than coal
when it is burned.

Africa has energy available for hydro-electricity.
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111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

At present it is easy to use the energy from the Sun
for most of our energy needs.

It is not possible to use the energy from wind.
There are no alternative products to CFCs.

South Africa manufactures some alternative products
to CFCs.

HCFCs are more reactive than CFCs.

HFCs are compounds whose molecules are composed of
hydrogen, fluorine and carbon atoms only.

It has been suggested that HCFCs and HFCs could
contribute to global warming.

The size of the world population contributes to the
problems of air pollution.

The use of public transport by more people will help
reduce air pollution.

Changing some of our everyday activities will help
reduce air pollution.
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Answers to True/Falce Statements

~
.

5

g.
13.
17.
21.
25.
29.
33.
37.
41.
45.
49.
53.
57.
61.
65.
&Y.
3.
7.
a1.
85.
89.
?3.
?7.
101.
105.
109.
113.
117.
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6.
10.
14.
18.

22.

26.
30.
34.
38.
42.
46.
50.
54.
56.
&2,
&6.
70.
74.
78.
B2.
Bs.
0.
?4.
F8.
102.
106,
110.
114.
118.
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7.
11.
15.
19.
23.
27.
31.
J35.
J9.
43.
47.
51.
55.
59.
63.
&57.
71.
75.
79.
83.
87.
F1.
¢5.
@%.

103.
107.
111.
1185.
119.
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8.
12.
16.
20.
24.
28.
32.
36.
40.
44.
48.
352,
56.
60.
&4.
é8.
2.
b,
80.
84.
58,
?2.
P6.
100.
104.
108.
112,
116,
120.
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Statements to which Students Agree/Disagree
(For suggestions on how to use these, refer to introduction
to the Package.)

Please respond to these statements. For each of these
statements choose your response from the following responses
(a), (b, (c), (d) or (e) and mark the appropriate letter
tay, (b, (o), (d) or (e) faor your response next to the
number of the statement.

(a) I agree strongly with this statement
(b)Y I agree with this statement
{(c) I have no opinion about thic statement
(d) I disagree with this statement
(e) I disagree strongly with this statement
1. "Economic and political issues are more important to me

than the issue of air pollution”
2. "There is no air pollution where I live"

3 "Air pollution is not a problem in the Republic of
South Africa" .

4., "It is only the forms of air pollution that can be seen
or smelled that are important"

3. "Once pollutants have entered the atmosphere they remain
there for ever"

6. "The media always repart air pollution issues
accurately"

7. "Environmentalists are able to predict with certainty
the consequences of aiv pollution®

8. "Industry is nnrt concerned about aiv pollution®

Q. "Technological/industrial development should be stopped
in order to preserve the atmosphere"

10. "Air pollution is uncontrollable and will increase
steadily until life is destroyed”

11. "Air pollution can be cantrolled, using science and
technology, but it will need a constant monitoring of
the risks and banefits of our activities®

12. "1 contribute very little to air pollution and thus have

no role to play in its control®

13. "To improve air pollution control we must be prepared to
pay more For t'vings"
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