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Pfef ace 
MOST OF US live in environments which are so constantly polluted 
that we tend to forget how brilliant the sky can be, how fragrant the 
air, how clean tasting the water. We become progressively tolerant of 
pollution and come to accept it as a matter of course. 

This tolerance is helpful since it allows us to function in a more or 
less normal way despite environmental pollution, but it can be very 
dangerous in the long run. Levels of pollutants which are so low as 
not to cause obvious and immediate effects may elicit undesirable 
and even grave body reactions on prolonged exposure. The increase 
in the incidence of chronic pulmonary diseases and of certain forms 
of cancer, for example, can almost certainly be traced to the 
ubiquitous presence of pollutants in industrial and urban 
environments. 

We have no instinct to warn us of the dangers posed by modern 
pollutants, and most of them indeed are not even detected by our 
senses. We absorb lead, asbestos, pesticides, and thousands of other 
potentially toxic chemicals without being aware of their presence. 
The only possible approach to the control of pollution, therefore, is 
to develop practical scientific methods of detection so as to make up 
for the lack of warning instincts and of sensual perception of 
pollutants. This is precisely what Elliott Blaustein has done in his 
book ANTIPOLLUTION LAB. He has shown that practical and 
inexpensive methods are now available for the detection of many 
different kinds of environmental pollutants. 

It is certain, on the other hand, that the modern environment 
contains many potentially toxic substances which have not yet been 
recognized, or identified. For example, it is only during the past few 
years that we have become aware of the damage done to the body by 
minute amounts of the asbestos used Lor insulation or of the nitrogen 
oxides produced by motor cars. We must therefore learn to detect 
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disorders of the body caused by pollution, even though we do not 
yet know the nature of the pollutants which are responsible for these 
disorders. Here again, Elliott Blaustein serves as a useful guide by 
describing practical methods for the measurement of abnormalities 
and deficiencies in body processes caused by pollutants, known or 
unknown. 

Environmental pollution is so ubiquitous and diversified, its 
effects so vast and ill-defined, that the complexity of the problem 
tends to discourage social action. As already mentioned, we have no 
instinct to warn us of the presence of pollutants or to guide us in the 
development of control measures against them. 

The great merit of Elliott Blaustein’s book is to demonstrate that 
we can use simple and practical scientific techniques to detect 
pollutants as well as their effects on the body, and also to develop 
action programs which will once more render our environment 
healthy and pleasurable. 

Rene’Dubos 
The Rockefeller University 
New York, New York 1002 1 
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INTRODUCTION 

EVERYBODY TALKS about pollutici1, but now you can _ do 
something about it, Newspapers, television and radio repeatedly tell 
us how badly polluted our world is becoming. If you live in or near a 
town or city, or an industrial area, you will undoubtedly find that 
pollution is fairly heavy in your own community. While you may not 
be able to solve the pollution problems of the world, you can help to 
solve this problem in your community. 

This book helps you to understand how pollution affects your 
well-being and your very life. It provides the techniques 2nd 
procedures to locate the pollution sources in your community, to 
measure Iz::w much pollution exists there, to examine the nature of 
some of the pollutants, and finally, to gather information that will’be 
useful to the people in your community who are fighting pollution in 
the social and political arena. In addition, we are going to look into 
the problem of how to reduce pollution in our community. 

Pollution can be studied on many different levels. The highly 
trained scientist *will make faster and more accurate measurements 
than we can. However, with the procedures offered here, we can 
gather valuable and necessary data that will contribute to the fight 
against pollution. 

How To Use This Book 
This book is divided into three sections: air, water and solid 

pollution. While noise pollution iS an important part of the problem, 
it is not included here because of space limitations. Each section 
opens with simple investigations that you can do. Certain procedures 
in each section are more advanced than others. However, if you 
cannot complete some of the more advanced projects, pass over them 
to the next section; those projects you do complete will be valuable 
in furthering your understanding of pollution. Some of the projects 
require more than one.person; several will require people in different 
parts of the community, and even in different parts of the country. 
If you need help, corasult your science teachers or possibly some of 
the er-vironmental r-oups in your community who are fighting 
pollution. 

At the end o :ach investigation you will find questions and 
suggestions that .I .1P help you to apply the data you have gathered to 
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local pollution conditions. There are rarely any cut and dried answers 
to these questions because the problems have not been completely 
solved. But, in the process of seeking answers, you and those working 
tiith you will better understand the dimensions of the problem, and 
you will better understand in which directions the solutions must be 
sought. 

Fig. l-l& Cutaway View of Part 1 
of the Rerpitatory System. -.I 

Fig. l-l A. How Man’s Respiratory System Works. (Adapted 
F Yom Scientific American’s The Mechanism of Breathing.) 
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CHAPTER ONE 

HOW AIR POLLUTION AFFECTS LIVING THINGS 

ON DECEMBER 5, I952 an unusually heavy fog settled over the city 
of London. Chimney smoke mixed with the fog; automobile 
exhausts added poisonous pollutants to the air mixture. People soon 
realized that this was no ordinary fog. It had in fact become a deadly 
sanvg (combination of smoke and fog). Many people were stricken 
and died during the four day smog. Others died from its effects 
within a few weeks. As many as 4,000 deaths were caused by that 
London smog. 

People in American cities and towns were a!so subjected to similar 
terrifying experiences. In October 1948, air pollution killed 20 
persons in Donora, Pennsylvan& During the few days that the smog 
lasted, 5,900 people in Donora and nearby towns became ill. Almost 
half of the population in that area suffered from the smog. 

W’hat caused these disasters ? What will happen to those who 
become ’ ill but survive a smog attack? How safe are we from the 
present air pollution which can seriously damage our lungs? 

I 
Pollutidn and Emphysema 

Some diseases like cancer, which may be caused by air pollution, 
take years to develop. Emphysema, although not as well known as 
lung cancer, is just as deadry. It also develops slowly as a result of 
continual exposure to air pollution. A lung (see Fig. l-l A) is made of 
small air sacs called alveoli .(see Fig. l-l B). How does the air get into 
the alveoli? The air we brekthe passes through our nose and mouth 
into the truchea, or windprpe in our throat. The lower part of the 
trachea forms two, branclhes called bronchi (see Fig. l-l A), or 
bronchial tubes. These tubes branch again and again until they 
become the very small tubes that lead to the air sacs (alveoli). The 
smallest tubes are called j bronchioZes (see Fig. l-l B). Emphysema 

I 
results when the walls bet;iveen the alveoli break down because of the 
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Fig. 1-W. Photo of a Fig. l- 2B. Photo of a Section of 

Section of Healty Lung. Lung Ravaged by Emphysema. 

Courtesy Dr. Oscar Auerbach,Veterans Administration Hospital, East Orange, N.J. 

tc~xic chemicals breathed in with the polluted air. Then the lung 
bect~mcs filled ivith large holes in place of the many small air sacs. 
The txnph~*semlt sictim is “short of breath.” E-Iis breathing capacit~y is 
much less than that elf ;I healthy person (see Figs. l-212 and l-ZB), 
xrld his life span is shortened. 

Air pollution ma>’ ;llso cause’ some lung damage even in peop’1~ 
lvho appear to be quite health>l. One way to find out if, rend to what 
extent air p:)llution ma>- ha\rc harrxd )*our lungs is to measure your 
!-is .tl capacit> 3s in Project 1 -I . ;X person’s vitxl capacity is the 
volrrmr of lrir that he or she c;tn exhale in one breath. 

fIrtvi:lg learned to mc;~sure vital capacity in Project l-1, you might 
tr>- to find out the vital capacity of people of diffcrcnt ages living in 
the :~~~t‘ community. This is described in Project 1-2. This same 
method nl;t)f be used in determining the cffccls of air pollution on 
the Lungs of people in badly polluted areas. 

Poor vitai capacity indicates that onl>, ;t small volume of the 
person’s Itings can actually be used in breathing. ThiT reduces the 
l~mg’s abilit), to absorb oxygen and to get rid of carbon dioxide and 
water vapor. Since oxygen is needed for energy production, ;-, person 
with ;i very small vital capacit). caused by emphysetnu becomes 
increasingl~~ feeble. The breakdown of the nlvcoli destroys xpillaries 
(the smal!est blood vessels) in the lungs. This makes it rno3.e difficult 
for the heart to pump blood through the lungs. When dt.rit:l occurs, it 
is us~~rtlly caused by the failure ;jf the overworked and we:lkencd 
heart. 



Project l-l. How to Measure Vital Capacity. 

You will need: hero l-gafton glass jugs, a 2-hole rubber stopper to fit the 
opening of one ot the jugs, 2 pieces of glass tubing to fit the holes in 
the <topper tone piece about 3” tong, the other long enough to rea& 
from 1” above the top of the stopper to the bottom of the jug), 2 
pieces of rubber tubing (each I’ long), a graduated cytinder (IOO~ml or 
larger), a bunseen burner, a cioth towel or 2 pot nodders, tic&id 
detergent, en asbestos pad and a triangular ffte. 

I. To cut the 2 pieces of glass 
tubing co proper length draw an 
edge of the triangular file firmly 
XI-oss glass tube at place where you 
wish to cut it (Fig.i I-3A). 

2. Protect born your hands with the 
towel or pot holders. Hold the 
score mark on the tube away from 
you. Press with Iboth protected 
thumbs opposite the score mark, 
then push the tube:away from you 
(see Fig. l-3B). The tube will break 
at the score mark. 

3. Fire polish the rough ends of 
each tube by holding the rough end 
of the glass tube in the hoktest part 
of the bunsen burner’s flame, just 
above the flame’s inner bfue cone 
(see Fig. l-3C). Rotate tube in 
flame until its rough edges are 
rounded. Then put the tube on the 
asbestos pad until glass is cool. 

4. Morsten one end of each glass 
tube with liquid detergent. 
?rotecting hands with the pot 
holders or towel, gently insert 
moist ends of glass tubes into the 
rubber stopper with a twisting 
motion as shown in Fig. l-30, and 
complete as in Fig. l-3E. 

5. Moisten one end of each rubber 
tube with liquid detergent. Slip a 
rubber tube onto the upper part of 
each glass tube. 

6. Completely fill a gallon jug with 
water. Insert the rubber stopper 
with the tubes into the opening of 
this jug (see Fig. I-3F). 

Make scar:: *mark 
with file. 

Fig. l-3A. How to Cut Glass Twbing. 

-7 I / b 
~ Score spark on glass tubing. 

e---l 

.- . . 

Hands protected by pot 
holders or towel. 

Fig. I-3B. How to Break Glass 
Tubing at Score Mark. 

A / 
/\ / I\ .* 

Rough end of glass tube 
in hottest part of flame, 
the inner blue cone. 

- Bunsen burner. 

Fig. l-3C. How to Fire 
Polish Glas: Tubing. 

15 



Glass tube. I Two-hole rubber stopper. 
/ 

Fig. l-3D. HOW to Insert Glass 
Tubing Into Rubber Stopper. 

7. Into the second jug, put the free 
end of the rubber tube which is 
attached to the longer glass tube. 
Now you are ready to test your 
vital capacity. 
8. Take a deep breath, hold your 
nose with one hand and blow into 
the rubber tube connecied to the 
shorter glass tube until you are out 
of breath. As you do so, water 
pours from the other rubber tube 
into the second glass jug (see Fig. 
I-3Fl. 
9. To measure the volume of air 
exhaled in one breath, pour the 
water from the second jug into the 

‘I” 

7 
Size 
of a 
gallon 

jug 

0 
plus 1”. 

1 
Fig. l-3E. Hidden view 
of Glass Tubing In 
Rubber Stopper. 

graduated cylinder as shown in Fig. 
l-3& If your vita! capacity is large, 
the graduate may have to be filled 
several times to measure the total 
volume of water in the jug. If so, 
don’t pour water into the graduate 
past its 100-ml top line. Read and 
record the volume in the cylinder 
each time you fill it. Then add all 
the recorded volumes to get the 
total volume. The amount of air 
that you can exhale with one 
breath is your “vital capacity.” This 
amount of air is equal to the 
amount of water you forced from 
the first jug into the second jug. 

\ Rubber tubes inserted over 

2-hole rubber stopper with 
glass tubes inserted into jug. 

exhaled into 

forces water 

Volume of water 

volume of air 
exhaled in one 

Second gallon jug. 

Fig. l-3F. Set-up to Test Vital Capacity. 
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Water poured 
from jug into 
graauatea cylinder. 

Meniscus -* 

Read volume shown at bottom 
of meniscus {curved surface of 
liquid). The volume of liquid 
in this cylinder is 92.4 ml. If 
meniscus does not fall exactly 
on line of graduate, estimate 
the fraction of the volume. 

lOO-ml 
cylinde 

graduated 
r. 

Fig. l-3G. How to Read Wolume in Graduated Cylinder., 

- 

PrOkCt 1-2. &W .$p Affw Vital Qp+y. 

.\rQ@ .ti#‘i$t ncre;r.~:.,~~~.:esuipmen~~~~ ,f$‘.&&j+g, p+~~&$&~ &pw,’ ‘, “, ,’ ,, 

a p&it a@ &pen,: .. 
. : : : 

: j : ., ” : ,j. -..j .,,. ,, I j ., 1 ,, ‘, ., : .; : .,, :.. 

1. As in Steps &9, Project 1-1, 
measure the vital capacities of 

One graph might show how vital 

people of different ages in your 
capacity is related to the age of the 

community or your family. 
people (see Fig. I-4A). Because 
older people have been breathing 

2. Record each person’s name and 
sex, age, height and vital capacity as 
in Table l-l. 

3. Make graphs using the 
information you have gathered. 

polluted air for a longer time than 
young people, your graph might 
show the effect of air pollution on 
the vital capacity of the cider 
people. Another graph might show 
the effect, if any; height has on 
vital capacity (see Fig. l-4B). 

Table 1-l. How Age Affects Vital Capacity. 
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Fig. l-4A. Graph Showing How Vital 
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Gg. l-4B. Graph Showing How 

Capacity Is Related to Age. Height Affects Vital Capacity. 

Is there any difference in the vital capacity of pcoplc of the same 
age, living in different kinds of localities? If we can find the answers 
to this essential question, it can be important to us when we decide 
what kind of locality is least dangerous to our hcatth. Project l-3 
shows how this can bc done. 

How Asthma Damages Our Lungs 
Asthma is another disease that may jc causocl by air pollution. 

Doctors bclicve that many asthma casrs are the result of’ allcrgics. 
Allergies cause inffamations of certain pxts of the body. Some 
pcoplc arc sensitive to pollen grains from certain flowers, fungus 
sports and many kinds of dust. Medical research 1~ shown that such 
substances can cause allergies that affect the lungs. 

A lung allergy may cause a swelling of the walls of the bronchioles 
(the tubes that lead to the alveoli). As the walls swell, the openings 
inside the tubes become narrower. This makes it hard for the person 
to breathe. He may even “wheeze” because the air whistles as it is 
forced through the bronchioics (see Fig. I-1B). 

Asthma is like lung allergy, but more serious. An asthmatic attack 
may kill someone because it can prevent breathing. Asthma has, in 
fact, been listed as the cause of many deaths in the 1952 London 
smog disaster. 
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Project l-3. HOW the Type of Community Affects Vital Capacity. 

You wilt rpwrd: the coopsration of students ur teachw in other 
communities Jsmatt towns, suburbs, industrial areas, etc.) 

1. Select schools in a rural willing to undertake this 
community, a ghetiir community, a eVeriment. Ask the students to 
middle class community, a perform the vital capacity 
suburban community, z:rrd any experiment at about the same time 
other kind of community you can as you do yours. 
think of. 3. Compare the results of your 
2. Write to the principal or to the experiments with theirs. The vital 
chairmen of the science departments capacities might be quite different 
of the schools in these for people living in or near ghettos 
communities, explaining the of largle cities, in industrial areas, in 
project. They will provide you with the suburbs, in small towns or in 

the names of volunteer students the country. 

Explanation: While this experiment may not give a totally accurate 
account or picture of vital capacity, it will show that differences in vital 
capacities, in different localities, do exist. Thus, if the people in your 
community generally show a lower vital capacity than those of other 
communities, you may reasonably suspect that pollution is more severe 
in your community and is a factor that contributes to the decreased 
vital capacity. 

The Effect of Bronchitis on Our Lungs 
Bronchitis is an irritation of the bronchioles. Sometimes it results 

from infection, but it may also be caused by certain gases and other 
chemicals that pollute the air. Bronchitis makes breathing difficult. 
The bronchitis victim may wheeze because the walls of his 
bronchioles become thicker and the narrow openings in the 
bronchiole s’ tubes fill with heavy mucus. When these conditions 
persist for a long time, the person is said to suffer from chronic 
bronchitis. 

Special clinics have been established in London for the relief of 
chronic bronchitis. In one of their most effective treatments, the 
bronchitis victim lies face down, with head, neck and chest lower 
than the abdomen. This helps drain the mucus from the lungs. 

People who suffer from bronchitis, asthma, emphysema and other 
respiratory ailments cannot exert as great a pressure with their breath 
as healthy people. However, breath pressure varies even among 
people who appear to be quite healthy. Project l-l helps us to find 
out how well a person breathes by measuring his vital capacity. 
Another method of learning how well a person breathes is to measure 
the pressure of the air he breathes out. Project 1-4 described this 
method. Projects 1-5 and I-G show how maximum breath pressure 1s 
related to age and affected by the type of community. 
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Table 1-11. How to Convert Inches-of-Water to Pressure-in-Pounds per 
Square Inch. 

2 
0 
6 

3 I g 

d 

. 

4 5 6 7 8 91011121314151617181920 

- 

Project 1-5. How Age is Related to Maximum Breath Pressure. 
you will need: the equipment used in Projwt 1~4;,graph,.pdper; pencrt ~3 pen. 

1. Measure the maximum breath 
pressure of people of different ages 
in your community. 

2. Record each person’s age and 
maximum breath pressure. 

3. Make a graph showing the 

1.0 

0.9 

relationship of maximum breath 
pressure to age (see Fig. l-5B). 

4. Study your graph. Does your 

graph indicate a difference in the 

breath pressure of the various age 

groups? 

fi 0.8 
c 

; 0.7 

5 

: 0.6 
l% 

t i . Li 1 i i i’i il i i 
10 20 30 40 50 60 70 80 

Age in Years. 

Fig. I-5B. Graph Showing Relationship of Maximum Breath Pressure to A 
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Project I-6. How Maximum Breath Pressure Is Affected by the Type of 
Community. 

.:..~:~.:.~j:.:.,::: . . .... ..... >‘):’ 
:i~i~:~~:i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~~ 

........................ I; ~.:.:............................,~......: .... j 
‘:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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1. Follow the procedures in Steps 3. Compare your results with those 
l-2 of Project l-3. of other communities. Is there a 

2. Ask the people in the difference in maximum breath 

communities selected to carry out pressure? What would yuu attribute 

Projects l-4 and l-5. the difference to? 

Pollution From Natural Sources 
Air pollution existed long before man first made Fires to cook his 

food and keep himself warm. The pollen grams from flowers and the 
spores of fungi are considered to be pollutants. They existed many 
millions of years ago, as did other kinds of dust that floated in the 
air. Lightning started forest fires whose smoke darkened the ancient 
sky. Sulfur dioxide belched forth into the air from volcanos. Millions 
of years ago, long before man made his appearance, the ancestors of 
man developed their own protection against such natural air 
pollution. While man-made air pollution is far worse than natural air 
pollution, man’s respiratory system still protects him as it did his 
ancient ancestors. 

Man’s Respiratory System Protects Him 
Against Air Pollution 

The insides of the tubes in your respiratory system are lined with 
mucous membrane. This membrane or tissue continually produces 
mucus, a sticky fluid that traps dust and germs in the respiratory 
system. When the mucous membrane is irritated, the rate at which it 
forms mucus increases as a protection against the pollutants or germs 
that cause the irritation. This is quite noticeable when you have a 
cold. 

How Air Pollution Affects the Cilia 
Your respiratory system has an efficient method of clearing dust 

and germs together with mucus out of the bronchioles and other 
respiratory tubes. The mucous membrane lining those passageways is 
covered with millions of cilia. These are microscopic, hairlike 
projections which beat continuously in an up-and-down direction. 
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Since the upward stroke is faster and more powerful than the 
downward stroke, the Iia send the mucus up the respiratory tubes. 
Eventually the mucus reaches your mouth, where you swallow it 
without even realizing that you are doing so. When it gets to your 
stomach and intestines, ‘the mucus is digested. Any germs that the 
mucus has trapped are killed and also digested. This is how mucus 
and cilia work together to rid your respiratory system of germs and 
dust. 

Certain cherricals found in polluted air however, slow down or 
even stop the beating action of the cilia. When the cilia stop beating, 
mucus remams in the bronchioles. This prevents air from getting into 
or out of the alveoli (air sacs in the lungs). Thus, the lungs cannot 
absorb oxygen from the air as rapidly as they should, and the person 
is “short of breath.” 

When the bronchioles are clogged with mucus, the person coughs 
to clear the respiratory tubes. Sometimes he coughs purposely, but 
often he cannot help coughing. The cough is a reflex reaction caused 
by the mucus in his bronchioles. When someone coughs, the pressure 
of the air in his lungs increases greatly. Sometimes the pressure is 
high enough to damage the alveoli. Emphysema results when many 
alveoli have been destroyed. Large spaces replace the destroyed 
alveoli. The ability of the lungs to absorb oxygen is reduced, making 
the emphysema victim feeble because he cannot produce energy 
rapidly enough. 

Many cases of emphysema result from ordinary air pollution, and 
considerably more are caused by cigarette smoking. Tobacco smoke 
pollutes the air both for the smoker and for the people around him. 

Scientists can observe the action of respiratory cilia in humans. 
They have even been able to take motion pictures showing how 
different chemicals affect the beating of the cilia. This requires very 
special equipment and is quite difficult for us to do. While we cannot 
observe the beating of cilia in humans, we can test the effects of 
chemicals on the beating of cilia on lower forms of life such as clams, 
mussels or snails. This is described in Project l-10. Before these tests 
can be made, you must first prepare a 1% solution of calcium 
chloride (Project l-7), a 0.9% solution of potassium chloride (Project 
l-8), and‘ Ringer’s solution (Project l-9).-All of these solutions wil 
be used in Project l-10, to test their effect on the action of cilia. 
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1. Measure 99 ml of distilled water water. Stir until the calcium 
in graduated cylinder and pour it chloride has dissolved. 
into the beaker. 3. Pour this solution into a bottle 
2. Measure 1 gm calcium chloride i and stopper it. Label the bottle 
on the sensitive balance using the “1% Calcium Chloride,” and set it 
weighing paper, and pour it into the aside for use in Project l-10. 

Explanation: To make a solution with a particular percentage of solid 
by mass, such as 1 gm calcium chloride, subtract the percent of solid 
(1%) from 100. The difference is the number of milliliters of water that 
should be used for the solution. One milliliter (ml) of water has a mass 
of one gram (gm). The percentage of the solid is the number of grams 
of solid (in this case, 1 gm of calcium chloride), that should be added to 
the water (99 ml in this case). The total mass of the solution will be 
almost exactly 100 grams. 

Project I-8. Preparing a 0.9 Per Cent Solution of Potassium Chloride. 
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1. Using the information given in potassium chloride and 99.1 ml of 
Project l-7 as a reference, prepare a water.) 
0.9% solution of potassium 2. Set solution aside for use In 
chloride. (This consists of 0.9 gm of Project l- 10. 

Project 1-9. Preparing Ringer’s Solution. 
: ..,, @&ti:, ‘vli;j !k,‘. ,3J~~Eji : 
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1. Using the graduated cylinder, 0.20 gm sodium bicarbonate 
measure one liter (1000 ml) of 
distilled water and pour it into the 3. Add these chemicals to the 

beaker. distilled water. Stir with glass rod 

2. Measure the following chemicals 
until the chemicals have completely 

on the scale, using a separate piece 
dissolved. 

of weighing paper for each: 4. Pour the solution into the bottle 
0.14 gm potassium chloride 
6.50 gm sodium chloride 

and stopper the bottle. Label the 
bottle 

0.12 gm calcium chloride 
“Ringer’s Solution.” Set 

aside for use in Project l-10. 
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Projest I-10. How DO Some Chemicals Affect the Action of Cilia? .: :. .,.. . . 
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1. Pour some Ringer’s solution into 
the watch glass. 

2. Gently crack open the shell of 
the clam with the hammer. Using 
the forceps, pick off a small piece 
of the mantle or gill as shown in 
Fig. 1-6. This tissue is covered with 
cilia. 

3. Place this tissue into the watch 
glass. With medicine dropper, add a 
few drops of methylene blue to 
stain the cilia and make them easier 
to see. 

4. Place watch glass on stage of 
microscope. Using the low power of 
the microscope, observe the action 
of the cilia. The tissue is still alive 
although the animal may not be 

---- 

7. Soak a cigarette for one day in a 
beaker containing 200 ml of 
distilled water. 

alive. Note the speed at which the 
cilia beat. Record your findings. 

8. Repeat steps 2-4, but in place of 

5. Repeat steps 2-4, using 0.9% 
Ringer’s solution, use some of the 

potassium chloride solution instead 
tobacco solution made in Step 7. 

of Ringer’s solution. Do the cilia 
Do the cilia beat faster or slower 

than 
beat faster or slower than in Step 

in Step 41 Do certain 

41 Record your observations. 
chemicals and tobacco solutions 

6. Repeat Steps 2-4, using 1% 
affect the cilia? The beating action? 

calcium chloride solution instead of 
If the cilia in our respiratory 

Ringer’s solution. Do the cilia beat 

passages, which protect our lungs, 

react the same way, how do these 

faster or slower than in Step 4? chemicals and tobacco solutions 

Record your findings. affecr’our lungs? 

How Deadly is Sulfw Dioxide? .‘- 
~_ _-- 

Most of the 4,000 deaths caused by the London smog of 1952, are 
believed to have resulted from lung diseases such as bronchitis and 
pneumonia. In a “London-type smog,” the pollutants are produced 
mainly by burning coal and other fuels in furnaces. One of the 
pollutants, sulfur dioxide gas (SO*), is sent into the air when sulfur 
(S) in the fuel combines with oxygen (02). Doctors believe that 
sulfur dioxide gas was responsible for many of these deaths. 
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Sulfur dioxide gas enters 
f through the stomate. 

Fig. 1-7. How Sulfur Dioxide In the Air Enters a Leaf. 

When sulfur dioxide gas dissolves in water, sulfurous acid. results. 
This acid may also be formed from sulfur dioxide gas when very little 
water is present. For example, if sulfur dioxide gas is released into 
humid air, moisture in the air condenses into droplets which dissolve 
some of the sulfur dioxide creating a sulfurous acid solution. Xn 
badly polluted air, such droplets of sulfurous acid solution form part 
of the smog, and are responsible for much of the damage done to 
both living and non-living things such as metals and rocks. Sulfur 
dioxide gas can also dissolve in the film of moisture that covers the 
eyes and the inside of the nose, throat and lungs. The resulting 
solution is a strong acid which can cause damage to these organs. 
Plants also may be hurt if much sulfur dioxide gas from the air enters 
their leaves through the pores called stomates, and combines with the 
water in the leaves (see Fig. l-7). Droplets of sulfurous acid 
suspended in a smog are so small that they too can enter the 
stomates almost as easily as sulfur dioxide gas, and cause the same 
kind of damage as the gas. 

How Harmful are Pollutants? 
While we know that pollutants can injure our health, we must also 

know how .much of a given pollutant can be harmful. In this way we 
can determine how great a pollutant concentration living things can 
tolerate, and at what point the concentration of the pollutant 
reaches a dangerous level. One way of finding out how harmful a 
pollutant may be to living things is to perform a test, called a 
biGassay. In Project l-1 1 we will hatch brine shrimp (see Fig. l-l 0)for 
use in performing a bioassay, and we will prepare a sulfurous acid 
solution to act as a pollutant. The brine shrimp will be exposed to 
various concentrations of this pollutant. 
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1. Prepare the solution you will 
need for hatching the brine shrimp. 
Instructions for this usually come 
with the purchase of brine shrimp 
eggs and the salts for the solution. 

2. Place brine shrimp eggs in the 
solution and let it stand until the 
brine shrimp hatch from the eggs. 
This should take about 3 days. 
Whiie waiting for the brine shrimp 
to hatch, perform Steps 3 through 
a. 
3. Measure 200 ml of cold water in 
the 500-ml graduated cylinder and 
pour it into the 400-ml beaker. 

4. Using the sensitive balance and 
weighing paper, measure a mass of 
2 grams of powdered sulfur and put 
it on the flat cork. Float the cork 
on the water in the beaker. 

5. Light the sulfur with a match. 
Invert the 500-ml cylinder over the 
cork and hold it so that the mouth 
of the cylinder is below the surface 
of the water (see Fig. 1-8). 

6. After the sulfur has stopped 
burning, continue to hold the 
cylinder and allow a few minutes 
for the air in the cylinder to cool 
down to room temperature. The 
cylinder now contains some SO2 
gas. Record on paper the level to 
which the water has risen in the 
cylinder. Then, remove the cylinder 
and cork from the beaker. 

7. The beaker now contains a 
solution of sulfurous acid which 
forms when SO2 gas dissolves in 
water. Pour it into a bottle. Stopper 
the bottle and label it “Sulfurous 

50@ml graduated 
inverted 

over burning sulfur 
on cork with mouth 
of cylinder below 

-i-L surface of water. 

2 gm burning sulfur 
on cork. 

200 ml of water 
in 406ml beaker. 

Fig. 1-8. How to Make a 
8ulfurous Acid Solution. 

acid solution, original 
concentration.” Set it aside for use 
as a pollutant in Step 1, Project 
1-11A. Rinse out the beaker. 

6. To calculate the amount of 
oxygen used in making the sulfur 
dioxide (which became sulfurous 
acid), do the following: 

Completely fill to the lip the 
500-ml graduated cylinder with 
water (see Fig. 1-9, A). Then, pour 
some of th2 water from the 
graduate into the 400-ml beaker 
until less than 500 ml of water 
remains in the graduated cylinder 
(Fig. 1-9, B). Record the amount 
of water left in the cylinder (Fig. 
l-9, B), then discard the water. 
Now pour the water from the 
400-ml beaker back into the empty 
graduated cylinder and record the 
amount of water (Fig. l-9 , C). 
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Fig. I-9. Hoti to Calculate Amount of Oxyger 
Needed to Make a Sulfurous Acid Sdution 

- 

Add the two amounts recorded in 6 
and C, to find the total volume of 
water that the completely filled 
500-ml graduated cylinder (Fig. 
1-9, A) holds. Now, to find the 

subtract the measurement you 
recorded in Step 6 from the volume 
of water of the completely filled 
cylinder (Fig. 1-9, A), 

volume (in ml) of oxygen in the 
graduated cylinder that was used to 
burn the sulfur (Steps 5 and 6). 

What happened when the sulfur 
burned is described in the following 
equation: 

s + 02 -so2 

One molecule 
One atom 

One molecule 

of sulfur, + 
of oxygen 
which contains 

- of sulfur 

2atoms of 02. 
dioxide. 

Explanation: The oxygefl gas in the air is in the. form of molecules. 
When one molecule of oxygen combines with one atom of sulfur, one 
molecule of sulfur dioxide is formed. Thus a molecule of sulfur dioxide 
is produced for each molecule of oxygen that is used in the reaction. 
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In Project I-l IA we will prepare serial dilutions of ‘this pollutant 
for the tests. The tests help us find the minimum concrzntration of a 
pollutant that ~$1 cause a certain amount of damage tr) living things. 
For example, you may want to know the percentage of DDT that 
will kill 50% of the house flies exposed to it under conarolled 
conditions. Once this percentage has been determined, the bioassay 
method can be used to find out the percentage of DDT that is 
Dresent in a solution. 

Project 1-11A. How to Make Serial Dilutions of the Original Sulfurous 

1. Measure 100 ml of the original 
200 ml sulfurous acid solution in 
the graduated cylinder. Then, pour 
it into a bottle and stopper the 
bottle. Label this first bottle 
“Sulfurous acid solution, 1 gm SO2 
per liter” (or whatever the original 
concentration happens to be). Set 
aside for use in bioassay, 
Remember, the concentration of 
your original sulfurous acid 
solution will probably not be 1 gm 
SO2 per liter. 

2. Pour the remaining 100 ml of the 
original solution into the 400-ml 
beaker. Add 100 ml of distilled 
water to this solution, stirring it 
thoroughly with the stirring rod. 
Measure 100 ml of this diluted 
solution in the cylinder and then 
pour it into a bottle. Stopper and 
label this second bottle “Sulfurous 
acid solution, 0.5 gm SO2 per liter” 

(one-half the original 
concentration). 

3. To the 100 ml of solution 
remaining in the 400-ml beaker add 
100 ml of distilled water and stir. 
Measure 100 ml of this diluted 
solution and pour it into a bottle. 
Stopper and label this third bottle 
“Sulfurous acid solution, 0.25 gm 
SO2 per liter” (one-quarter the 
strength of original concentration). 

4. Repeat Step 3 with the 100 ml 
solution remaining in the beaker. 
This fourth bottle will contain 
one-eighth the strength of the 
original SO2 concentration. 

5. Repeat Step 4, using the 100 ml 
solution remaining in the beaker 
from Step 3. This fifth bottle will 
contain a one-sixteenth strength 
solution. We are now ready to 
perform the bioassay as described 
in Project 1-11B. 

Project 1-1lB shows how to perform the bioassay, using the brine 
shrimp (see Fig. l-10) for the tests. When you have completed these 
three related projects, you will understand how to use this procedure 
to determine the percentage of a pollutant present in a solution. 

29 



Project l-118. How Sulfur Dioxide Affects Living Things - Performing 

the Bioassay. 

1. In the l-liter beaker, prepare one 
liter of double strength salt solution 
by following the directions that 
come with the brine shrimp salts, 
however, use only one-half the 
recommended amount of water. to 
give a double strength salt solution. 

2. Using the 500-ml cylinder, 
measure and pour 100 ml of this 
double strength salt solution into 
each of the 5 jars. 

3. Pour the original sulfurous acid 
solution (bottle No. 1, Step 1, 
Project l-11 A) into one jar and stir 
thoroughly with the stirring rod. 
The original concentration of 
sulfurous acid solution has now 
become one-half its original value 
because it was added to 100 ml of 
salt solution. Meanwhile, the 
double strength solution has 
become the required strength for 
maintaining the brine shrimp’ 
because the water in the sulfurous 
acid solution has diluted the salt 
solution. Label this first jar 
“Sulfurous acid solution, 0.5 gm 
SO2 per liter” (or whatever its 
actual concentration is). Then, with 
medicine dropper pick up 50 
hatched, live brine shrimp and put 
them into the 25-ml graduated 
cylinder. Note and record the 
number of milliliters of salt 
solution that you have added to the 
cylinder along with the shrimp. 
Now, pour into the 25-ml cylinder 
as much sulfurous acid solution 
(from bottle No. 1) as the number 
of ml of salt solution put into the 
cylinder with the brine shrimp. 

Fig. l-18. Brine Shrimp As 

Seen Under the Microscope. 

Pour the contents of the graduated 
cylinder into the first jar of 
sulfurous acid solution. If any brine 
shrimp remain in the cylinder, wash 
them out and into the jar with 
some of the sulfurous acid solution 
from the jar. 

4. Observe the brine shrimp in the 
jar to see if any die. If any die (live 
brine shrimp will swim if they are 
disturbed), remove them with the 
medicine dropper and put them 
into the 400-ml beaker. Continue 
to do this for 15 minutes. Record 
the total number of brine shrimp 
that have died in 15 minutes. Then, 
rinse the 400-ml beaker with tap 
water. Rinse the medicine dropper 
and the 25-ml graduate cylinder 
first with tap water and then with 
distilled water. 

5. Repeat Steps 3.4 with each of 
the other four bottles of sulfurous 
acid solution prepared in Project 
1-llA, and the jars prepared in 
Step 2 of this project. In each 
experiment using these four bottles 
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and jars, the concentration of No. 5 from 0.0625 to 0.03125. 
sulfurous acid solution is further 
diluted in the jar. For example, if 

6. Make a graph as in Fig. l-11, 

bottle No. 2 contents was 0.5 gm 
showing the number of brine 

SO2 per liter, it is now 0.25 gm 
shrimp killed by each concentration 
of sulfurous acid solution. The 

SO2 per liter in the jar. Bottle No. 
3 would become diluted in the jar 

graph can be used to determine the 

from 0.25 to 0.125, bottle No. 4 
amount of SO2 in water. Project 

z -om 0.125 to 0.0625 and bottle 
1-11C suggests a method of doing 
this. 

40 

Number 
of 

Brine 
Shrimp 
Killed 

30 

20 

10 

0 
0.06263 

t 
0.25 --f o. 3-J 

0.125 

Concentration of SO2 In Grams Per Liter. 

Fig. l-l 1. Graph Showing Number of Brine Shrimp 
Killed by Various Concentrations of Sulfur Dioxide. 

If the temperature and air pressure are constant (steady), 1 ml of 
any gas contains the same number of molecules as 1 ml of any other 
gas. For example, 1 ml of sulfur dioxide gas has the same number of 
molecules as 1 ml of oxygen. Therefore, 1 ml of sulfur dioxide is 
produced when I ml of oxygen combines with sulfur. The volume of 
sulfur dioxide produced in the reaction is equal to the volume of 
oxygen used. Since you have just calculated the volume of oxygen 
used in burning the sulfur (Step 8, Project l-l l), you now know the 
volume of sulfur dioxide that was produced. 

How to Calculate the Mass of a Volume of Sulfur Dioxide 

One ml of sulfur dioxide gas has a mass of about 0.0025 gm at 
average room temperature and air pressure. To find the mass of the 
sulfur dioxide produced when you burned the sulfur, multiply the 
number of ml of sulfur dioxide produced in Project l-l 1 by 0.0025. 
For example, if 80 ml of sulfur dioxide were produced, its mass 
would be 80 ml x 0.0025 gm, or 0.20 gm. (A gram is a mass with a 
weight of about l/450 of a pound.) 
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How to Calculate the Concentration of 
Sulfur Dioxide in Grams Per Liter ’ 

In Step 6, Project l-l I, the sulfur dioxide produced is dissolved in: 
200 ml of water, creating a sulfurous acid solution. Concentratiorrs 
are often expressed as grams per liter. A liter is 1000 ml, To calculate 
the concentration per liter of the sulfur dioxide produced, set up the 
following kind of proportion (assuming that 0.20 gm of sulfur 
dioxide was produced and dissolved in 200 ml of water): 

xgm = 0.20 gm 
1000 ml 200 ml 

xgm = the concentration of SO, in gm per liter. 

0.20 gm = amount of SO2 produced in Step 6, Project l-11. 

200 ml = amount of water SO2 was dissolved in. 

By applying simple algebra, we can restate the equation as follows: 
xgTll= (1000 ml) (0.20 gm) 

200 ml 
5 

x gm =(+l-Q&d) (0.20 gm) 

X p = (5) (0.20 gm) 
x=lgIll 

The concentration of SO2 is 1 gm per liter. 
Of course, the concentration of SO2 produced when you burned 

the sulfur will probably not be exactly 1 gm per liter. 
TO obtain precious information on which our very health may 

depend, the scientist must work accurately. When he establishes an 
accurate standard, only then is it possible to measure the pollution in 
the community to determine whether or not it is safe for us. That is 
why the scientist is often interested in knowing the weakest 
concentration of a chemical which will kill certain living things. To 
obtain this information, he prepares a series of solutions of varying 
concentration by a method called serial dilution (see Project l-l IA). 
Once the minimum lethal concentration of a chemical is known, we 
assume that this concentration and any stronger concentration will 
be deadly to the animals in question. 

Now that we have learned something about how air pollution 
affects some living things, let’s also learn to detect, identify and 
measure air pollutants. In addition, we will study how air 
temperature can prolong pollutants, which, in turn, affect visibility 
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CHAPTER TWO 

HOW TO DETECT, IDENTIFY AND MEASURE AIR POLLUTANTS 

AIR POLLUTION h as already become a serious problem and is 
getting worse with each passing year. Sometimes there is so much 
sulfur dioxide in the air, especially in cities, that you can smell its 
sharp, stinging odor. 

If you burn a bit of sulfur and carefully sniff the gas that is given 
off, you will smell the distinctive odor of sulfur dioxide. Although a 
chemist may use his nose to help him identify a chemical, he usually 
relies on che,mical analysis which is a more accurate method of 
testing. Some of these chemical analysis methods depend on color 
changes. Project 2-l describes one way to identify sulfur dioxide 
(S02) by observing the color change it produces in a potassium 
permanganate (KMnOa) solution. A solution of potassium 
permanganate is purple. It becomes almost colorless when sulfur 
dioxide is added. This happens because potassium permanganate 
combines with sulfur dioxide forming manganous sulfate (MnSOq), 
which is so light pink that it is almost colorless. Potassium sulfate 
(K2SO4) and sulfuric acid (H2SO4) are also produced in this 
reaction, as shown in the following equation: 

2KMnOq+ 5S02+2H20 - K2S04+2MnS04+2H2S0, 

This reaction will take place only if the potassium permanganate’ 
solution is slightly acid. For that reason, a drop of dilute 
hydrochloric acid (HC 1) is added. The hydrochloric acid does not 
take part in the reaction. 

How Much 502 Is In the Air We Breathe? 
Scientists keep a careful and constant check on the percentage of 

sulfur dioxide in the air. This helps them to find out if their efforts 
to control air pollution are producing good results. It is not enough 
to be able to detect the presence of sulfur dioxide. It is also 
necessary to be able to measure the amount of sulfur dioxide in the 
air. You can do this by following the same procedure used in Projects 
2-l and 2-2 with some changes. 

33 



Proiect 2-1. How to ldentifv Sulfur Dioxide. 

1. Ma ke a 0.99% solution of 
potassium permanganate as follows: 

(a) Place wieghing paper on the 
balance and measure 0.99 gm of 
potassium permanganate, then pour 
into the 250-ml beaker. 

(b) Pour 50 ml of distilled water 
into the beaker and stir with 
stirring rod until the potassium 
permanganate dissolves. 

(cl Pour the resulting 
approximately 50 ml of potassium 
permanganate solution into the 
loo-ml graduated cylinder. Add 
distilled water until the total 
volume of solution in the cylinder 
is 100 ml. Note the purple color of 
this solution. 

Cd) Pour the solution from the 
cylinder into the bottle. Stopper 

the bottle tightly and label it 
“Potassium permanganate solution, 
0.99%.” The 0.99% means that 
there is 0.99 gm of potassium 
permanganate in 100 ml of 
solution. Set aside for use in Step 5 
and in Project 2-2. 

Note: Only a small amount of 
KMn04 solution (100 ml) should 
be made at one time because it can 
be spoiled by chemicals in the air, 
which react with it. That is why the 
solution must be kept in a tightly 
stoppered bottle. 

6” rubber tubing Tubing clamps. . . 

2-hole rubber stopper 
I ! 3” long. 

250-ml Florence flask 

Fig. 2-1. Set-up for Making 
Sulfur Dioxide. 

2. Dissolve 0.1 gm of barium 
chloride in 100 ml of distilled 
water. Pour the solution into a 
bottle. Stopper the bottle and label 
it “Barium chloride solution, 
dilute.” Set aside for use in Step 6. 

3. Prepare a set-up as in Fig. 2-1. 
See Steps l-5, Project 1-1, for this 
procedure. Then, slip on a clamp 
over each rubber tube. 
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4. Unstopper the flask in the set-up. 
Po10 ,, 0.1 gm of powdered sulfur 
into the flask. Stopper the flask and 
close *he rubber tubes with the 
Cldm, ee Fig. 2-l). Place set-up 
on tr,e rripod and heat the flask 
over the bunsen burner (see Fig. 
2-2) until the sulfur burns. When 
the burning stops, shut off the 
bunsen burner flame. The air in the 
flask now contains sulfur dioxide. 
Let the flask cool, then remove 
set-up from tripod. 

5. Pour 10 ml of distilled water into 
one of the 2 test tubes in the test 
tube rack. Then, with the pipette, 
add a drop of 0.99% potassium 
permanganate solution and a drop 
of dilute hydrochloric acid to the 
distilled water in the test tube. 
Remove clamps on the set-up, Put 

the glass tube from the set-up into 
the test tube so that its end is near 
the bottom of the ‘rest tube (see 
Fig. 2-3). Blow through the rubber 
tube, forcing sulfur dioxide from 
the flask through the potassium 
permanganate solution in the test 
tube (see Fig. 2-3). Be sure to blow 
out the SO2 - do not breathe in. 

The sulfur dioxide will make the 
purple potassium permanganate 
solution colorless. Discard contents 
of the test tube. 

Note: The decolorization of 
KMn04 is often used to identify 
sulfur dioxide. However, other 
chemicals such as hydrogen 
peroxide can also decolorize 
potassium perrrnganate. That is 
why the barium chloride test, 
described in Step 6, is needed to 
make the identification of sulfur 
dioxide positive. 

6. Pour 10 ml of dilute barium 
chloride solution into another test 
tube. Blow sulfur dioxide from the 
flask through the solution as in 
Step 5. The white precipitate that 

Closed clamps 

c 

Powdered 
sulfur in 
flask. 

Wire gauze 

Bunsen burner. 

Fig. 2-2 Making Sulfur Dioxide. 

Potassium permanganate 
solution with dilute 
hydrochloric acid and 
distilled water in 
test tube. 

Sulfur dioxide 

-_- 

Fig. 2-3. Forcing Sulfur 

Dioxide Into Test Tube. 
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forms in the test tube is barium 
sulfite. Now drop a piece of blue 
litmus paper into the test tube. 
With the l-ml pipette add dilute 
hydrochloric acid to the test tube 
until the solution is acidic’ enough 
to turn the blue litmus paper red. 
The hydrochloric acid dissolves the 
white barium sulfite precipitate, 
leaving the solution clear. This 
shows that the precipitate cannot 

be dissolved by hydrochloric acid. 
Discard test tube contents. 

Note: While other chemicals form 
precipitates with barium chloride 
solution, they do not also 

decolorize potassium permanganate 
solution.. That is why a gas which 
can decolorize potassium 
permanganate and also form a 
precipirate with barium chloride, 
can be identified positively as sulfur 

be barium sulfate, which would not dioxide (S07). -ez-.- -... _ - .-: -- c - - 

1. Follow instructions in Project 
l-l, Steps 1-4, to set up equipment 
as shown in Fig. 2-4. 

2. Remove stopper from flask and 
pour 100 ml of distilled water into 
flask. With pipette add 1 ml of 
0.99% KMn04 solution and 1 ml of 
the dilute HC I. Replace stopper on 
flask. 

3. Connect the rubber hose of the 
pump to upper end of the longer 
glass tube that leads into the flask 
(see Fig. 2-5). Insert air pump plug 
into wall outlet and turn on the air 
pump, Allow the pump to work 
until the KMn04 in the flask turns 
colorless. Note the length of time it 
takes. In some cases, this may take 
several hours. Disconnect the air 

pump. 
4. Test the air pump to find out 
how much air it pumps per minute. 
Fig. 2-6 shows how to do this. 

‘5. To calculate the volume of air 
pumped through the KMn04 
solution to :colorize it, multiply 
the number of minutes that pump 

worked (Step 3) by its pumping 
capacity in liters of air per minute 
(Fig 2-6). 

6. One liter of air has a mass of 
about 1.3 grams. To calculate the 
mass of air pumped through the 
KMn04 solution, multiply the 
volume of air in liters (obtained in 
Step 5) by 1.3 grams. 

7. The 0.99% KMn04 solution used 
in this project contains 0.99 gram 
of KMn04 per 100 ml of solution. 
Thus, 1 ml of the solution contains 
0.0099 gram of KMn04. We 
already know that 1 gram of SO2 is 
required to decolorize 0.99 gram of 
KMnO4 (see page 35). Therefore, it 
will take 0.01 gram of SO2 to 
decolorize 0.0099 gram of KMn04. 
Since 1 ml of 0.99% KMnO 
solution (Step 2) was decolorire 8 
when air was pumped through tha 
solution in the flask (Step 3), VV+. 
can conclude that there was O.Gl 
gram of SO2 in the air. 

8. Let us assume, for example, that 
250 liters of air from the air pump 
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2-hole rubber 
stopper with 
glass tubes 
inserted. 

Air from air pump flows 
through rubber tube into 
flask to turn the KMn04 
solution colorless. 

Air pump plugged 
into wall outlet. 

Fig. 2-4. Set-up for Measuring 
Sulfur Dioxide. 

Fig 2-5. Measuring Sulfur Dioxide. 

Fill graduated cylinder with 
water, cover with glass plate and 
hen quickly place it upside down 
talfway into water in battery jar. 
qemove glass plate. Slightly tilt 
ylinder and insert glass tube 
connected to end of air pump’s 
ubber hose. Turn on air pump. 
rlote and record the number of 
econds required to fill the 
graduated cylinder with air (air 
lisplaces water in cylinder) to the 

250-ml mark (nearest its lip). Let us 
say that 10 seconds are required. 
Since 1000 ml equal 1 liter, then 
250 ml equal 0.250 liter. To 
calculate the volume that the air 
pump can pump per minute, set up 
a ratio like this: 

X liters 0.250 liters 

60 seconds = IO seconds 

X liters = (60 seconds) (0.25 liters 
10 seconds 

X liters = 1.50 liters 
In this case, 1.50 liters of air ar 
pumped per minute. 

connected to 

Fig. 2-6. How to Calculate the Mass and Volume 
of Air Discharged from Air Pump Per Minute. 
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were needed to decolorize 1 ml of 
0.99% KMn04. The 250 liters of air 
have a mass of (250) (1.3 gm), or 
325 gm. This 250 liters of air 

sulfur dioxide. This is enough to 
decolorize the 0.0099 gram of 
KMn04 that 1 ml of 0.99% KMn04 
solution contains. 

contained a mass of 0.01 gram of 

Note: With this information you can calculate the number of parts of 
sulfur dioxide per million parts of air. You can set up this proportion: 

x gm of So2 

= 

0.01 gm of So, 

l,OOO,OOO gm of air 325 gm of air 

xgmofS0, = 
0.01 gm of S02(1,000,000) 

325 
x gm of so2 = 30.77 gm of SO2 

Thus, you can conclude that the sample of air that you tested in this 
project contained 30.77 parts of sulfur dioxide per million parts of 
air. The results in this project may be inaccurate because dust also 
decolorizes KMn04 and interferes with the analysis. However, this 
project does indicate a type of chemical analysis done more 
accurately in air pollution control laboratories to determine SO2 
concentration in the air. 

‘I’he reaction between potassium permanganate and sulfur dioxide 
is expressed in the chemical equation shown on page 33, which tells 
us that 5 molecules of SO2 are changed when 2 molecules of KMn04 
become colorless. Scientists use this equation to measure the amount 
of SO2 in a sample of air or water. The equation enables the scientist 
to determine exactly how much KMn04 solution is decolorized by 1 
gm of SO2 and thus measure the amount of SO in the air. To do 
this, the scientist must calculate the mass of a I&f 
the mass of an SO2 molecule. 

“04 molecule and 

Calculating the Mass of a biuletxle 
Chemists have a way of calculating the mass of a molecule. The 

mass of each kind of atom is known, The mass of each atom is given 
in Atomic Mass Units (abreviated: AMU). Adding the masses of all 
the atoms in a molecule gives the mass of the molecule. Tables 2-I 
and 2-11 show how this method is used to find the mass of a KMn04 
molecule and of the SO2 molecule. 

You can convert the masses of these molecules to gram molecular 
masses by changing AMU (Atomic Mass Unit) to grams. A gram is a 
mass with a weight of about l/4-50 of a pound. One gram molecular 
mass of potassium permanganate is 158.04 grams and one gram 
molecular mass of sulfur dioxide is 64.06 grams (see Tables 2-1, 2-11). 
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Table 2 -1. How to Calculate the Mass of the Potassium 
Permanganate Molecule. I 

NUMBER OF ATOMS 
ATOM MASS IN T!iE MOLECULE TOTAL MASS 

- K 39.10 - AMU 1 39.10 AMU 
c 

Mn 54.94 AMU . 
-~ 

[ 1 54.94 AMU 

0 16.00 AMU 4 64.00 AMU 

Mass of a molecule of KMn04: 158.04 AMU -3 
Just as 2 molecules of KMn04 combine with 5 molecules of SO 

as shown in equation on page 33, so do 2 gram molecular masses o s 
KMn04 crlmbine with 5 gram molecular masses of S02. You can 
round off the gram nfolecular masses showp in Tables 2-I and 2-11 to 

the nearest whole numbers, making the gram molecular mass of 
potassium permanganate 158 grams and the gram molecular mass of 
sult’ur dioxide 64 grams. Thus 2( 158) grams of potassium 
permanganatc combine with 5(64) grams of sulfur dioxide. This 
means that 3 16 grams of potassium permanganate combine with 320 
grams of sulfur dioxide. Almost exactly one gram of sulfur dioxide 
combines when 0.99 gram of potassium permanganate changes color. 

By using a potassium permanganate solution of just the right 
strength, 0.99%, you can easily measure the amount of sulfur dioxide 
in a sample of air or water. Project 2-2 tells how to do this. 

Can We Reduce the Harmful SO,?, 

Thus far we have learned to detect and measure SO in the 
atmosphere, and we have observed how it destroys life. I P heavier 
concentrations of this poisonous substance continue to pour into our 
atmosphere, the harm that it does will increase to deadly proportions 
unless WC learn how to eliminate or reduce S02. Already something 
is being dons about this. 

Table 2 -II. How to Calculate the Mass of a Sulfur 
Dioxide Molecule. 

1 

I NUMBER OF ATOMS 

ATOM MASS IN THE MOLECULE TOTAL MASS 

S 
L 

32.06 AMU 1 32.06 AMU 

0 
I 

16.00 AMU i 2 . 32.00 AMU 

Mass of a molecule of S02: 64.06 AMU 

%, 
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.r Fuels which produce large quantities of SO2 are being replaced 
visith fuels that do not produce as much S02. But we must be sure 
that the new fuels do not produce other equally dangerous 
pollutants. It may be possible to change the SO2 at the point of 
emission, so that it is harmless when it reaches our atmosphere. 
Another possible solution is to “recycle” the SO2 so that the sulfur 
can be extracted from the SO2, and re-used again. Think of all the 
sulfur that could be saved for future generations if this can be done. 
Recycling is a complicated procedure and can be done only by 
competent chemists with sophisticated equipment. However, part of 
the cost of recycling is covered by the value of the sulfur that is 
recovered. 

Falbout of Solid Particles 
All year long, solid particles fall through the air. They settle on the 

soil, on window sills, on clean clothing and even on furniture inside 
houses. People sweep, dust and wash to remove this airborne dirt, 
which is one of the most annoying components of air pollution. 
Fighting the damage done by the fall-out of solid particles from the 
air takes much work and expense. 

Solid particles in the air we breathe can be harlzlful to our health. 
Clouds of lead oxide particles are thrown into the air by automobile 
exhausts because most gasoline contains lead compounds. Lead oxide 
is dangerous because it can cause lead poisoning, damaging the brain 
and other vital parts of the body. As automobile brake linings 
gradually wear away, the asbestos of which they are made floats into 
the air as extremely small, but dangerous particles which are known 
to cause cancer of the lungs. Heavy automotive traffic rapidly turns 
the rubber from tires and the asphalt from roads to dust (see Fig. 
2-7). The chimneys of incinerators and the furnaces of homes and 
factories send large amounts of tar, silicate, arsenic and beryllium 
particles as well as many other substances into the air. Chemicals 
such as these are suspected of causing lung cancer and other diseases. 

In large cities, an almost unbelievable amount of solid matter falls 
from the air. Each square mile in New York City receives an average 
of about 90 tons of such dirt per month. That amounts to 36,000 
tons per month on the 400 square miles of the city’s area. In fact, 
the solids that fall from polluted air on all of New York City would 
fill one ten-ton truck every 12 minutes. 
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Fig 2-7. Solid Particle Pollution from Automobiles. 

How To Measure Solid Fall-out 
The problem is worse in some locations than in others. Where is 

there a ,greater fall of solid particles? How can you measure the 
amount that falls? There are some simple methods for finding the 
answers. 

One method of comparing amounts of solid particle fall-out is to 
place white pieces of paper (typing paper is suitable) in a horizontal 
position in different locations for the same number of days. If the 
paper is protected from draft and wind (as within small, open-top 

cartons) the solids that gather will remain on the paper. By observing 
the darkness of the layer on each piece of paper, you can then make 
a rough comparison of amounts of particulate matter that fall in 
different locations. A more accurate measure can be made with an 
instrument called a photometer (see Figs. 2-8 and 2-9). With it you 
can measure the amount of light that can pass through the dust on a 
sheet of paper (see Fig. 2-10). The paper with the darkest layer 
would show that the heaviest fall occured in that locality. A similar 
method is used at air pollution stations. Air is pulled through a 
fiberglass filter by a vacuum pump for 24 hours. The amount of dust 
deposited on the filter is then measured with a photometer. Project 
2-3 shows how to build and use a photometer. 
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1. First, connect the ammeter, 
potentiometer and battery to each 
other with the wire as shown in the 
pictorial diagram of Fig. 2-8, and 
schematic diagram of Fig. 2-9. Use 
diagonal pliers to cut the wire. The 
connections to the terminals, to the 
potentiometer lugs and to the 
battery contacts must be soldered. 

2. Connect the photoconductive 
cell to the terminals as shown in 

Fig. 2-8 by tightening the terminal 
nuts onto the wire leads. Fig. 2-8 
shows how the parts of the 
photometer can be mounted in the 
cardboard box in which the 
ammeter is packed. Use the X-acto 
knife to cut a hole (in the top of 
the cardboard box) into which you 
can fit the round case of the 
ammeter. The face of the ammeter 
should be on the outside of the 

Back view of ammeter 
(O- 1 mill iampere) 
mounted in top of d 
open cardboard box. 

SOO-ohm 
potentiometer. 
Varies ratio of 
two resistances 
and thus varies 
voltage across 
one of the 

Potentiometer 
knob. -7 

9401 t 
transistor 
battery. 

photoconductive cell 

waves by showing 
increased electrical 

\\ 
Terminals 

Face of ammeter mounted on top of 
closed cardboard box. Measures flow 
of current through a circuit. 

Fig. 2-9. Schematic 
Diagram of Photometer. 

Fig. 2-8. Pictorial Diqyam: How to Assemble a Photometer. 
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box.$unch holes on the sides of 
the box for the shafts of the 
potentiometer and the terminals. 

3. Now, caiibrate the photometer 
by standing the lO-gallon aquarium 
tank on one end. Put the lamp 
inside the:aquarium tank and turn 
the lamp on (see Fig. Z-10). Put a 
clean piece of typing paper on top 
of the upper end of the aquarium 
tank so that the light from below is 
transmitted through the paper. The 
clean paper acts as a control against 
which to compare the fall-out 
samples you have collected. Hold 
the photoconductive cell one inch 
above the paper and turn the 
potentiometer knob until the 
ammeter reads full scale, which is 1 
milliampere. See Fig. 2-10. 

4. Then, carefully lift up the 
photoconductive cell and remove 
the sheet of clean paper. Turn the 
lamp off. Do not change the 
potentiometer setting while you 
perform any of the following steps. 

5. Cut off and discard the tops of 
the cardboard cartons. Put a sheet 
of white typing paper in the 
bottom of each carton and leave 
the cartons for a few days in 
locations where you wish to sample 
the fall-out of sotid particles (also 
calted dust-fall). You might want to 
collect dust-fall samples in your 
school yard, in your classroom, in 
your own home, etc.. When you 
retrieve these samplings, label each 
with its location, type of locality 
(residential, industrial, or a main 
street), dates, length of time and 
weather conditions. 

6. From your collected samples, 
carefully lift a dust-covered sheet of 
paper out of its carton and place it 

Photoconductive cell. Clean sheet 

Insulated wire 

terminals and 
photoconductive 

Aquarium tank. 

Ammeter. 

Terminals. Lamp wire. Lamp 

Fig. 2-10. How to Calibrate 
the Photometer. 

on top of the upper end of the 
aquarium tank, as in Fig. 2-10. 
Turn the lamp on. With the 
photoconductive cell held one inch 
above the paper, read the ammeter. 
is there a difference bet-ween this 

reading and the reading with the 

clean paper used in Step 3? The 
layer of fall-out on the paper will 
interfere with the transmission of 
light from the lamp and cause a 
lower photometer reading. 

7. Pepeat Step 6 for each exposed 
sheet of paper. Now, record your 
observations. In what location was 

the dust fall-out heaviest? What 

might cause differences in the 

heaviness of the dust-fall? Does it 

seem that heavy traffic, smoke 

from furnaces or dust from building 

construction affect the amount of 

dust-fall? How could dust-fall be 

decreased? Another method of 
gathering some samplings of solid 
particles fall-out is described in 
Project 2-4. 
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1. Wrap cellophane tape around a 
block of wood, sticky side out, 
overlapping the ends for about 1”. 
With X-acto knife cut the tape ends 
and stick them together. Stand 
block on end so that exposed part 
of tape does not touch anything. 
See Fig, 2-11 (A). 

2. Stick a piece of paper, about 3” 
x 3”, to the cellophane tape, on the 
side of the block where the ends of 
the tape overlap (B). Place the 
block on a horizontal surface with 
the paper down, so that no part of 
the exposed cellophane tape 
touches any other surface (C). 
Prepare two more wood blocks as 
in Steps 1-2. 

3. On a clear day expose the three 
blocks, with the cellophane tape 
facing up, for 24 hours in different 
locations such as a shelf inside your 
home, on the outside window sill of 
a room facing a street with heavy 
traffic, etc., Examine each block 
after this 24hour period. Fall-out 
will have settled on the sticky side 
of the cellophane tape. 

4. Carefully clean a microscope 
slide with lens paper and examine it 
through the microscope to make 
certain that there is no dust on the 
slide. 

5. Take one of the blocks and with 
the X-acto knife, cut across the 
exposed tape at two places, at least 

2” apart, as in Fig. 2-12 (A). With 
forceps, carefully remove the 2” 
strip of tape without touching the 
sticky surface except at its ends 
(B). Place this strip on the slide, 
sticky side up. Fasten each end of 
the tape to the slide with small 
pieces of cellophane tape (C). Put a 
clean cover slip on the tape to 
prevent the lens of the microscope 
from touching the tape. 

6. Now, examine the slide under 
loo-power magnification with the 
microscope. Be careful not to move 
the slide. Count the number of 
visible particles, in the field that 
you see through the microscope. 
Record this number on paper, 
including the location where you 
exposed the strip of tape, the dates 
and hours of the beginning and end 
of the exposure, and also any 
additional information that you 
may think is important. 

7. Repeat the procedures in Steps 
4-6 with cellophane tape strips cut 
from each of the other two blocks 
that you exposed for 24 hours. Was 

there a difference in the number of 

particles counted on the s/ides of 

the tapes from the three blocks 

exposed in different Iota tions? 

Which location showed the heaviest 

density of fall-out? Can you explain 

the reason for this difference? 

In project 2-4 we learn how to collect and determine the number 
or quantity of particles in a fall-out. We find that there are more dirt 
particles in the air in some locations than in others. While the dirt 
particles will soil our clothing, dirty our houses and even clog our 
lungs, another serious question comes to mind: Do any of these 
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Wood block rests 
on end to prevent 
cellophane tape 
from touching 
anything. 

Paper placed 
against block 
where tape 
overlaps. 

Sticky side of tape faces up. 

Wood block 
resting on - 
paper. 

Fig. %I 1. How to Prepare Wood 
Blocks to Collect Solid Fallout 
Particles from the Air, 

X-acto knife cutting 
2” strip of tape off 

Exposed tape 
being remoied 
with forceps. 

Exposed tape 
placed on 
glass slide. 

Cellophane tape 
holding down 
exposed tape. 

- .- 

Fig. 2-12. How to Remove Exposed 
Tape from Wood Blocks to Examine 
Solid Particle Fallout. 

particles contain chemicals that will injure our health? The answers 
can be found by examining the particles chemically. Delicate 
chemical analyses performed in air pollution control stations and in 
research laboratories reveal the nature and actual amounts of 
pollutants in the dust. Such substances as lead, arsenic, beryllium, 
silicon, asbestos and asphalt are readily identified and their quantities 
are accurately measure&. Although Project 2-4 is not as accurate, it 
does help us to find out where in our community the heaviest 
fall-out originates, and if we could perform the sophisticated 
chemical analysis that is required, it would also tell us what the 
fall-out contains that may make it even more dangerous. If our 
findings are accurate, we can provide our community with v;iluable 
information to help make it aware of and possibly help eliminate this 
pollution. 

Temperature Inversions 
Los Angeles has an average of 260 days of smog a year (see photo 

Fig. 2-13). This smog irritates people’s eyes and makes breathing 
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Fig. 2-13. Smoggy Day in Los Angeles. (Photo 

courtesy of Environmental Protection Age-. 1 

difficult. Although much has been done to ease the problem, its main 
cause, temperature inversion, has not been changed. When there is a 
temperature inversion, air near the ground begins to rise but cannot 
reach heights of more than a few hundred feet. As a result, pollutants 
poured into the air by automobiles and chimneys are trapped close 
to the ground (see photo Fig. 2-14). The pollution condition 
becomes progressively worse as long as the inversion lasts. 

To understand how a temperature inversion acts, WC must first 
know what happens when there is no inversion. In the usual normal 
distribution of air temperatures, the air closest to the ground is 
warmest and the temperature gradually decreases (the air becomes 
cooler) as the height becomes greater (see Fig. 2-15). Warm air is less 
dense than cold air. Therefore, a volume of warm air weighs less than 
an equal volume of cold air. For this reason, warm air is pushed 
upward by the pressure of the denser cold air that surrounds it. 
\Varm air moving up from the ground will continue to rise as long as 
it remains warmer than the air around it. As the warm air rises, it 
moves through air that gradually becomes colder with increasing 
height. However, the rising warm air also bcromes cooler (see Fig. 
2- 16) because it expands as it moves upwhrd into heights where the 
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Fig. 2-14. Pollutants Poured Into Air by Chimneys Aggravate Smog Condition 

During Temperature Inversion. (Photo courtesy of Bell Telephone Magazine.) 
----.. 

air prt~ssurc txcomcs progrc’ssi~cl~. lower. \I’hw there is no 

tt’mperaturta in~~crsion, the rising \varm air cools oft’ ICss rapidly than 

the surrounding air as the height incrcascs. Thrwf’orc, as Ions as the 
temperature of the rising \v;irm air is ;~l\v;t):s higher than that 01‘ the 
slurrounding air, it will continue to rise (see Fig. 2- 16). It is this rising 
\varkn air which carries the air ~~jll~~t~l~~ts up into the atmosphtw MCI 
aiva!* t’rum the communit!., allowing 11s to brt,atlie f’rcshc*r air. Hiit 
\\hat Eiappcns \vht‘l~ thcrc is ;I twlperaturc inwrsion? 

A ~cwipcuti~rc imu sion rrwits ~11~37 ttiu :tir 13f.x tht. i;rc)ilnd is 

uici1dc.r t\lan d la).cr (it’ ,iir somt’ distance ahc)v~ it (sckc’ Fig. ‘L- 17). In 

this iustancc, t’;ie warn7 air car! riw ttiroergh tlic cc)ld air that is tic*,‘;11 

the grc~und but ~vill stop rising when it rcbachcs thtb 1;1)*~r ot’ air which 

is wClrnlt’r than the air ncx the yr)und ;~ncl \vhic*h ma\’ lx only* ;t f’cw 

hun(lrcd t’1bt.t ako~~c t Iit. g( bund. ‘I’hcx w’;trm air that has h(*~*; risitig 

from tttc ground hs slo\vli~ l,Ccw c.oc,lin~ t,\. c‘sp;tnsioti. No!v it Inay 

tw cooler ;itid thcrctorC more dctisc than the la).~r 01‘ !v;krni air ;thovc 

it. ;Ind, being more dcnsc than t hcb air al)c r\r~’ ,.i t, it c;ln HO l( )ngcr rises 

(st‘c- I*‘ig. 2- 1 8). I tt ;I t c’nl]‘C”‘;‘t Ill-t’ in\Fc’rsioti ‘tlicx \v;irnt la\.~~t. 01‘ ai!. 

(pcjssibl!. ;t f’csv hundrt’d t‘cc’t :ltx)\,c thus (:r( )r~ncl) ;ir:ls Iii,<* ;I lid on ;I 

pot. It stops the Lq’\\xd tno\‘c~n~c’nt 01’ tt1c L\‘;If111 ;kir c-r\rrc-ttt Is LvlIi(.ll 
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Height 

5,000 Ft. 

4,000 Ft. 

3,000 Ft. 

2,000 Ft. 

1,000 Ft. 

0 Ft. 

Temperature 

-52.5' 

- 56.0' 

- 59.5O 

-63.0° 

66.5O 

-7o.oO 

Height Rising Air Temperature 

4000 Ft. 

3OOOFt. 

2000 Ft. t E@ r 63OF 

1000 Ft. f [t4.jm f 66.5’F 

Fig. 2-15. A Normal Distribution 
of Air Temperature. 

Fig. 2-16. Warm Air Rising In a Normal 
Temperature Distribution. 

carry away the pollutants, with the result that these pollutants 
remain concentrated close to the ground. When this occurs, you have 
the makings of a smog condition. 

Temperature inversion may form in several ways. In the Los 

Angeles area, two main actions combine to create the inversions. 
West winds sweep cold air from the Pacific Ocean across the surface 
of the ground. This makes the lower layers of air in the Los Angeles 
area colder than the air that is higher up. In addition, the air over Los 
Angeles generally has high barometric pressure and therefore tends to 
sink rather than rise. As this air sinks, it becomes warmer because it 
is being compressed by the increasing weight of the air above it (see 
Fig. 2-19). The temperature of the sinking air increases until it 
descends to a height where its temperature now is warmer than the 
air below it. At that height, which is usually a few hundred feet 
above the ground, the air stops falling. As a result, there is a layer of 
warm air above the colder air near the ground. The lid is on! A 
temperature inversion has formed (see Figs. 2-17 and 2-18). 

To find out whether there is a temperature inversion in your 
community, you must measure the temperature of the air at 
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Fig. 2-18 shows that at 500 feet the 
rising air is 77.25’ (2.75’ cooler 
than surrounding air at 80’). At 
this temperature the rising air 

trapped. The longer this condition 
remains the more pollutants 
accumulate, creating a smog 
condition which can become a 

cannot continue upward and the 
rising pollutants in the air are 

health hazard as it progresses. 

- 
Height 1 Temperature 

* 
COO Ft. 79.65’F 

500 Ft. 80°F 

400 Ft. 68.6OF 

300 Ft. 

200 Ft. 69.3OF 

100 Ft. 

0 Ft. 70°F 

Fig. 2-17. Temperature Inversion 
at 500 Feet Above Ground. 

Height 

6C0ft. 

500 ft., 

400 ft. 

Rising air. Temperature 

79.65’F ..- ----- --.... 

80.0°F 

68.6O F 

Fig. 2-18. Warm Air Rising In, 
Temperature Inversion. 

The temperature of the sinking air 
increases until it descends to a 
height where its temperature, by 
compression, now is warmer than 
the air below it. At this height, 
usually a few hundred feet above 
the ground, the air stops falling. 

c 

Air above Los Angeles tends to sink 
because it has high barometric 
pressure. As it drops, it is being 
compressed by the increasing 

weight of the air above it. 

West winds sweep cold air trom the 
Pacific Ocean across the surface of 
the ground. 

Lower layers of air are colder than 
the air higher up. J 

Cold winds. 

West. East. 

Fig. 2-19. How Temperature Inversion Is Created In Los Angeles. 
m-e --- 

different heights. Project 2-5 shows how to make and use an 
electrical thermometer that can measure temperatures hundreds of 
feet above the ground. 
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1. Remove the photoconductive 
cell and its connecting wires from 
the photometer terminals, and 
replace it with the thermistor (see 
Fig. Z-20). This converts the 
photometer into an electrical 
thermometer. 

2. On the hot plate or stove heat 
some water in the beaker to 100°F. 
Use the ordinary thermometer to 
measure the lOOoF temperature. 
Remove the beaker from the hot 
plate or stove. Now, put the 
thermistor of the electrical 
thermometer into the water. While 
the water is still at lOOoF (as 
shown by the ordinary 
thermometer), turn the knob of the 
potentiometer until the ammeter 
reads 1 milliampere. When this 
adjustment has been made, the 1 
milliampere reading on the 
ammeter equals the lOOoF reading 
on the ordinary thermometer (see 
Fig. 2-21). Dispose of hot water in 
beaker. Note: Do not turn the 
potentiometer knob during any of 
the following steps. 

3. Place the thermistor and the 
ordinary thermometer into the 
beaker containing a mixture of ice 
and water. The temperature reading 
should be about 32’F on the 
ordinary thermometer. Now check 
the reading on the ammeter. 

Veto 4102 thermistor 
replaces photoconductive 

Potentiometer 
knob. 

Ammeter. Terminals. 
- 

Fig. 2-20. How to Assemble 
Electric Thermometer. 

- 

Note: This reading on the ammeter 
corresponds to the 32’F reading on 
the ordinary thermometer. Make a 

record of this reading, so that you 
will know where 32’F is on the 
ammeter. 

4. With both the thermistor and the 
ordinary thermometer still in the 
cold water, heat the water slowly 
on the stove or hot plate until it 
reaches 100’ F. As the water 
temperature rises, record the 
ammeter readings at 40°F, 50°F 
and every 10 degrees until you 
reach 100°F. You have now 
fully calibrated your electrical 
thermometer from 32’F to lOOoF, 
and know the temperature that 
corresponds to each meter reading. 
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Potentiometer Ordinary thermometer 
knob. in 400-ml beaker. 

I 

Ammeter reading 

at 1 milliampere. \ 7 I 

/ Water heated 

Thermistor. to lOO”F- 

Fig. 2-21. How to Calibrate 
Electric Thermometer. 

5. Mark the 500-foot fishing line 
every 10 feet with the black 
marking pen, Mark every 100 feet 
with the red marking pen. 

6. Now, let’s convert the electrical 
thermometer so we can record 
temperatures above ground lewel. 
Disconnect the thermistor leads 
from the terminals of the electrical 
thermometer. Scrape one inch of 
insulation from each end of the 
Lit2 w .d. Attach the short wire 
leads of the thermistor to the two 
500-foot lengths of Litz wire by 
twisting one end of each piece of 
Litz wire around each thermistor 
lead. Then, attach the free ends of 
the Litz wires to tRe terminals of 
the electrical thermometer as 
shown in Fig. 2-22. Now, check 
your electrical thercnometer as in 
Step 4 to see that it still works 
correctly. 

7. Go outdoors, to an open area. 
Tie one end of the fishing line to 
the helium-filled balloon. Then, 
using a short piece of the nylon 

L 

Two 5OO-foot lengths of 
Lit+ wire attached to 
terminals and thermistor. 

I 
I Thermistor. 

Terminals. 

Fig. 2-22. How to Convert the 
Electric Thermometer to Record 
Temperature Above Ground. 

Balloon tied to one 
end of fishing line. 

Thermistor at end of Litz wires is 
attached to fishing line at bottom 
of balloon. Litz wire is tied to 
fishing line at intervals of several 
feet as shown. 

,Fishing line with black and red 
markings. 

a 

TWO 500-ft. lengths of Litr 
wire attached to terminals of 

- electrical thermometer on the 
ground. 

Fig. 2-23. How to Record 
Atmospheric Temperatures. 
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fishing line, tie the thermistorends observations showing the 
of the Lifz wires to the fishing line, temperature on the horizontal axis 
close to where the fishing line is 
attached to the balloon (see Fig. 

and the height above the ground on 

2-23). Now, with short pieces of 
the vertical axis as shown in Fig. 

fishing line, tie the Litz wire to the 
Z-25, which shows a typical graph 

fishing line every few feet, so that 
for a day when there is no 

the line supports the weight of the 
temperature inversion. Fig. 2-26 is a 

wire. While holding the fishing line 
graph made on a day when there 

securely, allow the balloon and 
was a temperature inversion. 

thermistor to rise (100 feet at a 9. Compare your graph with Figs. 

time), pulling the Litz wire with it. 2-25 and 2-26. Does your graph 

Make a record of the ammeter indicate that there is a temperature 

reading (as in Fig. 2-24) for every inversion? Your results will show 

100 feet that the balloon rises, that you have learned how to 

using the red and black marks on measure atmospheric temperature. 

the fishing line to guide your height NOW, using the procedure in this 

count. Reject, you can find out when 

8. Now, make a graph of your 
there is a temperature inversion in 
your community. 

Note: If a temperature inversion does exist in your community, there 
will tend to be a higher concentration of pollutants such as sulfur 
dioxide, asbestos, lead oxide, nitric acid, etc. in the atmosphere. All of 
these are highly dangerous to our health, and the community, guiding 
itself to some extent by your findings, should demand official action to 
eliminate this condition. 
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Fig. Z-24. Record of Temperature 
and Height Recorded Above Ground. 
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Fig. 2-25. Typical Graph of Day 
With No Temperature Inversion. 



Note how the temperature in Fig. 
2-26 gradually drops as the air 
rises. It continues to drop until 
the air reaches the altitude of 400 

feet, at which height the 
temperature then begins to rise 
sharply. 

$ 600 

9 
c .- 500 
5 
5 
-I 400 
u 

2 300 
G 

s 
0 200 

9 

z 100 
ul .- 
I" 0 

68O 6g” 70° 71’ 72’ 78O 79’ 80” 

Temperature in Degrees Fahrenheit. 

Fig. 2-26. Typical Graph of Day With Temperature Inversion. 

Ozone, the More Active Oxygen 
Ozone (03), a form of oxygen, is both helpful and harmful. If 

there were no ozont in the atmosphere, powerful ultraviolet rays 
from the sun would reach the earth’s surface and destroy most, if not 
all of life. A layer of ozone high above the earth absorbs almost all of 
the strong ultraviolet rays. The height of this ozone layer changes 
from about 25 miles above the earth’s surface during the day to 50 
miles during the night (see Fig. 2-27). The ozone concentration is 
greatest higher up where the ultraviolet rays from the sun first 
encounter dense concentrations of oxygen and changes the oxygen 
(02) to ozone (03). Wh en the oxygen changes to ozone, the strong 
ultraviolet rays are absorbed and cannot travel further down toward 
the earth’s surface. Ultraviolet radiation not .only forms ozone, it also 
breaks up existing ozone, changing it back to oxygen. That is why 
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Tropopaus 

w 
Tropospherf 

Ozone layer here absorbs almost all 
of the strong ultraviolet rays from 
the sun and prevents them from 
penetrating to the earth. 

Ozone layer changes from about 50 
miles above the earth at night to 
about 25 miles above the earth 
during the day. There are about 
eight parts of ozone to a million 
parts of air in the ozone layer above 
the earth. 

Ozone Concentrations near earth’s 
surface is usually less than one 
tenth of a part to a million parts of 
air. 

fig 2-27. Location of the Orone Layer in the Atmosphere. 
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the concentration of ozone in the ozone layer high above the earth 
does not increase to much more than 8 parts of ozone in a million 
parts of air. Although this may appear to be a small concentration, it 
is still about 100 times greate- 1 than the average concentration of 
ozone near the earth’s surface. 

When a layer of ozone has formed in the upper layers of the 
atmosphere, it prevents the strong ultraviolet radiation from 
penetrating further and changing the oxygen closer to the ground to 
ozone. Although the ozone layer miles above the earth, in the upper 
atmosphere, is essential if life is to continue on the earth, ozone itself 
is highly poisonous. As little as one-half part of ozone in one million 
parts of air indicates a severe air pollution condition and is 
considered to be quite dangerous to human health. Within an hour, 
such a concentration of ozone can cause serious damage to plants 
and animals. Ozone destroys organic matter, both living and dead. If 
we can devise a method for detecting ozone, we can take steps to 
reduce its concentration before it destroys plant and animal life. 
Scientists have found that ozone deteriorates and cracks rubber. 
Thus, we can test rubber deterioration to detect the presence of 
ozone. Project 2-6 describes a way of estimating ozone 
concentrations near the earth’s surface, based on the cracking of 
rubber. 

1. Hammer two nails into one of 
the boards, far enough apart to 
stretch a rubber band tightly over 
them as in Fig. 2-28. Then prepare 
5 more such boards. 

2. Place one board in each of five 
locations (indoors or outdoors) 
where you wish to test the ozone 
concentration. Since the electric 
motors often produce quite a bit of 
ozone, you might test the ozone 
concentration near an applihnce 

Two nails hammered 
into 2” x 8” wood 
board. Rubber band 

stretched 
across nails. 

Wood block. 

Fig. 2-28. Stretching Rubber 
Band to Test for Ozone. 

. 
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Wood cover taped to 
top of aquarium tank. 

Hole in wood cover 
sealed with tape, 

10 gallon 
aquarium 
tank. - 

Sun lamp connected 
to electric outlet. 

Board &th stretched 
rubber band, 

Fig. 2-29. How to Test Ozone Production by a Sun Lamp. 

with an electric motor which is 
used for long periods of time, such 
as a refrigerator, an air conditioner, 
electric fan, etc. Check periodically, 
and note how long it takes for the 
rubber band to crack and break. 

Note: In areas where the ozone 
concentration is high, it will take 
less time for the rubber to crack. It 
may take weeks or months for the 
rubber to crack in some locations, 
depending on the amount of ozone 
concentration. 

---3. Place the sun lamp in the 
aquarium tank together with the 
unused sixth prepared board. CIVilI a 
hole at one end of the aquarium 
cover board and push the electric 
cord from the sun lamp through it. 
Cover the aquarium tank with the 
wooden board and seal the edges 

and the area around the hole on the 
bpard with cellophane tape (see 
Fig. 2-29). Then invert the 
cardboard carton completely over 
the aquarium tank to absorb the 
harmful ultraviolet rays from the 
sun lamp. T’urn on the sun lamp for 
a few minutes, then turn it off. 
Remove the carton, but do not take 
the wooden cover off. Note how 
long it takes the rubber band to 
crack. Does this show that ozone is 

produced by an ultraviolet lamp? 

4. Check the other 5 locations. 
Record how long it takes for the 
rubber band to crack in each 
location. Since the rubber band will 

crack sooner in locations with the 

highest ozone concentrations, what 

conclusions can you draw from this 

experiment? 

Note: Large concentrations of ozone are produced by the action of 
sunlight on automobile exhaust. Therefore, highways and heavily 
traveled streets in your community should be tested for ozone. Power 
company substations are good locations to check since the generators 
are likely .to produce much ozone. The location with the lowest ozone 
concentration (Step 4) may be used as a control. 
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The ozone concentration near the earth’s surface is generally less 
than one-tenth of a part per million parts of air. Some of this ozone 
is brought down from the ozone layer by the extremely slow vertical 
currents that mix the atmosphere. However, most of the ozone 
found in badly polluted air does not come from higher altitudes. 
Some ozone is made by lightning, and by ultraviolet lamps and other 
electrical equipment. Most ozone is formed near the earth’s surface 
when nitrogen dioxide forms nitric oxide, releasing an oxygen atom. 
The oxygen atom then combines with an oxygen molecule, 
producing ozone. The equations for these reactions are: 

NO2 -NO+ 0 

Nitrogen -Nitric + Oxygen 
dioxide. oxide. atom. 

0 + &----0~ 
I 

Oxygen + Oxygen 4 Ozone 
atom. molecule. 

I 

These reactions take place when nitrogen dioxide is exposed to 
sunlight in the presence of hydrocarbons. Much of the nitrogen 
dioxide and hydrocarbons come from automobile exhausts. This is 
another way that the automobile adds to the air pollution problem. 

While ozone is forming, the reaction of nitrogen oxides and 
hydrocarbons also produces chemicals called peracyl nitrates and 
formaldehyde. These are irritating to the eyes and cause the eyes to 
smart when we are riding in heavy automobile traffic. Since sunlight 
supplies the energy that starts this set of reaction, the resulting 
pollution is called photochemical smog (see Fig. 2-30). Photo, which 
means light, refers to the light that triggers the reactions. 

Carbon Dioxide 
Although carbon dioxide is considered to be a normal and very 

useful part of the air, it could conceivably destroy heavily populated 
cities if its concentration were to increase greatly. Although its 
concentration in our atmosphere is quite small, only 300 parts per 
million parts of air, carbon dioxide is essential for food and oxygen 
production (photosynthesis) by plants. Carbon dioxide also 
stimulates the breathing center in the brains of animals. About the 
only harm carbon dioxide does at present is to react with limestone. 
When carbon dioxide dissolves in water, it forms carbonic acid, 
which slowly dissolves the limestone. 
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Sunlight supplies the energy that 
produces this reaction: 

Fig. 2-30. How Photochemical Smog Forms. 

If carbon dioxide seems almost harmless, how could it destroy 
cities? This possibility is being created because we are producing 
considerably larger quantities of carbon dioxide now than in the past 
by burning more coal, oil and gasoline. Green plants, which remove 
carbon dioxide from the air for use in photosynthesis arc no longer 
abIe to remove it as rapidly as we pour it into the air. The result is 
that the carbon dioxide concentration in the air has increased about 
5% in the last 50 years. In 500 years this rate of increase would add 
50% more carbon dioxide to the air. The carbon dioxide 
concentration would then be about 450 parts per million parts of air 
instead of the 300 parts we now have. As a result, the average 
temperature of the earth would rise about 7 degrees Fahrenheit. This 
would be enough to melt the polar icecaps, releasing enough water to 
raise the ocean levels about 150 feet. All the coastal cities in the 
world would be under many feet of water (see Fig. Z-31). Low-lying 
cities deep inIand would also be flooded. How high is your house 
above the sea level? 

Carbon dioxide in the atmosphere helps make the earth warmer 
because it permits the visible light and some weak ultraviolet rays 
from the sun to pass through it and heat the earth. However, carbon 
dioxide in the atmosphere absorbs infrared rays from the earth and 
re-radiates it back to the earth, creating a hothouse effect (see Fig. 
2-32). Energy from the sun can easily reach the earth, but energy 
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Sea level if Polar 
ice caps melt. 

t Sea level 
at present. 

Fig 2-31. How MeAting Polar Icecaps Might Flood Coastal Cities. 

from the earth cannot radiate out into space as easily. At present, the 
balance between warming and cooling of the earth is maintained by a 
steady concentration of carbon dioxide, and all is well. However, a 
large increase in the concentration of carbon dioxide will upset this 
balance and cause disastrous floods. Future scientific advances may 
make it practical to convert carbon dioxide into other compounds 
(for example, calcium carbonate) fast enough to prevent an excess of 
the gas from accumulating in the atmosphere. Also, new regulations 
limiting the use of such fuels as oil and coal will probably help to 
diminish the quantities of carbon dioxide now poured into the air. 
Measures such as these may help avoid the catastrophe that might 
result from the hothouse effect. 

Project 2-7 shows how to measure the carbon dioxide 
concentration in the air. 

I 1. The sun’s radiation 
\ ’ (mostly visible light, 

0 

some ultraviolet rays 
and infrared rays) heats 

I x the earth’s surface. 

3. Carbon dioxide and water vapor 
in atmosphere absorb and then 
re-radiate the infrared rays in dl 
directions. 

0 

I 
// 

4. Much of the infrared rays cannot 

2. The earth reflects t&e-) 
escape into the outer space, and 

X 
cinf rared 

return to earth. The earth may then 

) 

rays (heat 
, 

I become warm enough to melt the 
waves) back into the ( polar ice caps and cause severe 
atmosphere. . - flooding in coastal areas. 

-- 
Fig. 2-32. HOW Carbon Dioxide Causes the “Hothowf’ Effect. 
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1. Prepare the same set-up used in 
Fig. 2-4, Project 2-2, following the 
procedures in Steps l-5, Project 
l-l. 
2. Using weighing paper and the 
sensitive balance, measure a mass of 
1.68 grams of calcium hydroxide. 
Set aside for use in Step 3. 

3. Pour 1 liter of distilled water 
into the l-liter beaker. Add the 
calcium hydroxide and stir with 
stirring rod until it is dissolved. 
Pour some of the calcium 
hydroxide into the bottle. Stopper 
the bottle tightly and label it 
“Calcium hydroxide solution.” 
Discard the rest of the calcium 
hydroxide solution that is left in 
the beaker. 

4. Pour 100 ml of distilled water 
into the 250-ml flask. With the 
pipette, add 1 ml of the calcium 
hydroxide solution from the bottle. 

Now, add two drops of the 
phenolphthalein solution with the 
medicine dropper. The solution will 
turn bright pink. Set aside for use 
in Step 6. 

5. Test the air pump to find out 
how many liters of air it pumps per 
minute. Follow procedure used in 
Fig. 2-6, Project 2-2. 

6 Connect the air pump to the glass 

tube of the flask as in Fig. 2-5, 
Project 2-2 (Step 3). Allow the 
pump to work until the solution in 
the flask becomes colorless. 

7. Calculate the volume of air that 
passed through the solution by 
multiplying the liters-per-minute 
capacity of the air pump by the 
number of minutes it took to turn 
the solution colorless. 

Note: 1 liter of air has a mass of 
about 1.3 grams. Calculate the 
number of grams of air that have 
passed through the solution. 

8. It takes 0.001 gram of carbon 
dioxide to make the solution 
colorless. Use the results of your 
experiment (the number of grams 
of air) to calculate the number of 
parts-per-million of carbon dioxide 
in the air. Use the method 
explained in Project 2-2. 

9. Measure the carbon dioxide 
content of the air in various 
locations. For example, what 
difference in carbon dioxide 

concentration can you find near a 

block or a street that has very 

heavy traffic as compared to a 

block or a street with very light 

traffic? What is the carbon dioxide 

concentration in a kitchen where a 

gas stove is being used for cooking a 

meal? 

Explanation: Phenolphthalein is a dye that is bright pink in a basic 
solution, but is colorless in a neutral or acid solution. Since calcium 
hydroxide is a base, phenolphthalein is pink when it is in a calcium 
hydroxide solution. Carbon dioxide combines with calcium hydroxide, 
forming calcium carbonate, which is an insoluble precipitate. When all 
the calcium hydroxide has combined, the phenolphthalein becomes 
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colorless because the solution is no longer basic. The equation for the 
reaction is: . 

Ca(OW2 + CQ2 -CaC03 + H20 
Calcium 

+ 
Carbon -- Calcium 

+ 
Water. 

hydroxide. dioxide. carbonate. 

(Phenolphthalein is pink) (Phenolphthalein is colorless) 

In words, this equation states that one gram molecular mass of 
calcium hydroxide combines with one gram molecular mass of carbon 
dioxide. One gram molecular mass of calcium hydroxide, Ca (OH)2, 
may be calculated this way: 

One gram atomic mass of calcium (Ca) = 40.1 gm 

One gram atomic mass of oxygen (0) = 16 gm 

One gram atomic mass of hydrogen (H) = 1 gm 

One gram molecular mass of calcium hydroxide, Ca(OH)2. is 
composed of one gram atomic mass of calcium, 2 gram atomic masses 
of oxygen and two gram atomic masses of hydrogen. Thus, one gram 
molecular mass of calcium hydroxide 

= 40.1 gm + 2 (16gm) + 2 (1 gm) 

=40.1gm+32gm+2gm 

=74.1 gm 

You can use the same method to calculate one gram molecular mass 
of carbon dioxide (C02): 

One gram atomic mass of carbon = 12 gm 

One gram atomic mass of oxygen = 16 gm 

One gram molecular mass of carbon dioxide (C02) is composed of 
one gram atomic mass of carbon and two gram atomic masses of 
oxygen. Thus, one gram molecular mass of carbon dioxide 

= 12 gm + 2 (16 gm) 

= 12gm+32gm 

=44gm 

Then, since 44 grams of carbon dioxide combine with 74.1 grams of 
calcium hydroxide 

74.1 gm of Ca(OHj2 -1.68 gm Ca(OH)2 

44 gm of CO2 - 1.00 gm CO2 

or one gram of CO2 combines with 1.68 grams of Ca(OH)2. 
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In Step 2, Project 2-7, we measured a mass of 1.68 grams of 
calcium hydroxide and dissolved it in a liter of distilled water. We 
now know that 1 gram of carbon dioxide combines with 1.68 grams 
of calcium hydroxide. However, in Step 4, we used only 1 milliliter 
(0.001 liter) of the calcium hydroxide solution. One milliliter of the 
calcium hydroxide solution contains 0.00168 gram of calcium 
hydroxide. Only 0.001 gram of carbon dioxide combines with 
0.00168 gram of calcium hydroxide. The solution used in Step 8 
contains 0.00168 gram of calcium hydroxide. When the solution has 
become neutral and the phenolphthalein has become colorless, 0.001 
gram of carbon dioxide has combined. From this we know that the 
amount of air that was pumped through the solution contained 
0.001 gram of carbon dioxide. We can now calculate the number of 
parts of carbon dioxide per-million-parts of air. 

Extremely careful calculations of this sort could help you keep 
track of the rise in concentration of carbon dioxide in the local 
community’s atmosphere. In the future, scientists will probably 
attempt to slow down that rise or even decrease the quantity of 
carbon dioxide in the atmosphere. Chemical analyses and 
calculations will be used by scientists to tell whether we are getting 
the results we want. 

Carbon Monoxide: Painless Poison 
Carbon monoxide is so treacherous an air pollutant that its victims 

may die without sensing that anything is wrong in the atmosphere 
around them. Carbon monoxide cannot be seen because it is 
colorless. Its lack of odor makes it impossible to smell, and carbon 
monoxide is not irritating, so that it cannot be felt. Air that contains 
deadly concentrations of carbon monoxide appears to be the same as 
air that is practically free of it. 

One of the functions of our blood is to carry oxygen to all parts of 
our body. Carbon monoxide kills by destroying this ability of the 
blood to carry oxygen. Hemoglobin, the chemical that gives red 
blood cells their color, combines with oxygen in the lungs and 
releases it in parts of the body where the oxygen is needed. The 
presence of hemoglobin makes it possible for the blood to supply 

sufficient oxygen to all body tissues. Unfortunately, hemoglobin 
attracts carbon monoxide even more strongly than it attracts oxygen. 
When a hemoglobin molecule has combined with a carbon monoxide 
molecule, it does not release the carbon monoxide. The altered 

62 

L 



hemoglobin molecule can no longer attract oxygen. If too much 
hemoglobin has combined with carbon monoxide, the blood cannot 
combine with enough oxygen in the lungs, and release it in other 
parts of the body. Thus, the blood is unable to satisfy the vital 
demands of the body for oxygen and death occurs. 

The brain is the first organ affected by a lack of oxygen. First 
there is a feeling of drowsiness and confusion, followed by loss of 
consciousness. Breathing stops if the activity of the brain falls to a 
still lower level. The victim of carbon monoxide poisoning dies after 
becoming unconscious. 

The sources of carbon monoxide are many and varied. Some 
cooking gases have high precentages of carbon monoxide. Almost 
any fire gives off carbon monoxide. The highest concentrations of 
carbon monoxide are produced when the supply of oxygen is 
insufficient for complete burning of the fuel. For example, a 
smoldering pile of newspapers gives off a great deal of carbon 
monoxide because air cannot easily get between the pages of the 
newspaper. ‘rhe automobile, however, is the major source of the 
greatest amount of carbon monoxide. Exhaust gases from 
automobiles contain as much as 5% carbon monoxide. If we are to 
rid ourselves of this dangerous pollutant or reduce it to an acceptable 
level, we must first know where the carbon monoxide concentrations 
occur, how much is present, and what the safe levels are. Project 2-8 
suggests one way to estimate the amount of this deadly pollutant 
that automobile traffic produces in your locality. Before we begin 
this project there are certain facts we must understand. Since the 
methods of measuring c:arbon monoxide concentrations are 
expensive and complicated, we will study the extent of carbon 
monoxide by basing our research on certain known estimates : 

About 2.7 pounds of carbon monoxide are produced by the 
average automobile when it uses up one gallon oP g&soline. The 
average car travels 15 miles on a gallon. Therefore, an average 
automobile traveling one mile uses l/ 15 of a gallon. Since one gallon 
of gasoline produces 2.7 pounds of carbon monoxide, l/15 o,t a 

gallon produces ZJ rs pounds of carbon monoxide, or 0.18 pounds of 
carbon monoxide. 

The average city block is about l/20 of a mile long. To estimate 
the amount of carbon monoxide produced by one car traveling one 
city block we multiply 0.18 pounds of carbon monoxide by l/20 of 

63 



a mile (one city block). The result is 0.009 pounds of carbc2 
monoxide. With these facts in mind, we are now ready to undertake 
our study. 

POW 2-B. HOW to Estimate the Production of Carbon Monoxide in 

Your Community. 
. . . I.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .: _.... . . . . . . . . . . . . . . . ..-...:.z;.::: . . . . . . . . . :::::“-‘;...............~:.~.:.:.:.~.:..:. * ___ ,:, ;: :: :::> :.:.:..... . . . . . . . . ..=............... . ..-.‘...<I... .I... \ . . . . . . . . ..~.~.~. :.,, __, _, __ . .:~:.:.:.:.:.~.:.:.~s . . . . . . . . ~ . . . . . . . . . . . . . . ..__ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~:::::::::?.:~:~~~::. :~~:::~:i:.:.:.:.~:.~.~.::~::.::~::::::::::~:~~:.:~.:.:.:~.:.:~.:.:;.:.::::::::~~ . . . . . . . . . . . . . . . . . . . . ;:.:>.:.>..:.‘. .‘.~~.....~..........: . . . . . . . . . . . . . . .a.. 3.. . . -. . : . . . . . . -. i. . . . . . 

Fig. 2-33. The Carbon Monoxide Danger Level on a Typical City Block. 

1. Station yourself at one point on 
a city block or a street. Count the 
number of automobiles that pass 
this point in 10 minutes. Record 
your observations. Now, try several 
lo-minute periods to arrive at an 
average number of automobiles that 
pass this point. 

2. Multiply the average number of 
automobiles by 0.009. This will 
give you the number of pounds of 
carbon monoxide released into the 
air by the automobiles that pass 
through that block or street in 10 
minutes. For example, if an average 

of 111 automobiles pass through 
the block or street, multiply 111 x 
0.009. The answer is “ane pound of 

carbon monoxide (CO).” 

3. Perform the same test on 
different blocks or streets in your 
locality, where traffic is heavy, to 
arrive at an overall average. Assume 
that 111 automobiles pass through 
one city block or street in 10 
minutes, producing one pound of 
carbon monoxide. This amount of 
carbon monoxide can make a 
surprisingly large volume of air 
poisonous to breathe. 

Explanation: If your city block is 250 feet long (slightly shorter than 
l/20 mile) and 50 feet wide. then a lo-foot depth of this block would 
contain 125,000 cubic feet of air (see Fig. 2-33). This volume of air has 
a weight of about 10,000 pounds. If 111 automobiles ride through the 
block, they give off one pound of carbon monoxide (CO) into the air. 
One pound of carbon monoxide in 10,000 pounds of air is equal to a 
concentration of 100 parts of carbon monoxide per million parts of air. 
This is expressed in the following equation: 

1 lb. of CO = 100 I bs. of CO 
10,000 Ibs. of air l,OOO,OOO Ibs. of air 

Therefore, if 111 automobiles ride through the block they give off 
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enough carbon monoxide to raise the concentration in that large 
volume of air to 100 parts per million. In moderately heavy traffic, 111 
automobiles may ride through the block in 10 minutes or less. If the air 
is stationary for even a short period of time, the carbon monoxide level 
may become high enough to justify the first alert. Fortunately, 
however, the air currents on the street ordinarily move the carbon 
monoxide upwards and sideways and out of the street, thus carrying off 
the deadly gas. 

In Los Angeles, if and when the carbon monoxide concentration 
reaches as much as 100 parts per million parts of air, a first alert 
against air pollution will be declared. A first alert means that the 
carbon monoxide concentration is high enough to be a serious threat 
to health. When a first alert is declared, certain procedures are 
followed to decrease the carbon monoxide level. All automobile 
traffic (except for emergency vehicles) in the city may be prohibited. 
Only absolutely essential furnace fires may be permitted. Second and 
third alerts would be declared at higher carbon monoxide levels and 
the control measures would be even stricter. 

How Poliutants Affect Visibility 
How far can you see on a clear day in a large city? If you could see 

anything that is as much as 10 miles away, you would think that the 
visibility is excellent. Even in rural areas, where visibility is generally 
much better than in cities, mountains usually cannot be seen from a 
distance of more than 15 or 20 miles. Yet, have you ever wondered 
why you can see the moon clearly during the daytime, even in a city, 
although it is about a quarter of a million miles away? Fig. 2-34 
shows what causes the difference in visibility. 

When you look along the surface of the earth in a horizontal 
direction, light reflected from a distant object must travel toward 
your eyes through miles of air filled with particles of dust and 
droplets of liquid. If there is a heavy concentration of these 
pollutants, almost all the light from the distant object is scattered 
and absorbed by the pollutants before it reaches your eyes and, 
therefore, you cannot see the distant object. On the other hand, light 
reflected from the moon travels mainly through the clean, 
near-vacuum of outer space. Only when the moonlight gets very close 
to the earth must it pass through badly polluted air containing a large 
concentration of suspended particles. However, the light can usually 
get to your eyes because it travels only a relatively short distance 
through polluted air (see Fig. Z-34). As a result, you can see the 
moon clearly, although you may not be able to see the mountain. 
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0 Light from the moon travels only a 
short distance through polluted air 

\, to reach your eyes. 

4 

Dash line shows distance tight from 
the mountain must travel through \ 

the polluted air to reach your eyes. \ Depth of polluted air. 

Fig. 2-34. Haw Pollutants Affect Visibility. 

Airports especially are interested in visibility and ceiling because 
aircraft takeoffs and landings are far safer when visibility is good and 
the ceiling is high. Visibility is the distance you can see on a line 
close to horizontal. The ceiling is the greatest vertical height which 
you can see above the earth’s surface. The ceiling is usually the 
bottom of thick layers of clouds. 

Since poor visibility can mean air pollution, and air pollution 
indicates unhealthy conditions, we can sometimes roughly measure 
air pollution by measuring visibility. Project Z-9 gives methods of 
measuring visibility. Project Z- 10 suggests a way of determining the 
ceiling, provided it is not too high above the earth’s surface. 

Project 2-9. Measuring Visibility. 

: .-Yau iii;iH n@ed;street maps,-road maps or topographic maps, a pen and 
.note paper. Sjreet maps and road maps can be obtained from a gsrsofine 
station. Topographic maps of your area can be rrbtained Srorn the.Chief 
of I&&-ibu&~n, U.S. Geological Sflrvey, Washington., D. C, 20025. 

1. Using the scales on the map find 
out how far your home is from tall 

landmarks you can see on each of 

buildings, bridges, hills or other 
several days. Keep a record of your 

landmarks that you can see on a 
observations and note the type of 

very clear day. Then, record these 
weather (cloudy, hazy, rainy, etc.) 

landmarks and their distance. 
and the distance. This will help you 
to determine the visibility, in miles, 

2. Find out which of the recorded on both inclement and clear days. 
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Project 2-10. Measuring the Ceiling. 

1. Mark the nylon string every 10 and lo-foot marks on the length of 
feet with the black magic marker string that the balloon pulled up 
and every 100 feet with the red with it. Make certain you count all 
magic marker. Tie one end of the marks from the ground to the point 
string to the balloon. where the balloon was no longer 

2, On a day with very low-lying 
clouds, let the balloon rise until 
you cannot see it. At that point, 
the balloon has reached the ceiling. 

visible. 

4. Measure the ceiling several times 
within a short period of time, on 
the same day. Keep a record of 
your observations. Do your notes 

3. Measure the height of the ceiling indicate that the ceiling changes 
by lowering the balloon and rapidly? What conditions may cause 
counting the number of lOO-foot rapid changes in the ceiling? 

We have examined several aspects of air pollution and how to 
reduce it. In the following chapter, we will look into the problem of 
water pollution. 



CHAPTER THREE 

WATER POLLUTION 

WATER CAN be wonderful. You can really enjoy it, and it is one of 
life’s necessities. A pure river, lake or bay is a place where you can 
swim or fish without danger or fear of infection. However, when 
water is polluted, those pleasures become impossible, the polluted 
bodies of water become eyesores and worse yet, their odor is often 
more than you can stand. See photo Fig. 3-l. 

Water pollution is a menace to all forms of life, and when it has 
reached a dangerous level of concentration, only the hardiest plants 
and animals can continue to exist there. The rivers and lakes that 
have reached these dangerous levels are considered to be “dead.” 
Lake Michigan is an example of a lake that is practically dead. See 
Fig. 3-2. Its water is muddy and coated with algae that are among the 
few pollution resistant plants still living in the lake. All the lake’s fish 
have disappeared except for a few kinds that have little food value. 

Fig. 31. Typical View of a Polluted Body of Water. 
(Photo courtesy Environmental Protection Agency.) 
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Fig. 52. Vast Expanse of Bead Algae Contributes to the Pollution of Lake 
Michigan. (Photo courtesy of Environmental Protection Agency.) 

Fig. 33. Scenic View of a Clean Water Lake. (Photo courtesy of Environmental 
Protection Agency.) 

There are many causes of water pollution and many ways in which 
water mall be polluted. If we live in or near a city or industrial area, 
the nearby waters are probably polluted. Since this does affect our 
well-being in many ways, we are going to examine the problems of 
local water pollution and we will try to find out what the pollution 
sources are, the nature of the pollution, and how to reduce or 
eliminate it in the community. 
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How Clear Is the Water? 
Some water is so clear that you can see down into it for many 

feet. This is true of Stanley Lake in Idaho. (See photo Pig. 
3-3). Such clear water 1s quite pure and unpolluted. On the other 
hand, turbidity or “cloudiness” usually indicates water pollution. 
Badly polluted water may be so turbid that you cannot see through 
it more than a few inches. Projects 3-l and 3-2 provide two methods 
of judging the degree of water pollution by measuring its turbidity. 

1. Place tin can top on the piece of 
wood. With the hammer and nail, 
punch three holes through the can 
top as shown in Fig. 3.4. 

2. Paint one side of can top white. 
When this layer of paint has dried, 
paint a black X on the white paint 
as in Fig. 3-5. 

3. With scissors cut seven 6” pieces 
of line and tie the line and sinker to 
the can top as in Fig. 3-5. With the 
magic marker, accurately mark one 
foot from tin can top to line, and 
an additional mark at each foot of 
the line’s length. 

4. From a boat, dock or pier, lower 
the tin can disc into the water until 
you can no longer see the X on it. 
Of course, if the disc touches 
bottom before the X becomes 
invisible, try again in deeper water. 

5. Measure and record the depth to 
which the disc must be lowered 
before the X disappears. The red 
markings on the line will indicate 
the depth reached. 

Note: If the disc must be lowered 
to a greater depth before it 
becomes invisible, the turbidity is 
less. 

Three holes 
punched 
through tin 
can top. 

Fis 84. Preparing the Tin Can Top. 

Six 6” pieces Y of line looped 
through holes. 

painted 
over 
white 
paint. 

Sinker 

Fig. 35. Assembled Device 
to Measure Water Turbidity. 
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Explanation: Turbidity can be expressed as 100 divided by the number 
of feet to which the disc must be lowered before it cannot be seen. The 
resulting number may be called the turbidity index. If the disc 
disappears at a depth of 2 feet in the water, the turbidity index is 100 
divided by 2, or 50. If the disc disappears at a depth of 25 feet, the 
turbidity index is 4. Since there is a fairly direct relationship between 
turbidity and pollution, we may say that water with a higher turbidity 
index (such as 50) is more polluted than water with a lower turbidity 
index (such as 4). 

Project 3-2. How to Measure WaterTurbidity With a Photometer. 

You uui~ need: the photometer, from. ,@olject ‘2-Z;. X-00 $@t ‘&f.,titz. w&e,, 
50 feet of nylon fishing. line,.. k ;$+%?&3r@of m&f;. mark&,- a teape 
measure, a fishing.ft&ttj a- sftikqr, 3 pqn.%gd. ?&it& $pei: ’ ‘, 

1. Tie the sinker, the float and the 
photoconductive cell to each other 
with the fishing line as in Fig. 3-6. 
The photoconductive cell itself is to 
be disconnected from the insulated 
wire and then reconnected to the 
rest of the photometer with two 
50-foot pieces of Litz wire. Attach 
the 50-foot fishing line to the 
sinker and float as shown. The 
sinker must be heavy enough to 
pull the float and the attached 
photoconductive cell down under 
the water. The float is needed to 
keep the photoconductive cell 
pointed vertically upward at all 
times. 

2. Tie the Litz wire to the fishing 
line every few feet, then, with the 
magic marker, mark the fishing line 
at each foot length. 

3. Calibrate the photometer by 
lowering the photoconductive cell 
four feet into the water of a lake or 
stream (from a boat, dock or. pier) 
and set the ammeter reading ht 0.5 
milliampere by turning i the 
potentiometer knob. The turbidity 
of the water at this location acts as 
a standard against which you 

FQotometer Terminals 

Mark line at each 
one-foot length. 

Litz wire and fishing 
Float 

I 
line tied together 
every few feet. 

Litz wire connected io 
photocell on float. 

compare the turbidity of water in 
other locations. Therefore, do not 
turn the potentiometer knob as you 
continue this project. 



4. At other places in streams and meter reads 0.5 milliampere. 
fakes, lower the photoconductive Record the depth in each case. 
cell as deep as necessary until the 

Explanation: The turbidity of the water can be expressed as a turbidity 
index by dividing 100 by the depth in feet at which you get the 0.5 

milliampere reading. Turbidity index = ~epdyz feet. If a 0.5 milliampere 
reading is obtained at a 4 feet depth, the turbidity index is 100/4 or 25. 
This is the turbidity of the water used as a standard in Step 3. If the 
ammeter reads 0.5 inilliampere at 2 feet, the turbidity index is 100/2 
or 50. Note that these turbidity indexes are not necessarily the same as 
the ones you would obtain by the method used in Project 3-l. 
However, just as in Project 3-1, a higher turbidity index indicates 
greater water pollution. 

1Jse these methods in different locations in various bodies of 
water and on different days. In that way, you may be able to 
determine the extent of water pollution in your community and 
endeavor to discover some of the causes of the pollution. 

Why the Water Isn’t Clear 
If water is turbid, it cannot be pure because turbidity is caused 

mostly by pollutants in the form of solid particles in the water. 
Project 3-3 shows how to find the concentration of solid particles in 
the water. When you have completed this project, you will readily 
understand how solid particles affect the turbidity of water. 

The measuring method described in Project 3-3 can be used to 
measure the concentration of solid particles in the water of nearby 
streams, ponds, lakes, rivers, bays, etc. Most solid particles (such as 
chemical wastes from factories, human wastes from sewage systems 
and solid particles washed into the water from farmers’ fields) 
generally are pollutants. Some turbidity is caused, not by pollutants, 
but by one-celled algae and other minute living organisms in the 
water. 

Since turbidity prevents light from penetrating deep into water, 
plants cannot grow far below the surface of turbid water. Thus, the 
depths of turbid lakes and rivers have little of the oxygen and food 
that plants would supply. This limits the amount of food fish that 
can live in turbid water. Because of its pollutants, turbid water may 
harm people who swim in it, or drink it or eat fish from this water. 
Since turbidity greatly decreases the value to people of bodies of 
water, the sources of the pollutants that cause turbidity should be 
discovered and action should be taken to reduce the quantity of 
pollutants. 
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I. Fill your collecting jars with 
several gallons of water from one 
pond or lake. 

2. Using the sensitive balance, 
measure the mass of a piece of filter 
paper. Then place the filter paper in 
the oven and keep it there for 
about 10 minutes at a temperature 
of about 2OO’F. Measure the mass 
of the filter paper again. If the mass 
has not changed, it shows that the 
filter paper did not contain excess 
moisture and you may proceed 
with Step 3. If the mass changed, 
repeat Step 2 with the same piece 
of filter paper until the mass is 
constant. 

3. Prepare a filter by folding the 
piece of filter paper into a cone as 
in Fig. 3-7, and placing it in the 
funnel. Insert tube of funnel into 
the 400-ml beaker. 

4. Using the 250-ml graduated 
cylinder, measure 200 ml of the 
water you have collected and filter 
it, permitting the filtrate to flow 
into the beaker. Record the number 
of ml of water filtered. Discard the 
filtrate (water) in the beaker. 
Continue this procedure until you 
have filtered one liter (1000 ml) of 
water. If you can easily see a layer 
of sediment on the filter paper, 
proceed with Step 5. If there is very 
little sediment on the filter paper, 
filter several more liters of water 
until more sediment is visible on 
the filter paper. Record the number 
of liters of water filtered to obtain 
easily visible sediment. 

2. Open filter 
paper to form 
cone, with one 
quarter segment 
separated from 
the others as 
in D. Insert 
cone into glass 
funnel (E). 

1. Fold filter 
paper into 
quarters as 
in A, B and C. 

Fig. 3-7. How to Make a Filter. 

5. Put the filter paper cone with the 
sediment in the oven at a 
temperature of about 2OO’F. At 
this temperature, the paper will 
become dry, but will not char or 
burn. After one hour, remove the 
filter paper cone from the oven. 
Measure and record the mass of the 
paper and sediment. Be careful not 
to let any of the sediment fall out 
of the paper cone. 
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6. Put the paper cone and sediment you measured in Step 6). The result 
back in the oven for 10 more is the mass of the sediment. 
minutes. Remove and measure its 

once again. If the mass 
8. Divide the mass of the sediment 

mass 
by the number of liters of water 

remains the same as in Step 5, filtered. This gives the number of 
proceed to Step 7. If the mass is 
not the same, repeat Step 6 until 

grams of solid particles per liter of 

the mass remains constant, showing 
water. For example, if you used 2 
liters of water to obtain 0.6 gram of 

that all the moisture has been dried sediment, there would be an 
out of the paper cone and average of 0.3 gram of sediment per 
sediment. liter of water. This gives us a known 
7. Subtract the mass of the filter density concentration of solid 
paper (which you measured in Step particles in this water. This 
2) from the combined mass #of the concentration is expressed as “0.3 
filter cone and sediment (which gram per liter.” 

Don’t Overfeed the Algae ! 

Algae, the simplest green plants, have no true leaves, stems, roots 
or flowers. Algae may be single cells or goups of cells in the form of 
spheres, threads, sheets or more complicated shapes. When thick 
masses of algae cover the surface of a lake, the lake is said to be 
dying (see Fig. 3-8). The water in such a lake may appear to be dark 
green because of the large numbers of algae floating in it. You might 
thirr? that a plentiful growth of algae would prove helpful by 
providing food and oxygen for the fish and other animals that live in 
the lake. However, that is not the case. The algae which cover the 
lake’s surface absorb the sunlight and prevent it from penetrating 
deep into the lake. As a result, few plants can ‘grow below the top 
few feet of water. The oxygen produced by the algae tends to remain 
at the surface, leaving the lower parts of the lake poor in oxygen. In 
addition, as algae at the lake’s surface die, they sink toward the 
bottom. There, they decay as bacteria use them as food. The decay 
bacteria that feed on the dead algae remove oxygen from the water 
for their own use in respiration. This further reduces the oxygen 
concentration in the ‘rake bottom so that fish cannot live there. A 
few species of insect larvae and clams are the usual animals that exist 
in such a polluted location (see Fig. 3-8). 

Fish are ,greatly affected by variations in the concentration of 
dissolved oxygen in the water and by water temperature. Lake trout 
and coho salmon, two excellent food fish, require cold water with a 
high concentration of oxygen. They live and reproduce far below the 
surface of the lake where the water is cold. However, if there is a 

74 



Mosquito Blue-green - 
larvae. algae. 

I ---c?%,,,\~~ I 
c 

-- 

Sludge and bacteria.-- Y , 

Clams + 

Blackfly lah ae. 

Fig. 38. Plant and Animal 
Distribution in Dying Lake. 

1 I : ! ! / 
! ! I ! . - 

Water beetle. 

Water strider. \ Algae _ 

Healthy 
aquatic 
plants. 

I 
Lake trout. 

Fig. 39. Plant and Animal 
Distribution in Clear Lake. 

heavy growth of algae at the surface of the lake, the cold, deep water 
cannot contain enough oxygen. Therefore, if lake trout and salmon 
are to live there, a lake must have very few algae. Other species of 
fish, such as bass, perch and sunfish, do not need such cold water 
(see Fig. 3-9). Yet, even they cannot live in a lake that is choked by 
algae, because its water does not contain enough oxygen to sustain 
them. 

During the last few years, the amount of algae in lakes has 
increased greatly. The two main reasons for this change are (1) the 
use of detergents for washing clothes and dishes, and (2) the 
increased use of chemical fertilizers on farms. Huge quantities of 
detergent, dissolved in waste water, flow through sewers and into 
lakes. Detergents which contain phosphate act as a nutrient for the 
algae and speed-up their growth. Fertilizers are as efficient at making 
algae grow as they are at improving the growth of farm plants. Never 
before have the algae in lakes been as well supplied with nutrients as 
they are now. But, as a result, other forms of life in the lakes such as 
food fish are suffering. This, in turn, reduces the food supply for 
human beings. The lakes are dying, because algae are being overfed. 

Before we look into the problems created by overfed algae, we 
must first find out how detergents affect the growth of algae. 
Projects 3-4, 3-4A and 3-4B show how this can be done. 
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I. Use the graduated cylinder to 
measure 200 ml of distilled water 
into the 400-ml beaker. 

2. Using weighing paper, measure a 
0.2-gram mass of potassium nitrate 
on the sensitive balance. Then, pour 
the potassium nitrate into the water 
in the beaker and stir with the 
stirring rod until the potassium 
nitrate is completely dissolved. 
Pour the solution into a bottle. 
Label the solution “0.1% potassium 

0.1% 
potassium L nitrate 
solution. 

0.1% 
magnesium 

sulfate LA solution. 

nitrate solution.” Set it aside for 
later use in Project 3-4A. Now, 
thoroughly clean tne 250-ml 
graduate, the 400-ml beaker and 
the stirring rod in preparation for 
Step 3. 
3. Repeat the procedures in Steps 1 
and 2 to make 0.1% solutions of 
magnesium sulfate, dipotassium 
hydrogen phosphate, and calcium 
sulfate. You should have a total of 
four separate bottled and labeled 
solutions. See Fig. 3-10. 

Fig. 310. How to Prepare Nutrient Solutions to Grow Algae. 
-- 

Project MA. How Does Absence of a Nutrient Affect the Growth of 

Algae in Water? 

You will need: the 4 battfes of sofutions prepared in Project 3-4, 
distilled water, w&et- from a nearby pond or f-ram an aquarium, a 5O-mf 
graduated cylinder, 3 wide-mouth jars., the photometer used in Praject 
3-2, a famp with fight bufb, a microscope (at .least 500x magnification), 
3 mf.croscape. sfides.-.wfth cover sfipr,. fens cteaning paper, 3 medicine 
droppers, a l-ml pipette, 3 stirring rods, labets and a pen. 
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1. Into a clean, wide-mouth jar 
pour 20 ml each of potassium 
n i tra te, calcium sulfate, 
dipotassium hydrogen phosphate 
and magnesium sulfate solutions. 
Add 20 ml distilled water. Stir well, 
label it Jar No. 1 and note contents 
on label (see Fig. 3-11). 

Note: This is a complete nutrient 
solution for many kinds of algae. It 
can act as the control solution. You 
can compare the growth of algae in 
other solutions with their growth in 
this solution. 

2. Make a solution to test the effect 
of a lack of phosphate on the 
growth of algae, as foliows: using 
the graduated cylinder, measure 
and pour into a clean, wide-mouth 
jar 20 ml each of calcium sulfate, 
potassium nitrate and magnesium 
sulfate solutions. Rinse the 
graduate cylinder after each use 
here, and in Step 3. Add 20 ml 
distilled water. Do not add 
dipotassium hydrogen phosphate 
solution. Stir well with clean 
stirring rod, label it Jar No. 2, and 
note contents on la&l. 

3. Make a solution to test the effect 
of a lack of nitrate on the growth 
of algae, as follows: Into another 
clean, wide-mouth jar pour 20 ml 
each of dipotassium hydrogen 
phosphate, calcium sulfate and 
magnesium sulfate solutions. Add 
20 ml distilled water. Do not add 
potassium nitrate solution. Stir well 
with clean stirring rod, label it Jar 
No. 3, and note contents on label. 

4. With pipette, add one ml of 
water from pond or aquarium to 
each of Jars No. 1, No. 2 and No. 3. 
Place jars near a window that faces 
north. Leave the jars there for two 
weeks or longer. See Fig. 3-12. 

Solution containing 
20 ml each of calcium 
sulfate, potassium 
nitrate, dipotassiur 
hydrogen phosphate 
and magnesium sulfate. 

Fig. 331. A Complete Nutrient 
Solution to Grow Algae. 

Window sill. 

Complete 
solution. 

Has no 
phosphate. 

Has no 
nitrate. 

Fig. 3-12. Comparing Algae Growth 

in Different Nutrient Solutions. 

5. Compare the growth of algae in 
the three jars each day by simply 
looking at them, and then by 
measuring the turbidity of the 
water in the jars with the same 

photometer used in Project 3-2. 
Place a lamp on one side of Jar No. 
1 and the photoconductive ccl: on 
the opposite side, facing the light 

bulb. Set the ammeter to read 0.5 
milliampere by turning the 

potentiometer knob. Once you 
have calibrated the photometer in 
this way, be sure not to turn the 
potentiometer knob as YOU 
continue the project. Record the 
turbidity index for Jar No. 1 as 0.5. 
Test the turbidity of the water in 
Jars No. 2 and No. 3 with the same 
procedure. The jar with the greatest 
turbidity (and therefore the least 
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Fig. S13. Preparing for Algae Count. 

transmitted light and the lowest 
ammeter reading) has the heaviest 
growth of algae. Do the photometer 
tests agree with your own visual 
observations? 

6. For more accurate counts of the 
algae, stir the water in each jar 
using a separate, clean stirring rod 
for each jar. Then draw up one 
drop of water from each jar, using a 
separate, clean medicine dropper 
for each jar, and place each drop on 
a separate, clean slide and cover 
each slide with a clean cover slip. 

Fig. 514. Algae Growth 
Examined Under Microscope. 

See Fig. 3-13. Use the lens paper to 
clean the slides and cover slips. 

7. Place each slide, in turn, under 
the microscope and focus so that 
you can see the algae clearly (see 
Fig. 3-14). Count and record the 
number of algae in one field of each 
slide as you look at it through the 
microscope. This procedure enab?as 
you to compare the growth rate of 
the algae in different solutions 
under the same controlled 
conditions. Thus, YOU can 
determine the effects of nitrate and 
phosphate on the growth of algae. 

Project 3-46. How Is the Growth of Algae Affected by Varying 

Percentages of Nutrients In the Solutions? 

1. Into a clean, wide-mouth jar 
pour 20 ml each of calcium sulfate, 
potassium nitrate and magnesium 
sulfate solutions. Add 5 ml 
dipotassium hydrogen phosphate 
solution and 35 ml distilled water. 
Stir well, label it Jar No. 4 and note 
contents on label. 

2. tnto a clean, wide-mouth jar 
pour 20 ml each of calcium sulfate, 
potassium nitrate and magnesium 

sulfate solutions. Add 1 ml 
dipotassium hydrogen phosphate 
solution and 39 ml distilled water. 
Stir well, label it Jar No. 5 and note 
contents on label. 

3. Into a clean, wide-mouth jar 
pour 20 ml each of calcium sulfate, 
potassium nitrate and magnesium 
sulfate solutions. Add 40 ml 
dipotassium hydrogen phosphate 
solution. Stir well, label it Jar No. 6 
and note contents on label. 



4. With pipette add 1 ml of water the turbidity of the water in these 3 
from pond or aquarium to each of jars by following the same 
Jars No. 4, No. 5 and No. 6. Place procedure as in Step 5, Project 

jars near a window that faces north. 3-4A. 
Leave the jars there for two weeks 6. For more accurate counts of the 
or longer. algae, follow the same procedure as 

5. Compare the growth of algae and in Steps 6-7, Project 3-4A. 

Explanation: With this procedure, you can determine how the growth 
rate of algae is affected by a decrease or increase of the phosphate 
percentage (in dipotassium hydrogen phosphate) in the solution. You 
could also vary the percentage of potassium nitrate in the solution 
while keeping the percentages of the other chemicals constant, thus 
determining the effects of changes in the percentage of nitrate, 
Experiments to determine the effects of calcium, potassium and 
magnesium can be designed in a similar manner. 

Most detergents contain large percentages of phosphates. The 
fertilizers that farmers use on their fields contain nitrates in addition 
to phosphates. How would algae respond if large amounts of 
detergents and fertilizers are allowed to mix with the water in which 
they are growing? What can be done to limit the growth of the algae? 

Foaming Rivers 
Something new has been added to the landscape. Detergents used 

in washing dishes and clothes flow with waste water into sewers 
which often lead into streams. There, the motion of the stream whips 
the detergent into clouds of foam. From the streams, the thick 
masses of foam flow into many of our rivers, and the term “foaming 
rivers” has been added to our vocabulary. 

A few years ago, the only kinds of detergents anyone could buy 
were “persistent.” That is, they did not break down into simpler 
compounds, but could remain in the water as foam-producing 
detergents for months. In areas where there arc no sewers, waste 
water drains into cesspools and tken into the ground. As this water 
seeps through the soil, it carries the dissolved detergent with it. 
Therefore, water pumped from wells in such localities contained 

enough detergent to produce a foam, In such cases, a glass of water 

from a faucet would have a layer of foam on it. This foamy water is 
not very appetizing, and could be quite harmful to a person’s health. 

Recently, “biodegradable” detergents have been developed and are 
being sold in place of the persistent detergents. These biodegradable 
detergents are broken down in the water when they are used as food 
by certain harmless bacteria in the water. As a result, such detergents 
do not last long after they get into the waste water and the problem 

79 
* 



of foaming water is somewhat lessened. But a great deal of 
improvement is still needed. The biodegradable detergents cannot 
completely solve the foam problem because it takes time for bacteria 
to break down all the detergent. Where large amounts of detergent 
are continuously entering the water supply, there still remains 
enough unchanged detergent to produce some foam on the water 
that flows from faucets. 

To sohe the detergent problem, we must first find a method for 
measuring the amount of detergent present in the water in your 
community, so that you can determine just how bad the situation is 
and keep track of the progress made toward solving the detergent 
problem. Perhaps we must replace our present detergents with other 
materials. Or, we can develop more effective ways to destroy 
detergents in waste water. Whatever the answer is, the first step 
toward a solution of the problem is to measure the amount of 
detergent in the local water supply. Projects 3-5 and 3-5A show how 
to do this. Project 3-5 sets up a standard - the smallest 
concentration of detergent in water that will produce foam. In 
Project 3-5A, the concentration of detergent in the water supply is 
measured by comparing it to the standard established in Project 3-5. . 

Project 3-5. Foam from Detergents. 

You will need: distiik&w&r,~a. conta&r of Ii&id &$etgent, a %$-ml 
graduated cylin@er,- a : 5qlI ‘&pWe,’ ; 10. test tub&. with. clean, solid 
rubber dotiers, 2 test tube racks,‘tabets,-a pen atid.&&? Paper. 

1. Measure 18 ml of distilled water from test tube No. 1. Stopper the 
in the graduated cylinder and pour test tube and shake it. Doesa layer 
it into a clean test tube (see Fig. of foam still form on the water in 

3-15, A), Add 2 ml of liquid the test tube? Label this test tube ’ 
detergent with the pipette (see Fig. No. 2 and set it in the test tube 
3-15, 6). Stopper the test tube and rack. Record number and contents 
shake it (see Fig. 3-15, C). What do on note paper. 
you see? L_abei this test tube No. 1 3. Pour 18 ml of distiiied water into 
and set it in the test tube rack. test tube No. 3. Add 2 ml of 
Record test tube number and solution from test tube No. 2. 
contents on note paper. Now, rinse Continue repeating this procedure 
the pipette thoroughly, first with 
tap water, then with distilled water. 

with the other test tubes, adding 2 

The pipette must be cleaned and 
ml of solution from test tube No. 3 
into No. 4, 2 ml from No. 4 into 

emptied completely after each use. No. 5, etc., until you no longer see 
foam on the surface of the water in 

2. As in Step 1, pour 18 ml of 
distilled water into a second clean 

a test tube. Record the number of 
the last test tube in which foam 

test tube. Add 2 ml of the solution forms. 
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’ Pour 18 ml of 
distilled water 
into test tube. 

Stopper and 
test tube. 

sh 

Fig. %I5 Mow to Prepare Serial Dilutions of a Detergent. 

Explanation: This procedure has produced a set of serial dilutions of 
detergent. In test tube No. 1 (2 ml detergent plus 18 ml distilled water) 
the concentration, calculated as volume of detergent divided by volume 

of solution, is expressed as: 

Concentration in test tube No. 1 = 2 ml detergent 
20 ml solution 

Concentration in test tube No. 1 = l/l0 

Concentrations of pollutants (such as detergents) are often expressed 
as parts per million (p.p.m.). To change a fraction to parts per million, 
multiply the fraction by l,OOO,OOO: 

Concentration in test tube No. 1 = (l/10)( l,OOO,OOO) 

Concentration in test tube No. 1 = 100,000 p.p.m. 

In test tube No. 2, two ml of solution from test tube No. 1 was 
added to 18 ml of distilled water. There is only 0.2 ml of detergent in 2 
ml of test tube No. 1 solution. Therefore, the concentration of test 
tube No. 2 solution is calculated as: 

Concentration in test tube No. 2 = 0.2 ml detergent 

20 ml solution 

Concentration in test tube No. 2 = l/l00 
Concentration in test tube No. 2 - (1 /lOO)( 1 ,OOO,OOO) 

Concentration in test tube No. 2 = 10,000 p.p.m. 

Each time you repeat the procedures in Step 2, you divide the 
concentration of the solution in each test tube by 10 (see Table 3-l). 

If, for example, the last test tube in which foam is produced was test 
tube No. 4, the concentration of detergent in this test tube is 100 
p.p.m. (see Table 3-l). In this example, the first concentration that did 
not produce foam is 10 p.p.m., in test tube No. 5. Therefore, the 
smallest concentration of detergent and water that will produce foam is 
somewhere between 10 p.p.m. (test tube No. 5) and 100 p.p.m. (test 
tube No. 4). By using the solution in test tube No. 4 to make another 
set of serial dilutions as shown in Project 3-5A), you can determine 

81 



more accurately the srnall~st foam-producing concentration. Of course, 
when you carry out Project 3-5, your results may not agree with the 
example we have given here. Perhaps tube No. 6 will be the last one 
that produces foam instead of tube No. 4. In that case, you will have to 
perform Project 3-5A with the solution from tube No. 6. 

Project 3-5A. How to Refine the Measurement of Detergent 

Concentrations. 

Y’ou wiff neecf: 8 test tubes with clean,. soWrubber stoppers, a test tube 
rack, distilled water, a 5-mt graduated pipette, tab& and a pen, 

1. Measure 1 ml of distilled water 
with the 5-ml pipette and put it 
into a clean test tube. Then, use the 
5-ml pipette twice to add 9 ml of 

detergent solution. Label this test 
tube No. 12. 

3. Continue repeating Step 1, using 
the 

the last solution that produced 
follo.ffing proportions of 

distilled water and 
foam in Project 3-5. Stopper the 

detergent 

test tube and shake it. Label this 
solution: test tube No. 13, 3 ml 

test tube No. 11 and place it in the 
distilled water and 7 ml soiution; 

test tube rack. Now, rinse the 
test tube No. 14, 4 ml distilled 

pipette thoroughly, first with tap 
water and 6 ml solution; test tube 
No. 15, 5 ml distilled water and 5 

water, then with distilled water. 
The pipette must be cleaned and 

ml solution; test tube No. 16, 6 ml 

emptied completely after each use. 
distilled water and 4 ml solution; 
test tube No. 17, 7 ml distilled 
water and 3 ml solution; test tube 

2. Repeat Step 1, using 2 ml of No. 18, 8 ml distilled water and 2 
distilled water and 8 ml of ml solution. 

Explanation: Test tube No. 11 contains 1 ml of distilled water and 9 ml 
of the Itst solution that produced foam. If, for example, that solution is 
in test tube No. 4 from Project 3-5, then its concentration would be 
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1110. 
100 parts per million, or l,oOO,eOo.The volume of detergent in Y ml ot 
solution can be calculated by multiplying thevolume of solution by its 
concentration: 

Volume of detergent = 9 ml 100 
-%T6mw 

Volume of detergent = 900 ml 
1,000,000 

Volume of detergent = 0.0009 ml 

The concentration of the detergent solution in test tube No. 11 is: 

Concentration of detergent solution = 0.0009 ml detergent 

10 ml solution 

Concentration of detergent solution = 90 
1 ,ooo,ooo 

Concentration of detergent solution = 90 p.p.m. 

In same way, you can calculate the concentration of detergent 
solution in test tube No. 12. Assume that the detergent solution in test 
tube No. 12 is also in test tube No. 4 (Project 3-5). Then, the 8 ml of 
solution from test tube No. 4 contains 0.008 ml of detergent, so that 
the concentration of the solution in test tube No. 12 is 80 p.p.m. (see 
Table 3-11). The concentrations in the other test tubes can be calculated 
in this same way (see Table 3-11). 

Decide which is the last test tube in this series of dilutions (test tubes 
No. l-No. 18) that has foam. That test tube contains the solution with 
the minimum concentration of detergent that will produce foam. It is 
the standard against which you can compare a sample of water that has 
an unknown concentration of detergent in it. 

Now that you know the minimum concentration of detergent 
solution that will produce foam, you can use this information to find 
out if tap water from your sink contains detergent, and how much it 
contains. Project 3-56 tells how to measure the concentration of 
detergent in a sample of tap water, also water from streams and lakes. 
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Project 3-58. How to Measure Concentration of Detergent in Water 

Samples. 

1. Using the graduated cylinder, 
measure 18 ml of distilled water 
and pour it into a clean test tube. 
Then with pipette, add 2 ml of the 
sample of foaming water. Stopper 
the test tube and shake it. Label 
this test tube No. 1 and set it in the 
test tube rack. If there is foam in 
this test tube, perform Step 2. If 
there is no foam, go to Step 3, 
using the sample of foaming water 
in Step 3. Remember to clean the 
pipette with each use. 

2. As in Step 1, pour 18 ml of 
distilled water into test tube No. 2. 
Add 2 ml of solution from test tube 
No. 1. Stopper the test tube a,ld 
shake it. Label this test tube No. 2 
and place it in the test tube rack. 
Continue this procedure until you 
no longer see foam on the surface 
of water in a test tube. You may 
need only 1 or 2 test tubes to 
perform this step. However, 10 test 
tubes are available for use if you 
should need that many. That is why 
the test tube resulting from Step 3 
is labeled No. 11. 

3. Using the pipette, measure 1 ml 

of distilled water and put it into a 
clean test tube. Use the pipette 
twice to add 9 ml of the /ast 

solution that produced foam. If 
there is no foam in test tube No. 1 
(from Step l), perform this Step 3 
with 1 ml of distilled water and 9 
ml of the sample of foaming water. 
Stopper the test tube and shake it. 
Label this test tube No. 11 and 
place it in the test tube rack. 

4. Repeat Step 3, using 2 ml of 
distilled water and 8 ml of the same 
solution used in Step 3. Label this 
test tube No. 12. 

5. Continue repeating Step 3, using 
the following proportions of 
distilled water and the same 
solution used in Step 3: Test tube 
No. 13, 3 ml distilled water and 7 
ml solution; test tube No. 14, 4 ml 
distilled water and 6 ml solution; 
test tube No. 15, 5 ml distilled 
water and 5 ml solution; test tube 
No. 16, 6 ml distilled water and 4 
ml solution; test tube No. 17, 7 ml 
distilled water and 3 ml solution; 
test tube No. 18, 8 ml distilled 
water and 2 ml solution. 

Explanation: When you add 2 ml of solution to 18 ml of distilled 
water. YOU dilute the solution to l/10 of its oriqinal concentration 
Thus, the solution in test tube No. 1 has l/10 the concentration OT the 
sample; the solution in test tube No. 2 has l/l00 the concentration in 
the sample, and so on (see Table 3-l I I). 

Let us assume that the last solution that produced foam was in test 
tube No. 2. Its concentration is l/100 that of the sample of foaming 
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Table 3-111. Results of Serial 
--y 

Table 34V. Results of a Second Set 
; Dilutions of a Sample. 1 of Serial Dilutions of a Sample. 

TEST CONCENTRATION COM- f TEST CONCENTRATION COM- 
TUBE PARED TO SAMPLE TUBE PARED TO SAMPLE 

No.11 Y/1000 

i: f/g $ij 

I 
No. 18 2/l 000 

water. If 9 ml of the solution from test tube No. 2 is added to 1 ml of 
distilled water in test tube No. 11, the concentration of the new 
solution is 9/10 of the concentration in test tube No. 2. The new 
concentration can be calculated as: 

(g)(1) = 9 of the concentration of the original sample. 
(lO)(lOO) 1ooo 

In a similar way, if 8 ml of solution from test tube No. 2 is added to 
2 ml of distilled water in test tube No. 12, the concentration of the new 
solution is 8/10 of the concentration in test tube No. 2 or: 

WW = 8 of the concentration of the original sample. 

w)uw m 

By using this procedure you can quite accurately calculate the 
concentration of the last solution to produce foam as compared to the 
concentration of the sample (see Table 3-IV). 

Let us assume that the last solution to produce foam has 4/100 the 
concentration of the sample of foaming water. Now, let us also assume 
that in Project 3-5, you found that the minimum concentration of 
detergent that produced foam *Nas 60 parts per million. Then, 60 parts 
per million of detergent in water is the standard against which we 
measure the concentration of detergent in foaming water. Thus, the 
4/100 of the concentration of your sample of foaming water is 60 parts 
per million of detergent. You can calculate the concentration of the 
sample as follows: 

4/100 (concentration of sample) = 60 p.p.m. 

(concentration of sample) = (100)(60) p.p.m. 

(4) 
(concentration of sample) = 1500 p.p.m. 

Having completed this project, you have learned how to determine 
the detergent concentration in your local water supply. This is the first 
step toward solving the problem of detergent pollution. 

85 



Fig. 316. Thermal Pollution Fig. 317. Dead Fish 

from Atomic Energy Plant. from Polluted Water. 
(photo courtesy EPA.) 

Thermal Pollution 
Some industrial buildings do not release any waste materials into 

the water but they still pollute the water badly. An atomic energy 
plant, for instance, may not pour any pollutant materials into the 
water. Nevertheless, it does pollute the water by raising its 
temperature. This is an example of “thermal” or heat pollution. 
Atomic energy plants draw huge amounts of water from rivers. The 
water is used to cool and condense steam that passes through the 
turbines that convert atomic energy to electricity. As the water cools 
the steam, the water gets hot. When it is poured back into the river, 
the water may be just as pure as before, but it is much hotter. 
Because an atomic energy plant may use billions of gallons of water 
each day for cooling purposes, the temperature of a river may be 
raised considerably for miles from the plant. When that happens, 
certain fish can no longer live in that part of the river. See Fig. 3-l 6 
and photo Fig. 3-l 7. In fact, there is a complete change in the kinds 
of plants and animals that live there, when the temperature of the 
water changes. Thermal pollution can be as harmful as any other 
kind of water pollution. 

What can be done about thermal pollution? How can thermal 
pollution be reduced to tolerable levels or eliminated? We must first 
learn such facts about thermal pollution as: (1) where it exists in our 
community, (2) where it originates, (3) to what extent it destroys 
water animals and plants and (4), h ow this destruction affects our 
health and well-being. When this valuable data has been presented to 
the local authorities, they will be ready to take the next important 
steps to fight thermal pollution. 

The first thing we can do to help, is to learn where thermal 
pollution exists in nearby water. Project 3-6 provides one method for 
tracking down thermal pollution. 
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1. Attach the thermistor to the 
two terminals of the electrical 
thermometer with two 15foot 
lengths of Litz wire. 

2. Now, calibrate the electrical 
thermometer in degrees according 
to the directions in Project 2-5, 
Steps 2-4. 

3. Allow 5 feet of fishing line (with 
the sinker and the float at the 
5-foot end) to hang securely from 
the tip of the fishing pole. Tie the 
thermistor to top of float. Then, tie 
a part of the Litz wire to the fishing 
line and to the pole at several places 
(see Fig. 3-18). With the magic 
marker, make a mark on the fishing 
line one foot above the level of the 
termistor. 

4. Hold the fishing pole so that the 
thermistor hangs one foot below 
the surface of the water. The 
weight of the heavy sinker will pull 
the thermistor and float down 
below the surface of the water. 
Read and record the measurement 
on the ammeter, converting this 
reading to temperature in degrees. 

5. Measure the water temperature 
at different points along a nearby 
river or lake with the electrical 
thermometer. If local factories 
discharge waste water into the river 
or lake, measure the water 
temperature near these factories. 

6. Record the water temperatures 
on the map at the places where the 

Thermistor connected to 
photometer terrninals and 
attached to fishing rod 

Photometer and tine- 

Lit7 wire and fishing 
line tied together 
every few feet. 

Thermistoi 

Sinker carries thermistor 
below surface of water. 

Sinker - 

7 
I 
Float 

Fig. 318. Testing for Thermal Pollution. 

measurements are made. Are the 

temperatures different near the 

fat tories as compared to other 

locations along the water? Can you 

distinguish between the normal 

water temperature of the water and 

that of the thermally polluted 

water? Your readings will supply 
this answer. 

Note: If your measurements show higher temperatures downstream 
from a factory than upstream, the downstream water is thermally 
polluted. This probably has caused serious changes in the aquatic life 
downstream from the factory. 
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Salts in the Water 
Ocean water that is considered to be pure and not polluted, 

generally contains about 3.5% of salts. The types of organisms that 
usually live in the ocean require this 3.5% concentration of salts to 
survive. When ocean water is diluted by fresh water flowing into it 
from rivers, it becomes brackish (semi-salt) water and typical ocean 
fish cannot exist, but are replaced by fish that can live in brackish 
water. On the other hand, fresh water may be considered not pure, 
but polluted if it has a far smaller percentage of salts than ocean 
water. As noted earlier, phosphates and nitrates from industrial 
plants and from most detergents especially may pollute lakes and 
ruin them by encouraging the growth of algae. Such lakes may be 
considered badly polluted even though their total concentration of 
salts is low compared to that in sea water. This pollution exists 
because the salts make conditions in the lake so bad that only the 
hardiest forms of life can survive. 

A high concentration of salts spoils water for certain uses. People 
prefer to drink water that tastes pure because it has only a very small 
percentage of salt. When larger quantities are present, the water is 
brackish or hard. Some kinds of salts, such as borates, can even make 
the water poisonous. Aside from the fact that some salts are 
poisonous even in fairly small concentrations, salts in water may be 
objectionable in other ways. Even a low concentration of salt in 
drinking water gives it a bad taste. People with heart trouble cannot 
tolerate sodium chloride. Salts precipitate out of water when it is 
boiled and clog the tubes of steam engines, steam turbines and other 
such devices. Water containing too high a salt concentration cannot 
be used for irrigating fields, because the plants would be damaged or 
killed by the salts. In addition, the salts tend to accumulate in the 
soil, so that even if the plants do not suffer at first, they are injured 
after a few years of irrigation. Salty water entering streams and lakes 
kills the fresh water fish living there. 

Salt gets into water in a number of ways, Sometimes wells are 
unknowingly drilled through under‘ground layers of salts that were 
precipitated when inland seas evaporated. Wells drilled in locations 
near the sea may also provide salt water instead of fresh water, if 
water is pumped out of them too rapidly. The inorganic ftrtilim-s 
that are spread on fields are salts. They filter through the g-round and 
may eventually get into wells or bodies of formerly fresh water. 

By measuring the salinity of fresh water in different locations, you 
can determine whether the water is being contaminated with salts. 
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You may even be able to pinpoint the source of the pollution, and 
thereby be instrumental in helping to correct the trouble. However, 
the presence of salt does not necessarily mean that fresh water is 
polluted. Only the most carefully distilled water has no salts at all. 
Rivers, lakes and ponds all have certain amounts of salts. It is only 
when fresh water contains the wrong kinds of salt or too high a salt 
concentration that bodies of fresh water are considered to be 
polluted by the salts. Project 3-7 tells how you can determine the 
salinity or percentage of salt in water. 

rods across the top of an empty 
400-ml beaker (see Fig. 3-19). Bend 
the two wires over the glass rod so 
that the wires hang vertically with 
their free ends about 114” above the 
bottom of the beaker. Keep the 
ends of the wire exactly 2” apart. 
Tape the two wires to the glass rod, 
keeping the wires in position as you 
do so. Now, connect the other end 
of each wire to a terminal of the 
ammeter. You have completed the 
construction of the salinity meter. 

CAUTION: DO NOT EVER 

ALLOW THE BARE ENDS OF 
THE WIRES TO TOUCH EACH 
OTHER. THE AMMETER MAY 
BURN OUT IF THEY TOUCH. 

2. Pour ordinary tap water into the 
300-ml beaker that is part of the 
salinity meter. Now, turn the 
potentiometer knob clockwise; the 
ammeter needle should swing to the 

I .- 

400-ml 
Bare ends of wire beaker. 

Fig. S19. How to Make and 
calibrate a Salinity Meter. 

right, showing an increase in the 
current. Then, turn the knob 
counterclockwise as far as it will go; 
the ammeter needle should swing to 
zero. Your potentiometer knob 
may already be marked “0” in this 
extreme counterclockwise position. 
If it is not, mark this position by 
scratching a vertical line at the top 
of the knob with X-acto knife, to 
indicate the “0” position. THE 
KNOB MUST BE SET AT THIS 
ZERO POSITION AT ALL TIMES 
BEFORE YOU BEGIN 
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CALIBRATING THE SALINITY 
METER TO TAKE READINGS. 
FAILURE TO DO SO MAY BURN 
GUT THE AMMETER. Discard the 
tap water in the beaker. 

3. Measure 350 ml of distilled water 
in the 500-ml graduated cylinder, 
and pour it into the 600-ml beaker. 
Using weighing paper, measure a 
mass of 20 gm of sodium chloride 
on the balance and pour it into the 
water in the 600-ml beaker. Stir 
with a stirring rod until the sodium 
chloride is completely dissolved. 
Pour a// the resulting sodium 
chloride solution back into the 
500-ml graduated cylinder. Then, 
add enough distilled water to 
increase the volume of the sodium 
chloride solution to 400 ml. Now, 
pour the solution from the 
graduated cylinder back into the 
600-ml beaker. Stir the solution 
thoroughly with :he stirring rod. 
This is a 5% sodium chloride 
solution (20 gm sodium chloride in 
400 ml of solution). 

4. Set the potentiometer knob of 
the salinity meter at “0” position. 
Measure 200 ml of the 5% sodium 
chloride solution into the 500-ml 
graduated cylinder, and pour it into 
the salinity meter’s 400-ml beaker. 
Now, you very slowly turn the 
potentiometer knob clockwise until 
the ammeter reads exactly 0.8 
milliampere. This is the first step in 
calibrating the salinity meter. 
Record the fact that 5% sodium 
chloride solution corresponds to 

a 0.8 milliampere reading when the 
potentiometer is kept in the 
position at which you set it. Do not 
change the setting of the knob 
during Steps 6-8. 

5. Remove the wires of the salinity 
meter from the 400-ml beaker, 
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using the glass rod as a handle. 
Rinse the wires thoroughly, first in 
tap water and then in distilled 
water. Place the glass rod across the 
top of the second (empty) 400-ml 
beaker, so that the wires hang 
inside the empty beaker. .This is 
done to prevent extreme bending or 
damage to the wires. Now pour the 
5% sodium chloride solution from 

the 400-ml beaker and from the 
600-ml beaker into a bottle. 
Stopper the bottle and label it “5% 

Sodium Chloride Solution.” 
Thoroughly wash all glassware used 
in this and previous steps; rinse 
with distilled water and dry it. The 
procedures in this Step 5 must be 
followed each time the apparatus is 
used, to save the solutions and 
especially to avoid contaminating 
the solution to be prepared in the 
following steps. 

Note: After you have used each of 
the solutions in Steps 6-10 (which 
follow) to further calibrate the 
meter, save the labeled bottles of 
solution for use as standards for 
setting the potentiometer before 
measuring the salinity of samples of 
brackish, salty or fresh water. This 
is important, because it will enable 
you to make your measurements 
quickly without the bother of 
making up the standard solutions 
each time. 

6. Measure 40 ml of the 5% sodium 
chloride solution into the lOO-ml 
graduated cylinder and pour it into 
a clean 400-ml beaker. Add to this 
beaker 160 ml of distilled water 
and stir thoroughly. This makes a 
1% sodium chloride solution. Now, 
lift the glass rod of the salinity 
meter from the beaker on which it 
was stored and place it across the 
top of the beaker with the 1% 
solution, so that the wires hang 



inside the beaker, and in the 
solution. Record the reading in 
milliamperes. Note: This reading 
corresponds to a 1% solution of 
sodium chloride. Now, follow the 
same procedures as in Step 5. 

7. Repeat Step 6, using 80 ml of 
the 5% sodium chloride solution 
and 120 ml of distilled water. This 
gives the meter reading for a 2% 
sodium chloride solution. 

8. Repeat Step 6, using the proper 
quantities of 5% sodium chloride 
solution and distilled water to find 
the readings for 3% and 4% sodium 
chloride solutions. To do these two 
steps, requires a bit of figuring on 
your part. 

Note: The salinity meter has now 
been calibrated from O-5% sodium 
chloride solution. It may now be 
used to measure the salinity of sea 
water or brackish water. To further 
calibrate the meter, continue with 
Steps 9-10. 

9. First, reset the potentiometer of 
the salinity meter so that the 
ammeter reads 0 milliamperes. This 
must be done each time before you 
begin calibrating the salinity meter. 
Then, as in Step 3, make a 1% 
solution of sodium chloride by 
dissolving 4 gm sodium chloride in 
enough distilled water to make 400 
ml of solution. Now, follow the 
procedure outlined in Steps 4-8, 
but this time calibrate the meter to 
read from O-l% salinity. This range 
is useful for measuring the salinity 
of brackish water. 
IO. Pour 40 ml of the 1% solution 
from Step 9 into a clean beaker, 
add 360 ml of distilled water and 
stir thoroughly. This makes a 0.1% 
sodium chloride solution. Calibrate 
the salinity meter from O-0.1%. 
Repeat this procedure to calibrate 
the meter from O-0.01% and from 
O-0.001%. These ranges are useful 
for measuring the salinity of fresh 
water. 

Note: By following the procedures in Step 10, you have calibrated the 
salinity meter for such widely different ranges of salinity, that you can 
measure the salinity of fresh water from lakes, rivers or faucets. Find 
out how the salinity varies in different localities. 

Oil: The Deadly Tide 

When large amounts of petroleum oil are suddenly released into 
the water, spectacular and disastrous water pollution occurs. We have 
read about such accidents at Santa Barbara in California, at beaches 
along the English Channel and at Coney Island in New York City. 
Similar catastrophes have taken place throughout the world. No 
ocean, river or large lake seems to be immune to the awful effects of 
the oil. 

The damage done by oil takes many forms. Generally, the spill 
consists of crude oil, a dark, viscous, thick fluid that clings tightly to 
and fouls everything it touches. A clean, white sandy beach becomes 
repulsively filthy when its sands are contaminated with crude oil. 
Bad as this is, the damage to the sand is one of our less important 
problems. Crude oil and the liquid products derived from it are 
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poisonous to most forms of life. The plight of water birds is 
especially pitiful. With their feathers coated by oil, the birds can 
no longer fly. They lose most of their buoyancy and may even 
sink and drown. When the birds attempt to clean the oil from their 
feathers with their bills, they may be killed by the poisonous oil 
that they swallow. Fish die by the millions as a result of oil spills. 
Plankton, the smaller organisms on which most fish feed, are also 
devastated. When water plants (including algae) are killed, the fish 
and other organisms lose their main source of oxygen. As a result, 
many fish die. To continue to dump more oil into the water will 
further cut additional food fish out of the human diet. This, in 
turn, aggravates the problem of a shrinking food supply for an 
exploding human population on our planet Earth. Some ecologists 
believe that, if algae are killed off in sufficient numbers, the 
resulting reduction in oxygen may even threaten human life. 

How Oil Spills Occur 

Some oil spills are accidental, but others are deliberate. Off-shore 
oil wells sometimes’ leak large quantities of oil in the ocean. Oil 
tankers near the shore sometimes collide or are wrecked in other 
ways, releasing their cargoes of oil. Occasionally a valve is opened in 
error, and oil pours into the water. Much damage is done, however, 
when crews wash otlt the insides of oil tankers as part of their work 
and flush the oily waste into the ocean to create a highly dangerous 
condition of water pollution. 

Whether the damage done by oil spills is accidental or purposeful, 
most of it can be avoided. Procedures have been devric?ed by 
governmental agencies to prevent oil spills or to minimize their 
damage. International laws have been passed requiring the use of 
such procedures. But these laws are not always obeyed and 
governmental agencies may not always strictly apply these rules. 
Therefore, we who have the most to lose by this oil spillage, must see 
to it that the waters are kept free of oil pollution. We must insist that 
all people who produce, transport and deal in petroleum foilow 
practices that will protect our beaches and the aquatic organisms that 
are of vital importance tc, , all other forms of life, incluciing man. 

How Oil Affects Aquatic Plant Life 

An essential part of the water environment for human beings is the 
aquatic plant organism. Since it is too difficult for us to examine thr 
effect of oil spillage on aquatic plants, we must find a land plant that 
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will react to oil in a way similar to an aquatic plant such as algae. 
Land grass is like algae because both carry on the process of 
photosynthesis to produce the food and oxygen so essential to all 
forms of life. Therefore, in Project 3-8 we can study how oil affects 
grass, and we can reasonably conclude that oil spillage would have a 
similar effect on aquatic forms of life such as algae. This project will 
also give you some idea of the harm oil can do to other organisms. 
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1.Fill the two flower pots with 
fertile topsoil. Plant enough grass 
seed on the soil to provide a thick 
growth of grass. The seed need 
merely be sprinkled on the surface 
of the soil. 

2. Keep the flower pots in a sunny 
location. Water every second day 
until the grass is about two inches 
tall. This should take about three 
weeks. 

3. Sprinkle 100 ml of lubricating oit 

on the grass in one’ of the flower 
pots, using the graduated cylinder 
to measure the oil. (The other 
flower pot will act as a control.) 

4. Continue watering the pots every 
second day. What happens to the 

grass in each of the two flower 

pots? Can you explain how the oil 

damaged the grass in one of the 

f/o wer pots? How does this 

experiment illustrate what might 

happen to aquatic algae if an oil 

spill occurred in an ocean? 

3 

Here, we have examined various kinds of water pollution and we 
have also considered methods of reducing this menace. In the 
following chapter, we will look into the problem of solid pollution. 



CHAPTER FOUR 

SOLID POLLUTION 

WHENEVER YOU eat or drink, solid waste materials in the form of 
cans, bottles, cartons, bones and so forth almost always remain. 
After you finish reading a newspaper, the newspaper itself is not 
finished. The solid material, paper, still exists as waste. Some other 
objects such as automobiles become solid wastes much more slowly. 
Ten, fifteen years or more may elapse before an automobile becomes 
useless as a means of transportation. At that time, it becomes a mass 
of solid waste. 

Did you ever stop to consider how much solid waste matter your 
family contributes (unintentionally) to this problem? If you can 
answer this question, and if you were to multiply this answer by all 
the families on your street (assuming that your family is average size, 
about 4 people) and if you multiply this total by 365 days of the 
year, you will understand the enormity of the problem on your 
street and on all of the “streets” in the world. A good starting point 
for this investigation is described in Project 4-l. 

If you know the population total in your community, Project 4-l 
should help you answer the following questions: 

1. About how many cubic feet of solid waste does the community 
produce each day? Each year? 

2. If we assume that the metals and glass cannot be burned, how 
many tons of such unbumable materials does the community 
generate each day? Each year ? How many cubic feet does this 
amount to per day if the volume of the unbumable material is not 
reduced by crushing or melting? How many cubic feet per year? 
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Project 4-1. How Much Solid Waste Does Your Family Produce Per 

1. Empty all the waste baskets and 
garbage pails in your house and 
dispose of the rubbish in the usual 
way. Using strong twine, make a 
handle for each empty waste basket 
and garbage pail, as shown in Fig. 
4-1. Put a label on each waste 
container, number all the 
containers on the label to identify 
them, and write the kind of waste 
to be put into each container. 

2. Weigh each waste container on 
the balance, and record its weight 
on the label and in a notebook. 
Then, find the volume of each 
empty waste container by filling it 
with water. Use the quart-size jar to 
measure the volume of the water (4 
quarts equals 1 gallon). As a rough 
estimate, 8 gallons of water equals 
1 cubic foot. 

3. Begin collecting waste. Put the 
same kind of waste into the same 
container. For example, put tin 
cans into one container; bottles and 
glass jars into another; paper into a 
separate container; plastic material 
into another and organic wastes 
into another, etc. Only food scraps 
may be thrown into the garbage 
pail. Get the members of your 
family to cooperate. 

4. At the same time each day for 
one week, calculate the volume of 
the waste. Compact the waste in 
each container and fill it to the top. 
Record the volume in each full 
container. If a container is not 
completely filled, estimate and 
record the volume of the waste in 
it. 

5. Before waste is discarded, weigh 
each waste container and its 

Waste container 
suspended from 
spring balance 
with twine. 

Fig. 4-l. How to Weigh 
a Waste Container. 

Y- 

contents. Record the weight of the 
empty waste container to calculate 
the weight of the refuse only. Now, 
record the weight of the refuse. 
Remember, you can weigh only :c? 
pounds at a time. Find the total 
weight of the refuse per day, then 
discard the refuse. Calculate the 
weight of solid waste per person by 
dividing the total weight by the 
number of persons in the family. Iii 
the same way, calculate the volume 
of solid waste per person. Then, 
determine the percentage of each 
kind of waste. 

95 



l 



remains of cars can make any scene look depressing (see photo Fig. 
4-2). This blight is partially remedied by concentrating such solid 
wastes at garbage dumps and junkyards. Thus, the ugliness of solid 
waste is confined to a relatively small area and most of the 
community remains clean. It is certainly better for a beer can to end 
up cn a garbage dump than floating in a lake or resting on your 
street. 

Is your street plagued by scattered debris? Do you live on or near 
a street littered with solid waste? If you do, your community is faced 
with the problem of having this debris removed and disposed of 
properly. Project 42 suggests an effective way of learning how much 
and what kind of litter there is on one block. If the block is typical, 
you can multiply the result you get by the number of blocks in your 
community and arrive at the total amount of litter. With the data 
obtained from Project 4-2, you and the other members of your 
community can do much to clean up the area and to prevent littering 
in the future. 

1. Select an area to study. The area 
need not be especially dirty. It may 
be a whole block, part of a block or 
several blocks. A few hundred feet 
of a road wo@rld also be suitable. 

2. Collect all the litter in the block, 
street or road. Anything weighing 
more than 5 pounds can be 
considered too large to be a piece 
of litter. (You might, however, 
make a separate list of all the 
heavier refuse such as abandoned 
automobiles. refrigerators or even 
furniture.) The tongs, broom and 
pan will be useful for handling the 
trash. Small pieces of iron and steel 
(nails, screws, etc.) may be picked 
up with the magnet. 

3. Use the plastic bucket and spring 
balance as in Project 4-1. Weigh the 
total amount of trash and record 

the weight. Be sure to subtract the 
weight of the bucket from the total 
(or gross) weight of the bucket plus 
trash. 

4. Separate the trash into different 
categories such as paper, glass, 
wood, steel (including “tin” cans), 
other metals, rubber, etc. Weigh 
each kind of refuse separately, 
subtract the weight of the 
container, and record the weight of 
the refuse. 

5. Count and record the number of 
collected soda bottles, tin cans, 
cigarette packages, candy wrappers 
and so forth. 

6. Repeat Steps l-5 in the same 
area each day for a week if possible, 
to calculate the average amount of 
solid waste that is scattered in the 
area per day. 
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I. Put the meat into the Petri dish. 
Allow the dish to remain open for 
about 10 minutes, then cover it (see 
Fig. 4-4). 

2. Leave the covered Petri dish in a 
warm place for one week or 
more to allow the meat to decay. 
Check each day to note whether 
any fungus or colonies of bacteria 
are growing on the meat. Fungus 
will usually look like a tangled mass 
of fine threads. Bacteria colonies 
are usually round, almost flat and 
may be white, pink or various other 
colors. 

3. Remove the Petri dish cover each 
day and note the odor, and whether 
any liquid has oozed from the 
meat. If you note an odor or 
oozing, decay has begun. Meat 
which has been discarded on a 
garbage dump decays in a similar 
way. 

4. Kill the bacteria and fungi before 
you clean the Petri dish. Put the 
Petri dish and cover, open side up, 
into a pail or large container. Fill 
the Petri dish and cover with 
full-strength chlorine bleach and 
allow it to remain for at least one 
hour. Then, pour water slowly into 

Covered Petri dish. 

Colonies of bacteria 
on decaying meat. 

Fig. 4-4. Covered Petri Dish 
with Decaying Meat. 

,/’ 
_,” 

the container until it is about 
half-full. This will dilute the bleach 
so that it can be safely poured out. 
(Handle chlorine bleach very 
carefuiiy because it can damage 
objects that it spills on.) Now, you 
can clean the Petri dish and cover 
by scrubbing it with the test tube 
brush in a solution of liquid 
detergent in water. Carefully rinse 
the Petri dish with tap water and let 
it dry. 

5. Repeat this experiment using 
scraps of foods other than meat. 
Observe the differences in the odor 
and in the color of the bacteria. 
Record the results. 

Although you perform a safe experiment under carefully 
controlled conditions in Project 4-3, what would happen if large 
areas in the community were exposed to decaying meat? While the 
odor of decay is unpleasant to us, it attracts rats and flies which 
carry dangerous bacteria such as those that produce typhoid and 
dysentery, two potentidly deadly diseases. These bacteria, as well as 
other types, can thrive and multiply on garbage. Therefore, if the 
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Fig. 4-5. Incinerators Add to Air Pollution. 

(Photo courtesy of Bell Telephone Magazine.) 

location of’ a garbage dump is not c’xc’1’tt11y st’lcctcxl, tht- distxst* 
bactct-ia may bc wrtshccl inlo lhr local watc~t- sttppl!, and c*;tttst 
qGd~nli~s. This has happtmtd I’wqiwntly in the past. ktt s and flit-s 
that l’ced and brtwi on garbage dumps at-c also known to in\,adt 
homes (see photo Fig. a-3), cat-tying with them nlari)7 kinds of’ 

deadly diseases, in addition tu typhoid and cl~~sentet-!*. In the middle 
ages, fkas living as parasites on infected rats tt-msmitttd bubonic 
plqg~tt which wiped ottt cntit-e populations in Europe and Asia. 



1. Using the balance, measure on 
weighing paper the mass of the 
meat before burning, and record it. 

2. Measure and record the mass of 
the crucible. 

3. Place the meat in the crucible 
held by the clay triangle on the 
tripod. Cover the crucible and heat 
the meat with a hot bunsen burner 
flame (see Fig. 4-6). With tongs, 
remove cover and note the odor of 
the burning meat. The odor 
produced is similar to that created 
when g-rbage is burned on a dump 
or in an incinerator. This indicates 
that some additional, foul-smelling 
pollutants are being added to the 
air. 

4. Continue heating the meat until 
it becomes black . This shows that 
carbon is one of meat’s component 
elements. Continue heating until 
the meat finally is reduced to a 
white ash. This will require heating 
for at least 15 minutes over a very 
hot flame. 

5. Allow the crucible and its 
contents to cool. Measure the mass 
of the crucible plus the ashes in it, 
then from this total mass subtract 
the mass of the crucible (see Step 
2) to find the mass of the ashes. 

6. What percentage of the original 

mass of the meat does the mass of 

the ashes represent? 

7. rlspeat this experiment with 
other kinds of foods, as well as 
with paper or wood. 

Covered porcelain crucible 
containing meat, held by 
clay triangle on tripod 
over a Bunsen burner. 

. 
Bunsen purner. 

Fig. Q-6. How to Heat Meat 
in Porcelain Crucible. 

6. Waving shown that burning 

greatly reduces the mass and also 

the volume of the meat or other 

materials, can you calculate what 

percentage of the space at a dump 

can be saved by burning the 

garbage? (Assume that the volume 
is directly proportional to the 
mass.) 
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Glass tubing. 

I I _ Rubber tubing. 

II outlet. 
A 

2-hole rubber stopp 

250-ml Florence flask containing 
solution of potassium permanganate 
and dilute hydrochloric acid. 

I 

Ring stand. 
Air pump. 

Fig. 4-7. Set-up for Identifying amd Measuring 

Pollutants Produced by Burning Paper. 

Although burning garbage reduces its mass and volume and 
destroys its food value for rats and insects, most communities have 
discontinued burning refuse on open dumps because it greatly 
increases air pollution. In many areas, large incinerators are used to 
burn the refuse, but they are expensive to con&ruct and operate. 
Costly oil or gas must be burned in the incinerator to produce a fire 
hot enough to cause complete combustion. Even then, incinerators 
add to air pollution. The dark smoke that pours out of an incinerator 
stack (see photo Fig. 4-5) contains many kinds of pollutants. Even 
the simpie process of burning paper will add pollutants to the 
atmosphere. Project 45 shows how to identify and measure two of 
the pollutants produced by burning paper. 
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I. Set up the equipment as shown dioxide produced by the burning 

in Fig. 4-7. paper. 

2. Heat the bottom of the flask to 5. Record the time required to 

make the paper burn. make the solution colorless. Record 

3. Follow the directions given in the results. 

Project 2-2 to determine the 6. Having measured the amounts of 

amount of sulfur dioxide produced sulfur dioxide and carbon dioxide 

by the burning paper. Record your given off by one sheet of burning 

results. paper which weighs about 9/8 

4. Repeat Steps 1-2. This time, ounce, can you calculate how much 

follow the directions given in of these pollutants would be 

Project 2-7 (Steps 2 thru 9), to produced when a ton of paper is 

determine the amount of carbon burned? 

Note: In addition to sulfur dioxide and carbon dioxide, you can see 
dark tar, another pollutant, sticking to the inside of the flask. The 
burning paper also produced carbon monoxide, wood alcohol, acetic 
acid, mineral salts, carbon particles and other chemical pollutants. Since 
mercury is used in the manufacture of paper, mercury vapor also enters 
the atmosphere. This is an indication of the many pollutants in addition 
to Sulfur dioxide and carbon dioxide that pour into the air from 
incinerators. Therefore, to reduce air pollution, we must use other 
methods of garbage disposal instead of burning. 

Sanitary Landfills 
Since it makes little sense to increase air pollution during the 

process of decreasing solid pollution, most communities bury their 
garbage in what are called sanitary landfills. This is an expensive 
process since huge volumes of soil must be moved as trenches are dug 
and the refuse is covered (see photo Fig. 4-8). One serious fault in 
this method of garbage disposal is the large area of land required. A 
big city will quickly fill up one sanitary landfill and soon must 
establish another. Some cities are running out of nearby locations 
suitable for landfills. A sanitary landfill can be used for a longer 
period of time if the refuse rapidly disintegrates by rotting, rusting or 
by other chemical and biological action. Materials such as plastics, 
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Fig. 48. Sanitary Landfill-the Garbage Graveyard. 

glass and aluminum that are resistant to rapid disintegration make 
the landfill useless in a short time because they cause landfills to fill 
up quickly. 

If the sanitary landfill is to be used more efficiently, we must find 
out which materials will rust and decay (thus taking up less space), 
and which materials will resist decay, and remain in their original 
solid state. The resistant materials could be separated and perhaps 
re-used as raw materials in manufacturing. The remaining materials, 
which would decay or corrode quickly, could be buried in the 
landfill. Projects 4-6 and 4-7 demonstrate methods for determining 
the resistance of different kinds of waste materials. 
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1. Remove the undamaged top or date. Has there been any change in 
bottom of the opened “tin” can appearance? Any change in the 
and aluminum can with the can mass? Record your observations for 
opener. Keep the tops and discard each can top separately. 
the cans. 5. Replace the can tops in the soil 
2. Find the masses of the can tops and again water the soil thoroughly. 
and record the mass of each. 6. Repeat Steps 4-5 each week until 
3. Bury the can tops in the soil of one of the can tops has completely 
the flower pot. Record the date on disintegrated. Note: Even in moist 
which you bury them. Water the soil, complete disintegration will 

soil thoroughly to simulate rain. take many weeks. Do not expect 

4. After one week, remove the can fast results. 

tops from the soil. Rinse away any 7. Carefully consult your record of 

clinging soil and corroded material, observations and make a graph 

but do not rub the can tops hard showing the mass of each can top 
enough to remove any of the metal. on the vertical axis, against time in 
Look for signs of corrosion on each weeks indicated on the horizontal 

can top. Record the date when you axis. After this project has been 
notice the first signs of corrosion completed, you should be able to 
on either top, and record the mass answer the following questions by 
of each can top together with the consulting the graph: 

(al Which kind of can, a “tin” can or an aluminum can, disintegrates 

more rapidly when it is buried? 

(b) Does the can that disintegrates more rapidly lose mass at a steady 
rate? Consult your graph for this answer. (A graph showing a straight 
line indicates a steady rate of change). 

(4 How long does it take for the can to disintegrate completely? 

(d1 If the only metals you want to put into a landfill are those that 

corrode rapidly, would you put steel, aluminum, both metals or neither 

into the landfill? 

(e) What can be done with those metals which cannot be used for 

landfills? Can they be collected and recycled? Note: If it is profitable to 
recycle them, it may occur to you that it might be possible to collect 
them as a means of earning a little extra money in addition to 
combatting pollution. 
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Project 47. How To Determine Which Kinds of Fibers Are Most 

Metal rod supporting threa 

D;nn c+=nA rnnr;nh+ 

Threads attached to 
board with thumbtacks. 

” layer of soil in pan. 

Pan rests on ring stand oard at bottom of pan. 

Fig. 4-9. How to Test the Resistance of Fibers to Decey. 

I. Set up the ring stand, V-clamp 
and metal rod as shown in Fig. 4-9. 
Cut a 15” piece of thread from 
each spool. Attach each thread to 
the board with a thumbtack, 
spacing the threads as shown. Put 
the board into the bottom of the 
pan. 

2. Set the pan on the base of the 
ringstand and bring the threads 
about 5” over the metal rod, and ;t 
that _ point attach the 100~c,;n 
masses to the ends of the threads as 
shown in Fig. 4-9. 

3. Pour soil into the pan until it is 
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about 3” deep. Water the soil 
thoroughly at the beginning of the 
experiment and then again every 3 
days as long as the experiment lasts. 
Record the date of the beginning of 
the project. 

4. Observe the set-up at least once a 
day. Record the date on which each 
thread breaks. This may take 
several weeks. Why do the different 

threads break at different times? 

Which threads are more resistant to 

disintegration? Which kinds of 

fibers would probably last the 

longest in a sanitary landfill? 



Recycling Waste Materials 

There are serious faults with the disposal of garbage on ordinary 
dumps, sanitary landfills, or with open-burning and incineration. To 
attempt to avoid these problems, some communities load garbage 
onto barges and dump it out at sea. This method is harmful and must 
not be continued because it causes water pollution. Valuable fishing 
grounds near New York City have been destroyed by such pollution. 
Floating garbage has been seen near bathing beaches as well as many 
hundreds of miles from any shore. The oceans are not limitless. They 
too can become “dead seas” and thus remove a source of food for 
the humans. The oceans must be protected against pollution. 

None of our present methods for the disposal of solid wastes IS 
truly satisfactory. Other procedures must be developed. A 
completely different approach to solving this problem is to consider 
the solid wastes as valuable raw materials for the manufacture of new 
products. This is the basis of “recycling,” which is simply the 
disposal of wastes by reusing them rather than attempting to destroy 
or hide them. The idea is far from new, but up to this time it has 
been applied only in a limited way with a few select waste materials. 
For example, new paper is manufactured from waste paper, glass 
makers include a certain percentage of old broken glass in their new 

+ glass, and some metals such as aluminum, copper and iron are 
salvaged for re-use. Projects 4-8, 4-9,4-10 and 4-l 1 describe some of 
the techniques of recycling. 

If we are to explore the possibilities for recycling, we should know 
something about the nature of the materials to be recycled. Since 
waste fabrics are already used in recycling, let us begin by examining 
the appearance and structure of some of these fabrics as in Project 

I 4-8. 

Paper is often made of fibers previously used in other paper or in 
cotton or linen cloth. Silk, wool and other fibers from discarded 
garments can also be recycled into new cloth once again. Thus, 
recycling waste materials avoids the solid pollution and air pollution 
that would result if the wastes were simply discarded and destroyed. 
In Project 4-9, we will make new paper from old. Then, we will 
extract lead from lead oxide in Project 4-10 and in Project 4-l 1 we 
will obtain pure copper from scrap copper. 
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Project 4-8. How to Identify Different Kinds of Fibers Under a 

1. With the aid of the microscope 
illuminating lamp, examine the 
prepared slides of sample fibers 
under the microscope. Then, make 
drawings of the different kinds of 
fibers you examine. Your drawings 
may look somewhat like those in 
Fig. 4-10. 

2. Carefully pull a few fibers from 
the piece of wool cloth with the 
dissecting needles and forceps. Put 
the fibers on a clean slide. With a 
clean medicine dropper, add a drop 
of water and a drop of stain. Cover 
the slide with a cover slip. Examine 
the fibers with the microscope and 
compare them to the wool fibers on 
the prepared slide. Are they similar 

in appearance? Do they resemble 

your drawing of a wool fiber? 

3. Repeat Step 2 using each of the 
other pieces of cloth. 

4. When you have become familiar 
with the microscopic appearance of 
the different kinds of fibers, you 
will be able to readily identify the 
fibers used in any piece of cloth. 

5. Snip off some loose fibers from 
any piece of castoff wearing apparel 
and examine them under the 

Fig. 410. Typical Fibers 
Seen Under a Microscope. 

microscope. Then, compare what 
you see with your drawings of 
fibers. Can you identify the fibers 

used in the castoff apparel? 

6. Prepare a slide of facial tissue 
paper. First, tear off a piece of 
paper smaller than a cover slip. 
Then, place the paper on a clean 
slide. With a clean medicine 
dropper, add a drop of water and a 
drop of stain. Examine the paper 
with ,the microscope. (Most paper, 
including facial tissue, is made of 
wood fibers which are quite similar 
to cotton fibers in appearance.) 
Under the microscope, the paper 
looks very much like a tangle of 
fibers running in every direction. 
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Paper fibers on 
wire screen. 

Mixture of old newsprint fibers, 
wallpaper pa 

Fig. 411. Recycling: Making New Paper from Old. 

1. Tear one square foot of mixing bowl again and carefully 
newspaper into small pieces. Put repeat this step until the layer of 
the pieces into bowl, G-full of fibers on the screen is at least l/16” 
water, and let them soak for at least thick. 
one hour. 

2. Beat the paper and water with 5. Put the rest of the newspaper on 
eggbeater or electric mixer until the a table, then place the window 
paper breaks apart into separate screen on the newspaper with the 
fibers and gives the water a creamy fibers facing upward. Put the sheet 
appearance. (There may be a good of plastic over the layer of fibers 
deal of spattering at this time, so and the block of wood on to-p of 
work in a place that you can easily the plastic. Squeeze dotin on the 
clean up.) wooden block, gently at first, and 

3. Now, dissolve two heaping then harder. Most of the water 

tablespoonfuls of wallpaper paste should be squeezed out of the 

(or starch) in a pint of water and fibers, through the screen and onto 

add it to the water-and-paper fiber the newspaper underneath. 

mixture in the mixing bowl. Stir 
well with the stirring rod. 

6. Allow the fibers to dry on the 
screen until the next day or until 

4. Dip the piece of window screen 
into the mixture. Holding the piece 
of window screen horizontally, lift 
it out of the bowl as in Fig. 4-11. 
There should be a layer of fibers on 
the screen. Stir the contents of the 

they are thoroughly dry. Then peel 
the paper from the screen. You 
have recycled waste paper! Paper 
mills recycle waste paper in a 
similar way to make cardboard, 
pasteboard or new paper. 
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1. Make a cone-shaped depression 
about 114” deep in the charcoal 
block using the X-acto knife with a 
twisting motion (see Fig. 4-12). 

2. Fill the depression in the 
chaicoal block with red lead oxide. 
Holding the bunsen burner and 
blowpipe as shown in Fig. 4-13, 
blow through the blowpipe so that 
the Bunsen burner flame is directed 
at the lead oxide. Do not blow hard 
enough to blow away the lead 
oxide powder. However, blow 
forcefully enough so that the flame 
makes the lead oxide and a small 
arsd of charcoal around it hot 
enough to glow. 

3. Continue to blow until you see 
droplets of molten metal in the 
depression. Allow the charcoal 
block and its contents to become 
cool. The droplets of molten metal 
will cool and become metal spheres. 
Remove some of the metal spheres 
and try to cut them with the X-acto 
knife to test their hardness. You 
have just extracted pure lead from 
lead oxide! (A different kind of 
lead oxide can be salvaged from 
storage batteries.) How did this 
happen? 

Use X-act0 
knife with 
a twisting 
motion. 

Cone-shaped 
\ 

depression in 
charcoal block,. 

fig. 412. Cutting Cone-Shaped 
Depression in Charcoal BLock 

Charcoal block. Eunsen burner \\ 

Fig. 413. Recycling: Extracting - 
Pure Lead from Lead Oxide 

Explanation: Heating lead oxide with carbon reduces the lead oxide 
to metallic lead. At the same time, the carbon is oxidized to carbon 
dioxide. The equation for this reaction is as follows: 

Pb304 + 2c i3Pb + 2C02 

(Lead oxide) t (Carbon)b(Lead) -#Carbon dioxide) 

This kind of chemical reaction is often used to extract metals trom 
their oxides. Lead, iron and most other metal become oxides when they 
corrode. When waste metals are recycled, they are usually heated with a 
form of charcoal (coke) in a process similar to the one in this project. 
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Wire held to copper strip No. 18 insulated copper 

carbon rod by 
alligator clip. 

Four No. 6 dry cell batteries. 

Fig. 414. Recyding: Purifying Copper by Electroplating. 

I. Assemble the apparatus as in Fiq. 
4-14. Then remove about 1” of 
insulation from the w:re at each 
connection. Use the X-acto knife to 
cut through the insulation. 

2. Using the graduated cylinder, 
measure 250 ml of water and pour 
it into the unused beaker. On 
weighing paper, measure a mass of 
20 gm of copper sulfate with the 
balance. Pour the copper sulfate 
into the water in the beaker. Stir 

with the stirring rod until the 
copper sulfate dissolves. 

3. Pour the copper sulfate solution 
into the beaker being used as part 
of the apparatus assembled in Step 
1. This will cause an electric current 
to begin flowing. Stop the flow of 
electricity after about 5 minutes by 
lifting the carbon rod out of the 
solution. Observe the carbon rod. 

Note that it is now coated with 
brownish copper. 
4. Disconnect the apparatus and 
discard the copper sulfate solution. 

Explanation; You have electroplated copper onto the carbon rod. When 
the current of electricity flows through the copper sulfate solution, 
copper comes out of the copper sulfate solution and is deposited as 
pure copper on the carbon rod. Meanwhile, copper goes into the copper 
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sulfate solution from the copper strip, keeping the concentration of the 
copper sulfate solution constant. Thus, copper goes from the copper 
strip to the copper sulfate solution and then to the carbon rod. The 
copper strip gradual,ly becomes thinner, showing that the copper 
deposited on the carbon rod actually comes from the copper strip. 

Electroplating is generally used commercially for r 
purifying impure copper. After impure waste copper has 
and allowed to solidify as a preliminary part of the recyclir 
is then purified by electroplating. 

efining and 
been melted 
hg process, it 

A major goal in solving the pollution problem should be to make 
recycling universal, re-using all material whenever they have lost their 
original usefulness. However, a number of serious obstacles stand in 
the way. It is often less expensive to mine and refine new metals than 
to re-use junk metal. Other products, such as paper and cloth may 
also be cheaper when produced from virgin materials. The cost of 
collecting and processing junk may make it too expensive for 
industries to re-use as a raw material. That is one reason that so many 
old cars are left to rust instead of being salvaged for their large 
amounts of steel, copper and other metals. (See photo Fig. 4-15.) 

But, there is only a limited amount of raw materials in the world, 
and it is growing less every day. Perhaps, when new materials become 
much scarcer and more expensive than they are now, it will be 
cheaper to recycle the refuse than to obtain new materials. When the 
time comes that the entire underground supply of certain raw metals 
and minerals has been used up, recycling may be the only way of 
obtaining those substances. 

ii more waste materials are to be recycled, new and more 
economical methods must replace those used at present to recycle a 
few select substances, such as steel and paper. New methods must be 
developed for separating each kind of substance in the refuse. These 
would include paper, glass, wood, various plastics, bones, meat, fat, 
vegetables, plaster, brick, all kinds of metals and minerals. After the 
materials are separated, they can be refined and used once again 

Recycling of all wastes will considerably reduce, if not eliminate, 
the problem of waste disposal. Moreover, it will reduce pollution of 
air and water, and eliminate solid pollution. 
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Fig. 415. Discarded Cars. (Photo courtesy of 
Bell Telephone Magazine.) 

How Pollution Has Already Been Reduced 

Pollution is threatening our civilization. As the world’s population 
grows larger and as our technology - the machines and methods we 

use - becomes more complicated, we producr an increasing amount 
of pollution’. Many scientists feel that pollution might become so bad 
that man could not continue to exist. We must not let that happen 
and we will not let it happen. Pollution can be controlled and 
reduced. 

For the past few years, governments, industrks and some of the 
general public have been fighting pollution. These efforts have indeed 
decreased pollution in many communities. Now the air over London 
is much less polluted than it was previously. Up to 20 years ago, 
London homes were heated by burning soft coal in open fireplaces. 
As a result, sulfur dioxide and solid particles poured into the 
atmosphere. Now, London homes have central heating systems 
burning oil in closed furnaces. The result is much less pollution 
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because the oil contains less sulfur than soft coal, it also produces 
considerably smaller amounts of solid particles, and the burning is 
more complete in a furnace than in a fireplace. Air pollution in Los 
Angeles has also decreased in recent years. There, some benefit has 
resulted from local regulations requiring improvements in the ways 
that automobile engines burn gasoline. But, the greatest decrease in 
air pollution was brought about by a law prohibiting burning garbage 
in open back-yard incinerators. At one time, over a million back-yard 
incinerators in Los Angeles poured dangerous, foul smelling 
pollutants into the air. Prohibiting the operation of these incinerators 
was a most important step in the fight against pollution. 

The problem, of water pollution was also attacked vigornusly, The 
Suffolk County water supply in New York State had become so 
badly contaminated that detergent foam flowed from faucets along 
with the water. To solve this problem, the Suffolk County 
authorities banned the sale of all detergents (except those used in 
automatic dishwashers). Drilling of offshore oil wells and shipping oil 
in tankers are now regulated by Federal laws designed to prevent the 
kinds of oil spillages that have killed so much sea life and spoiled so 
many beaches. Factories are being fined as much as $10,000 per day 
for releasing pollutants into rivers, lakes and bays. With such vigorous 
action, we should begin to make progress in our fight against 
pollution. Each person, however, must help in some way to control 
pollution. 

How You Can Help Reduce Air Pollution 

Mere are some ways in which you, personally, can help reduce air 
pollution : 

1. Don’t burn anything (leaves, rubbish and fuel for barbecues) 
outdoors; discourage others from doing so. 

2. Have the furnace at home tested to make certain that it is 
working properly. The company supplying fuel may make the test 
without charging a fee. 

‘. 

3. If you or some member of your family drive a car, have a 
mechanic check it to determine whether it is producing too much 
carbon monoxide and hydrocarbons. Frequently, a minor adjustment 
will reduce the output of carbon monoxide or unburned 
hydrocarbons that the engine gives off. Sometimes, the spark plugs, 
distributor points or other parts should be replaced to further reduce 
pollution. 
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4. Decreasing the total amount of driving reduces air pollution. 
When two people travel in the same car instead of using individual 
cars, the amount of pollution has been cut at least in half. A car 
pool, involving four or five people, is even more effective. Sharing a 
car means fewer cars on the roads, less traffic congestion and all the 
cars can move faster. A rapidly moving car produces much less 
pollution per mile than a car moving slowly or idling. 

5. Use gasoline that does not contain lead. If you don’t drive, try 
to convince others to use gasoline without lead. 

6. Jack-rabbit starts and “panic” stops quickly wear rubber off the 
tires, asbestos off the brakes and concrete or asphalt off the road. All 
these materials add to air pollution. A driver should avoid 
accelerating or stopping suddenly. 

7. You can help your local pollution control agency by reporting 
sources of pollution. Dark smoke pouring from a chimney is an 
evidence of pollution, as is a strong odor of any sort. 

How You Can Help Reduce Water Pollution 

The control of water pollution is, generally, a problem that either 
a government agency or a large industrial establishment must handle. 
One individual person cannot do much to improve the disposal of 
sewa.ge or industrial wastes, other than by locating the source of 
pollution and making the community aware of it. You can, however, 
help reduce water pollution in certain important ways. Here are some 
suggestions: 

1. Use detergents that contain the lowest percentages of 
phosphates. Low phosphate detergents help to lessen the problem of 
algae growth in rivers and lakes. 

2. Do not throw any kind of waste material, liquid or solid, into 
rivers, lakes or other bodies of water. Aside from detracting from the 
appearance of the water, any kind of refuse may pollute the water by 
decaying, rusting or rotting. 

3. Motorboats pollute the water of lakes and bays with the 
exhaust and oil leakage from their gasoline engines. An electric 
motor will prevent s,uch pollution. Oars, paddles or sails to propel a 
boat are even better and - you also benefit from the exercise. The 
-trip may be slower, but you will probably find it to be more fun. 
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How You Can Help Reduce Solid Pollution 

Here are some suggestions for reducing solid pollution: 

1, Buy soft drinks in deposit bottles that you can return to the 
store. 

2. Buy canned goods in “tin” cans, which are made of tin-plate 
steel that rusts and crumbles. 

3. If some of the foods and drinks are in aluminum cans (they dl 
not rust and crumble), flatten and save the cans; give them to a: 
organization that will sell them back to the aluminum manufacture1 

4. Save old newspapers and magazines to sell to junkmen. Thj 
cuts down on solid pollution and allows the paper to he recycled an 
used once again. 

5. Above all, do not litter. Bottles, cans and paper which ar 
scattered about are the worst form of solid pollution. It is muc 
simpler to cope with solid pollutants when they are gathere 
together neatly. This prevents them from polluting large areas. 

Conclusion - But Only the Beginning 
We have investigated several of the many aspects of air, water an 

solid pollution. We have learned to locate, identify and measur 
different forms of pollution. We have learned something about thl 
acceptable or “safe” levels of pollutants. In a word, we now havl 
acquired some of the “know-how” to combat this menace in ou 
community. This is the first step, and for us, a most importan 
beginning. Now, we can help provide the community with data they 
will need to spark a campaign to ge; rid of or to restrict loca 
pollution sources. 

Having recognized and been made aware of the seriousness of thi 
problem, we may wonder why so few people in our community ar 
involved in attempting to solve it. The solution is complex. Some o 
the necessary changes may require moving complete industries fron 
our community, resulting in unemployment, which in turn may fort 
some residents to move from the community. Changing or restrictin 
the electrical power sources may bring about increased rates fo 
electrical power and gossibly higher taxes, or less power fti 
consumer use. It will be necessary to redesign automobile engine 
and change automobile fuels. There may be a need to relocat 
airports and heavy traffic arteries. The government may, for on 
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reason or another, be unable to put together effective legislation 
rapidly enough to remove already existing pollution. 

The environment young people have inherited is markedly 
unhealthier than that of the older generation. Although this 
condition originated and evolved long before the new generation 
came upon the scene, nevertheless, the problem remains and affects 
us all. Where does the solution really lie? Any concerned scientist 
will not merely do scientific investigations in the laboratory and 
field. He will also seek the social and economic causes of the 
pollution dilemma. While an understanding of the social and 
economic factors is not the goal of this book, these two factors are a 
vital part of the solution. Young people should investigate the social 
and economic practices which are the main causes of pollution. 
Armed with this knowledge, young people might then feel that they 
must become part of the community struggle against pollution 
because the future world is their world, one in which they must live. 
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Test Your Knowledge of Pollution 
The following questions can serve to test your understanding of 

the problems of pollution. How many of them can you answer? 

Chapter 1 

1. How is emphysema caused? 

2. Why is it difficult for a victim of emphysema 
to obtain all the oxygen he needs? 

3. How is bronchitis related to emphysema? 

4. How do parts of your respiratory system 
prevent poI.lutants from entering your alveoli? 

5. How does the normal action of respiratory 
cilia help maintain the health of the 
respiratory system? 

6. How do air pollutants affect the action of 
respiratory cilia? 

7. What are some ways in which sulfur dioxide 
harms living organisms? 

8. Why are maximum breath pressure and vital 
capacity important indicators of the health of 
the respiratory system? 

9. How can you make a set of serial dilutions of 
sulfurous acid? 

Chapter 2 
1. What are some important characteristics of 

sulfur dioxide? 

2. How can sulfur dioxide be identified 
chemically? 

3. What can a photometer be used to measure? 

4. Why is it possible to use rubber bands to 
measure the concentration of ozone in the air? 

5. Why might an increase in carbtin dioxide 
concentration cause a large rise in the sea 
level? 

6. What is the main way that carbon monoxide 
damages a person’s health? 
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7. What is the difference between visibility and 
ceiling? Why are both important to us? 

8. How does a temperature inversion differ from a 

normal vertical temperature distribution? 

9. Why is ozone considered to be both helpful 
and harmful? 

Chapter 3 
1. How does a heavy growth of algae decrease 

the concentration of oxygen in a lake? 

2. What is the main way that detergents make 
lakes and rivers more turbid? 

3. How are aquatic animals affected by thermal 
pollution? 

4. What harm may be done by excess salts in 
fresh water? 

5. What are some ways that excess salts may get 
into drinking water? 

6. How does turbidity affect the depth to which 
you can see through water? 

7. What are the chemical elements that are 
included in a complete nutrient solution for 
algae? 

8. HOW does a biodegradable detergent differ 
from a persistent detergent? 

9. HOW can an oil spill reduce the concentration 
of oxygen in water? 

10. Why is petroleum oil sometimes purposely 
poured into the ocean from tankers? 

Chapter 4 
1. The solid pollution produced by a typical 

family includes glass, paper, food scraps, 
aluminum cans, tin cans, fabrics and plastics. 
Which can be burned? 

2. How do bacteria and fungi help in the disposal 
of solid wastes? 
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3. What are some dangers that may be caused by 
the bacteria and fu&$ that help dispose of solid 
wastes? 

4. What are some of the advantages and 
disadvantages of disposing of solid wastes by 
burning them? 

5. Why may aluminum cans cause more waste 
disposal problems than tin cans? 

6. What are the advantages of recycling wastes 
rather than disposing of them in other ways? 

7. What are some problems that may make 
recycling difficult or impractical? 

8. How is pure lead formed when lead oxide reacts 
with carbon? 

9. What are some of the advantages and 
disadvantages of using sanitary landfills for 
waste disposal? 

10. What can you personally do to help solve the 
problems of pollution? 

11. Why is it important to cooperate with 
organizations that are attempting to reduce the 
pollution problem? 

12. What are the names and addresses of 
organizations in your community which are 
attempting to solve the problems of pollution? 

13. How can you help the local antipollution 
organizations in their fight against pollution? 
What kind of data on pollution can you gather 
that would be of help to these organizations? 

14. In our effort% to reduce pollution, what is the 
comparative worth of these two procedures: 
(1) to gather all litter and clean up your local 
community and (2) compel large industrial 
organizations to employ methods that will 
decrease the amount of pollution they 
produce? 
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measuring, 36-38, 103 
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ANTIPDLLUTION LAB pro- 
vides young people with the 
‘Vmow-how” to begin ap- 
proaching the problem of 
pollution scientifically. Dr. 
Ren6 Dubos, of Rockefeller 
University says, “The great 
merit of Elliott Blaustein’s 
book is to demonstrate that we 
can use simple and practical 
techniques to detect pollu- 
tants as well as their effects 
on the body, and also to de- 
velop programs which will 
once more render our environ- 
ment healthy and pleasur- 
ab le.” 

The author, Elliott H. Blaustein, is active in pollution 
research. He has taught science in New York City 
Schools and he has lectured at Brooklyn College. 
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