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Man has surviged on this planet for many thousands of years and has proved
to be a most successful species. He has populated the planet, subjected other
species to his qwn'use, and developed new processes that match many natural
processes in both intensity and scope. :
Suddenly we find reason to question his success. The power that man has
exerted on the rest of nature now threatens his own survival. If we are surprised

to find ourselves in a deepening environmental crisis, we can, at:least ?’

encouraged by the current awareness of the crists. This awareness is necc

- if we are to launch a successful attack on the extremely serious problcms.

Of special significange is the coming of age of a generation that has a very
special relationship t¢ the environment. Young people today are the first
generation to carty strpntium-90 in their bones, DDT in their fat, and asbestos
in their lungs. Their bodies will record the effects of these new environmental

insults on human health, since they are the mvolunlary subjects of a huge

worl';lXidc experiment. Although many effects have already been documented,
the Afll significance of this experiment will be discovered only after this gen-
cration has lived out its life. Only then will we have learned the long-term
biological effects of so many novel agents, some of which interact to- cause
even greater effects than the sum of each taken separately. So it is our young
people—and future gcncrahons——who may have to bear the ultimate conse-
quences of today’s environmental hazards.

a
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AIR POLLUTION | o,

The problem of air pollhtion is not new, although its recognition as a problem -
~-is. Only yesterday, people regarded a smoking factory chimney in their town

as a sign of prosperity in which to take pride. The sweet smell of money, jobs,
and taxes was quite tolerable. However, as\\tlc populalion grew and industrial

-wastes multiplied, air pollution reached a st ge that was no longcr acceptable .

to Iarge nuTbcrs of people. : . ,

o\ .-1.,. IR TP
!m-x“ﬁﬂ [N r.3.5;-4.,.3;f._:t:‘,_,'-a‘#:a'_,.,,.

\

- LMt

~--_‘(- ¥

A8t dyor
,Ci

3 st
.-.\ SN




T4

The carth’s atmosphere is limited. Understanding its composition, as well
as its limitations, is necessary 1o order to understand how it became polluted.
Unfor(unalcly, we know hittde about th'e nature and abatement of air pollution
because atmospheric research is relatively recent.

The density of the atmosphere decregses with aljtude, and approximately
half the atmosphere by weight lies beloy ' 5,500 meters. It contains about 21%
oxygen, which animals, including man, require for hife. Other constituents of
air include variable amounts of witer vapor, nitrogen (78%), and carbon
dioxide, carbon monoxide, and certain other gases, all of which total less than

1% by weight. ~

The atmosphere is influenced by many factors, both natural and man-made.
Heat energy from the sun is the chief influence. Heat is a form of encrgy as
well as an expression of molecular activity. Because different materials have
different molecular structures, they will have different temperatures when they
are heated. Land, for example, becomes hotter than water when identical
amounts af heat are agpﬁcd to both. So differential heating and cooling
between mountains and flat land, desert and cultivated land, green plants and
pavcnicnt,-ctc., all influence atmosphenc conditions. 7

The troposphere is the layer of the atmosphere adjacent to the earth.
Normally the temperature of the troposphere decreases with increasing altitude.
Sometimes conditions exist in which there are changes in this order. For
cxample, there may be a narrow layer within the troposphere in which temper-
ature increases with altitude for several hundred meters. This is called a
lemperature inversion, since it is an inversion of the usual decrease of tempera-
turc with altitade. Inversions can hinder the rise of the air, and if this air
contains pollutants, the inversion acts as a lid to seal them below. If there is
no wind, then the stage 1s set for an acute air pollution episode, such as occurred
in New York City in July 1970.

Of the hundreds of pollutants, some are of major importance to man’s

- well-being. These are briefly described below. ) .

.Carbon monoxide The complete combustion of carbon in the presence of
oxygen results in the formation of carbon dioxide (CO,). Carbon monoxide
(CO) results from the incomplete ‘combustion of carbon,. and it has been

- considered almost exclusively a man-made pollutant. It is toxic to humans at

concentrations of 100 pafts per million when exposure for several hours occurs,
Although carbon monoxide is produced largely by incomplete combustion of
fuel, predominantly from automobile engines, recent research indicates that
the oceans and the atmosphere itself are contributing through photochemical

-

.oxidation of drganic matter. ' \

Carbon dioxide CO, occurs naturally as a by-product of animal Tespiyation,

and in other natural events such as-volcanic eruptions. A very large proportion

of atmospheric CO{MSO results from the combustion of fossil fuels such as

coal, oil, and gas. Since the Indystrial Revolution, mart has greatly increased

CO, emissions. It is estimated that man-made emissions of CO, will show an
. cighteenfold intrease from 1890 to- 2000.
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Because of these additions, carbon dioxide enters the air at a faster rate than
the natural carbon cycle can adjusy tq it. This results in the slow, but measur-
able, buildup of carbon dioxide in the atmospherd. _ :

Carbon dioxide has an effect on global temperature becaiise of its ability .
to absorb heat energy (infrared radiation) and to'trap energy closc to the earth. .
This has the net effect of allowing less heat to escape_ into outer space, and
is appropriately called “the greeghouse effect.” Since short wavelength energy
(ultraviolet radiation) passes tl&ough carbon dioxide, an increase in CO, i
concentration with a more or less constant supply of solar energy should result .
in increasing global lemperatures. Many scientists atighuted the risc in mean
global temperatures in the sixty-year period follow ng 1880 to the approxi- o
e f e - - -MAtely-T-pereent increase i AUTOSphEric. carbon dioxide concentration. The . _ e
decrease in mean global temperature noted since 1940 may be due to increases ¢ W
in watgr vapor and atmospheric turbidity fromgmir pollution, resulting in less - (
incoming energy reaching the”earth.

Nitrogen oxides Qxida’tion of nitrogen and release of nitrogen oxides into the
atmosphere result largely from automobile- and electric power plant sources.
Some of the oxides of nitrogen are oxidized further to nitrogen dioxid¢, which
strongly absorbs ultraviolet light from the sun, creating nitric oxide and atomic .
. oxygen (O). The latter can for'rr.l ozone (Oy)gn the presence of molecular oxygen >
. (Oy). This highly reactive form of oxygcrb(as been responsible for ozone alerts  /

/ in Los Angeles. .
i ~

/ Particulates Particulate matter is enormously widespread. In New York City,

dustfall levels as high as 30 tons per square mile per month were recorded

. in 1969. Dustfall tends to consist of relatively heavy particles that settle close

to their source. Fingr particles may be carried by air currents and settlé at

— great distances from their source. Aigborne particles can scatter sunlight,

reducing the amount of energy reaching the earth and provoking global

temperature decreases. Global atmospheric dust levels are rising and include
products from all phases of human activity. +* - ' :

Suitur oxldes Oxides of sulfur are emitted largely ffom man-made sources and
are primarily released as sulfur dioxide, which may be oxidized to sulfur
trioxide. The latter can combine with water vapor to form sulfuric acid mists *
that are highly corrosive to building materials; including stone- and marble. ’
When precipitated into water via rainfall, sulfur products increase acidity and :

can destroy aquatic life. . . ' _ S
Lead Lead enters the atmosphere largely from burnimg leaded gasoline. About

-65 percent of the lead in combusted gasoline is released into the atmosphere

and results in both local and distant fallout. It is estimated that the Northern

Hemisphere contains a thousandfold surplus of lead above and beyond natural \
base levels because of man’s contributions. - o -

" There are numerous other atmospheric pollutants, many Pf whose effects - / .
are still udknown. :For example, the combustion of spme plastic containers can - . 7
result in the formation” of totally new products, reacting chemically in’ the ' TS
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atmosphere in ways completely unknown to us and producing eflects that are
as yet undetected or at least uncertan. Polychlonnated biphenyls, used as
plastcizers 1in the manufacture of many products, are chemically similar (8
DDT and are also appeaning in the environment, ,

PESTICIDES

In recent years, man has come to rely alntost exclusively on a single means
of combating pests—chemical control. These pesticides have often been only
temporanly sugcessful in ehminating the pests while having serious long-range
side effects ony other plants and animals in the environment.

Many of the pesticides used are spraved in liquid form and vaporize into
the atmosphere. The atmosphere cleans iself through rainfall. Water-insoluble
pesticides will therefore remain in the atmosphere much longer, accumulating
and spreading. Pesticides can be removed from the atmosphere as a result of
their absorption on dust. This dust then falls to the earth’s surface through
setthng, rain, or snowfall. Dustfall in areas can be quite large, and the con-
centration of pesticides can therefore be vegy high. Rain running off the land
can wash the pesticides into rivers and streams, building up thé concentrations
In water,

Much of the controversy over pes(icides centers around DDT. Unlike many
organic materials, DDT has a relatively long life and is resistant to breakdown
by microbes, water. and sunlight. It may travel.considerable distances without
losing its toxicity. When a plant or animal containing DDT dies, the DDT is
returncd to the soil and is ready for recycling through other living things. DDT
1s often cancentrated in plants and in the fatty tissues of animals to a damaging
extent. As large animals feed on small animals, the DDT concentrafton builds
up. In lakes. for example. the DDT concentration in the sediments may be
. fairly low. The tiny invertebratgs in the area may have the DDT concentration
increased by 4 factor of 50. The concentration in the larger fish may be a
“thousand times higher. Gulls feeding on fish can exhibit concentrations a
million times higher. Man, who is close to the top of most bf these food chains,
receives DDT in concentrated forms. There arc few, if any, foods in the human .
diet free ﬁom DDT. Even mother’ s milk passes, some DDT (o infants.

There is kvidence that DDT has affected reproductian in certain birds. There
1s as yel ;{o evidence that man or other species will be affected in the same
way. But such ecological changes are difficult 1o predict.

The usefulness of DDT and most other pesticides is dnmmlshmg at lhc same
time that evidence of its destructive nature builds up. Manpy species of insect
_pests have built up a resistance to the pesticides. Most of the chemical com-
“'pounds thathave been developed to replace DDT have the same advantages
and disadvantages. Even the newer pesticides. which break down quickly after
application, can cause other ecological problems. Although work is conlinually
being done to develop the perfect pesticide, the problem really lies in our
overrehance on ponsons as opposed to nonchemical means of controlling pests.
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WATER POLLUTION

As man has increased in umber, so has his use of water. His industrialization
has led to increased amou nts of waste products, many of which cventually end
up in the wafer systems. These waste products are often complex mixtures of
4 | diverse substances. One tvay of describing the amount of wastes in water 15
- L to use certain collective d}amclcrislics. One qf these characteristics is the
' biochemical oxygen demand (B.O.D.). which is a measure of the dissolvcg~
oo - oxygen consumed in the biological processes that degratle organic matter
.. entering natural waters. Microscopic organisms ip natural waters aré able to )
T dcgradé"(*chgﬁica!ly break .dawn) a large amount of ‘wastes. but 4n doing sq” .
~ they use up oxygen from the water. The more wastes. that are dumped into
the water, the faster the oXygen is used up. This will theréfore affect the animal
life in the water, since animals depend on oxygen for survival, .
Chemicals are also often added to waters to poison un;vantcd'aquatic' plants
aftd algae. The-killed weeds eventually decay and add alditional nutrients to
the water. This enhances the growth of additional microorganisms and further
increases B.O.D. -7 ' T “
There are certain types of wastes that cannot be degraded by microorganisms.
Many pesticides fit this category, and, as we have seen, this ledis-to a buildup
of the chemicals in the waters andtheir plantand animal life. Detergents postd
a similar problem until a few years ago. They were originally. nonbiodegradable, *
and conscquently suds accumulated in abundance in some areas, affecting plant
and animal life. Manufacturers were able to make changes in the chemical
makeup of detergents, and now they are biodegradable. ‘

~ * 1

<

THE POPULATION ISSUE ' .

_ The world population is increasing at an enormously rapid rate. Most scientists
agrec with this statement. Views differ about Just what will happen if this
' ‘ ' growth rate continues and how the rate may be slowed down before a catastro- .
. phe occurs. '
Some people feel that starhtion will be the ultimate check on population
- growth. Not all students of population accept this conclusion, Some dismiss
~ the warning about food shortages as groundless. They argue that the world
is capable of producing enough nutrients to support many times the present
_population. Increased production will come from the utilization of areas not
now under cultivation, increases in the use of fertilizers, and-—most important—
¢ the development of synthetic foods. ' o
‘ . 'Our planet is overpopulated and. as a result, the human species is in the
gravest danger it has faced since man first appeared on the carth. The danger
is that we are running cut of space—not only space for people, but space in
which te-dispose of the waste products of our increasingly productive economy.
We spread 48 billion (rustproof) cans and 26 billion (nondegradable) bottles
‘ " over the landscape every year. We produce 365 million kilograms of trash a
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' day, a great deal of whnch ends up in our fields, parks, and forests. Only onc
third of the 500 illion kilograms of paper we usc every year is reclaimed.
Nine million cars, trucks. and buses are abandoned every year, and while’ many

- of then are used as scrap, u large though undetermined number are left to
disintegrate slowly in backyards, in fields and woods, and on" the sides of
highways. The almost four billion kilograms of plastics used cvcry year -are
nondc’gmdablc matenals. .

Thor Heyerdahl, who recently sailed from Africa to Barbados in a papyrus
boat reported that even the midocean was visibly polluted by human wastes—
plastic bottles, oil, garbage, etc. With this perspective, ovcrpopulauon 15 not
a problem for the future; it is here now, and the threat is greater for the rich
nations than if is for the poor. We are running out of clear strcams, pure air,
and the familiar sights of natpre while we still have the so- -called “essentials”
of lhife. : ‘

We are in trouble—not only the poor nations, but all of us. And not at somie
time in the future, but here and now—from ovcrcrowdmg and the rccklosg\
misuse of our resources.

Today’s media are full of information relating to pollution and conservation.
One can scarcely read a newspaper or magazing without encountering such
artigles. Radio and television ofter frequent “specials” on environmental prob-
lems. These are excellent sources for additional data and can be uséd when
the topics in this unit are studied. ' .

The literature is also a source of abundant information on environment. An -
excellent bibliography, which appeared recently, lists most of the current
writings related to environmiental problems. It is titled Science for Society: A
Bibliography by John A. Moore and may be obtained frée by writing to the
Battelle Memorial Institute, 501 King Street, Columbus, Ohio 43201. A short

list of references is given in the preface, for those wishing g general introduction
to the problems of environment. /&" /ﬂ

PREPARATION OF EQUIPMENT:

’ 1

Each chapter of the Teacher’s Edigons contains an cquipment list for that
chapter. The same 1s true for each&xcursion. In addition, the last page of each
\ chapter alerts you to preparatigfis necessary for the followmg chapter. Among ,
s the materials listed will be some items that must be supplied locally. ‘These
include friction matches for Chapter 2; baby-food jars and wax-coated milk
cartons or shoe boxes for the test-tube racks in Chapter 3; liquid detergent,
scissors, and paper towels for Chaptcr 4; fish tanks, coffec cans; and baby-food
jars for Chapter 5; safety matches, jar tids, cotton, wool cloth, picces of Styro-
foam, notebook paper, and cellophane tape for Chapter 6; soil mixture, rulers,
‘one- quart milk cartons, powdered or liquid -detergent, plammg containers;
paper towels, and rubber bands for. ‘Excursion 4-1.
Your,_biggest job of prcparauon "will be for lhc goldfish . .or mmnows m
Chaptcr 5. Details are given at the end of Chaptcr 4. All necessary arrangc-
ments should be madc well in advance of your receipt of the fish.-
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Foreword

A?)upi-l’s experiences between the ages of 11 and 16 probably shape his
ultimate view of science and of the natural world. During these years
most youngsters become more adept at thinking conceptually. Since
concepts are at the heart of science, this is the age at which most stu-
dents first gain the ability to study science in a really organized way.» : ,
ﬁ - " Here, 100, the commitment for or against science as an interest or a
vocation is often made. i - . ' ‘
: Paradoxrcally, the students -at this critical age have been the ones
least affected by the recent effort to produce new science instructional
materials. Despitt a f commendable efforts to improve the
. situation, the middle ycgs nd today as a comparatively weak link in
science education bgtween the rapldly changing elementary curriculum
H . and the regently rev) hized hlgh school ®ience courses. This volume '
_ and. its agcompanyl terials represent one attempt to provide a . \
. sound approach to instruction for this relatively uncharted level.
" At the outset the organizers of the ISCS Project decided that it
. would be shortsighted and unwise to try to fill the gap in middle
. school science education by simply writing another textbook. We chose
b instead to challenge some of thé most ﬁrmly ‘established concepts
about how to teach and just what science material can and should be
taught to adolescents. The ISCS staff have .fended to mistrust what
authorities believe about schools, teachers, children, and téaching until’ .
we have had the chance to test these assu%uons in actual classrooms .
with real children. As conflicts have arisen, Our policy has been to rely . _
more upon what we saw happening in the schools than upon. what . \
. authorities said could or would happen.’It is largely because f this
L policy.that the ISCS matenals represent a subslantxal departure fr’om
the norm. \ :
'The primary difference between the ISCS program and more con-

» - ventional approaches is the fact that.it. allows each student to travel v
' : £ - oo
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at his own pace, and it permits the scope and scquct)lgc of tnstruction
: to vary with his interests, abilities, and background. The 1SCS writers -
\ have systematically tried to give the student more of a role in deciding B
what he should study next and how soon he should study it. When the '
materials are used as intended, the I1SCS teacher- serves more as a
Mask caser” than a “task masteM” It is his job 10 help the student
answer the questions that arise from his own study rather than to try
to anticipate and package what the student needs to know, > ’
There is nothing radically new in the 1SCS approach to instructfon. .
Outstanding teachers from Socrates to Mark Hopkins have stressed the ey
- - need to personalize education. ISCS has tried to do something{ more , a
than pay lip service to this goal. ISCS’ major contribution has been to
design a system whereby an average teacher, operating under normal
constraints, in an ordinary classroom with ordinary children, can in-
w deed give maximum attention to each student’s progress. MEN
s The development of the 1ISCS material has been a group effort from .
' the outset. It began in 1962, whey outstanding educators met to decide -
o oo what might be done to improve middle-grade science teachirig. The
: ' ' ) recommendations of these conferences were converted into a tentative
~ plan for a set of instructional materials by a small group of Florida T
L ‘ - State University faculty members. Small-scale writing seséions con- ~
- ducted on the Florida State campus during 1964 and 1965 resulted in’
- pilot curriculum materials that were tested in selected Florida schools )
s . during the 1965-66 school year. All this preliminary work was-sup-, 1
ported by funds generously provided by-Fhe Florida State University. '
. InJune of 1966, financial support was provided by the United States
, " Offica of Education, and the preliminary effort was. formalized into
| the ISCS Project. Later, the National Science Foundation made sev-
y : eral additional grants in support of the ISCS effort. | . B
- The first draft of these materials was produced in 1968, during a
. ~ " summer writing conference. The conferees were scientists, science.
‘ . educators, and junior high school teachers drawn from all over the
o United States. -The. original matetials .have been revised three times |
prior to their publication in this volume. More than 150 writers have ' St
contributed to the materials, and more than 180,000 children; in 446 = ]

4 e

]

. states, have been involved in their field testing. L _ _
. We*sincerely hope that the teachers and students who will use this: Ly
- B " material will find that the great amount of time, money,"and effort - : e

' that has gone into its development has been worthwhile. . : -

.

. - Tallahassee, Florida The Directors . o
v February 1972 INTERMEDIATE SCIENCE CURRICULUM STUDY
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The word science means a lot of things. All of the meanings are “right,”
but none are complete. Science 1s many things and is hard 1o de-

«scribe in a few words.

We wrote this book to help you understand what science 1s and what
scientists do. We have chosen to show you these things instead of
describing them:with words. The book describes a series of things for
you to do and think about. We hope:that what you do will help you
learn a good deal about’nature and that you will get a feel for how
scientists lackle problems.

s

How is lhls book.- dlﬂer&nl from other textbooks? -

“This boqk is probably not like your other textbooks. To make any
‘sense out of it, you must work with objects and substances. You should

do the things described, think about them, and then answer any ques-
tions asked. Be sure you answer each question as you come to it. -
The questions in the book are very important. They are asked for
three reasons: ‘
1. To hclp you to think through what you see and do.
2. To let you know whether or not you understand what you’ve done.
3.-To give you a record of what ybu have done so that you can
' use it for review.

" How will your class be organized?

v

* Your science class wi]l probably be quite different from your other

classes. This book will let you start wotk with less help than usual
from your teacher. You should begin each day’s work where you left

off the day before. Any equnpmenl and suppllcs needed will be wait- -

ing for you. B R <
. ' : 1
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Your teacher will not read to you or tell you the ‘things that you are
to learn. Instead, he will help you and your classmates individually.-

Try to work ahead on your own. If you have trouble, firsi try to
solve the problem for yourself. Don't ask your teacher for help until
you really need it. Do not expect him to give you the answers to the:
questions in the book. Your teacher will try to help you find where
and how you went wrong, but he will not do your work for you.

Afier a few days, some of your classmates will be ahead of you and
others will not be as far along. This is the way the &ourse is suppased
to work. Remember, though, that there will be no prizes for finishing -
first. Work at whatever speed is best for you. Bur be sure you under-
stand what you have done before moving on.

Excursions are mentioned at several places. These spécial activities
are found at the back of the book. You may stop and do any excursion
that looks interesting or any that you feel will help you. (Some ex-
.cursions will help you do some of the activities in this book.) Some-
times, your teacher may ask you to do an excursiog, '

What am | expected to learn?

During the year, you will work very much as a scientist does. You
should learn a lot of worthwhilé information. More .important, we
hope that you will learn how to ask and apswer questions about
nature. Keep in mind that learning how to find ﬁgswers 10 questions is
Jjust as valuable as learning_the answers themselves. .t

Keep the big picture in mind, too. Each chapter builds on ideas
already dealt with, These ideas add up to some of the simple but
powerful concepts that are so imporiant in science. If you are given a
Student Record Book, do all YWikr writing in it. Do not write in this
book. Use your Record Book for making graphs, tables, and diagrams,
too.

From time t0' time you may notice that your'classtates have not
always given the same answers that you did. This is no cause for
worry. There are many right answers to some of the questions. And
in some casey"you may not be able to answer-the questions. As a-
matter of fact, no one knows the answers to some of them. This may
seem disappointing to you at first, but you will soon realize that there
is' much that science does not know. In this course, you will learn
some of the things we don’t know as well as what is known. Good luck! .

, , o
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cHAPTRR EMPHASIS }.

'EQU'PMENT' dd L Proper interaction between man and his en- :
i . ' None ) ] " vironmant Is critical for survival f
(. . ‘ .
‘ .} S - Excursion 1-1 is keyed to 1;113 chapter. ° ' _ i
5 i o o ' ! -
e ~ The Honorable Doctor Evic Robinson _ '
'@‘”& - Maleren Road, Staden isl. . ' - “
iy Sfockholm, Sweden - 10 April, 1351 '
1l IQ
“ e 5 We set sail from” Naples, Itnly, five days ago and are en » MAJOR POINTS )
"',, . > route \to Barcelona, Spain. Winds are light and the weather '
N , 1. Humap problems can be caused by misuse
w , " 1s good. So with time to spare, 1 shall undertake to keep MY . of the environment.
At ' promise_to you -and put my log notes in some order. Perhaps f-"EﬂTh Sfude::‘ should be led to face the.
; then you may make some sense of the horrible pestilence that - ;:J‘?sqau;i,&?;n problem defined? ..
S s - has demolished the people of Europe and stolen so many of b. How do | contribute to the polluflon '
problem?
’. '.‘J ’ our dearest ones.” - c. What can | do to help control polluﬂon? v
,a, r: When we' reached Marseilles, France, over three years ago = ' S
Lam ) “in late 1347 the plague had already arrived there. The peo- .
‘o ‘ple suspected it had cqgre by ship from Genoa. The Genoan 7
v okl ~ merchant rharine may have broyght the disease from Kaffa, a S AT
L"; " Genoan colony on the Black Sea. Kaffa had been besieged by - \ -
< B the Tartars. But the Tartars were finally forced to give up - ;
e bty re finally 8 | o
. o) the siege because so many of their forces were lost ‘to the pes- ‘ : : \ o
U '_ tilence. Before they departed, the Tartars catapulted bodies of . '
g N ; their dead- warriors into the city, hoping ta spread the death = | i
;. .JT' among the citizens. They believed the pestilence Fould be ;_:is chapter sets the stage for the whole unit.
LN 5 ocause no equipment is used, students may
? ‘\s: "a"sm'”“i fmm the dead to the llvmg : underestimate its importance. You may want
[ ) . N h h d 3
3.y It is believed that wher the Genoan sailors returned home, L‘L.n'i.v:gatze?n"inliﬁzsszfﬁc:ﬁh3?’1&'33?3’7& .
Hley brought the disease with them. It is also rumored that themselves. . .

. ;‘ﬁ' Fi

in addition to the disease, they brought a large number of
“black rats that had stowed away while their ships had been . _
docked at Kaffa. Upon reaching the port of.Genoa, the dis- N
ease and, of course, the" rats spread into the city. R o

v
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Soon the blzght spread to Marseilles. No one kneio how
for sure,perhaps. by ship again. Som&sald it was spread by : 1
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This letter describing the Black Death is used

to get the students thinking about human

problems. Don't let them get too concerned
with the details of the letter. Some of the
words may even be untamiliar‘ to them.
Remember that they are reading a letter that
supposedly was written more than 600 years
ago. and that includes many misconceptions,

-superstitions, and prejudices of the 14th

century.

A,

\\

2 CHAPTER i

the miasma, or poison cloud. Corrupted aiy, damp mists, hot
south winds have all been suspected of carrying the pestilence.
Earthquakes, fire pillars, and other mysterious occurrences are
considered by some to be the cause of the plague. While in
Venice, a few months ago, | heard that the Venetians had re-
ceived an omen of the coming plague. Just before the disease
appeared in the city, an earthquake occurred and the bells in
St. Mark's rang out without being touched by human hands.

As in Paris blame the catastrophe on the conjunc-
tion ofBaturn, Jupiter, and Mars in the house of Aquarius.
Other Parisians believed the pestilence to have been caused by
a ball of fire seen above the' city.

« I'm sure that you, with your scientific knowledge, will be
able to decide which, if any, of these explanations is best.
Whatever the cause, the people 1've seen all around Europe
seem resigned to their fate. They agree that the pestilence is
the will of God. They are sure their sins have brought thid
punishment spon them.

As you know, millions have died in the three years since
1347. 1 need not report the horrible nature of the disease.
You know it too well. But how it passes from person to per-
son i$ still a mystery. Some say it is by breath; others claim
only a look is necessary. Just by touch it spreads, according
to one theory Some even believe it is foul air bottled up in
vessels. It is said that these vessels are carried by evil men to
a place upwind from a city. Then their foul contents are ré>
leased and the fumes spread over the towh.

It is almost unbelievable how many have died the horrible
death of bursting boils and blistering fever. No one is certain
of the count. It is estimated that, within six months, Florence
lost 55,000 of its 90,000 inhabitants. The reports 1 have
heard from all over Italy suggest that up to 60% of the pop-
ulation perished. Apparently, the same horror abounded in
other countries. All in all, more than 30% of the population
of Europe have died. The heaviest toll reported is among the

¥

clergy—around 50%. Some monastertes have been completely

wiped out.

- But my promise was to help you chart the spread of the
plague. 1 have tabulated what figures, I could get in the en-
closed logs. All dates are approximate. The cities have been

-
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identified a‘(mrdfng to the six-month period during which the
disease fell upon the inhabitants. I trust this will help you in
your research. '

May God live with you each dﬁy.
Your friend and brother,

"~ Swen

+

The plague described briefly. in this letter is perhaps the
greatest environmental crisis gver to strike Europe. Later to
be called the Black Death, it originated in Asia. It was not
the only plague to strike. Theré were many before and several
to follow. However, the Black Death of the fourteenth cen-
tury took a dreadful toll. Nearly thirty million Europeans
died. . :

The log referred to in the letter follows in Table 1-1. As-

As a suggestion, you may want to have all
students number the seven date biocks in
Table 1-1 tfrom 1 through 7. Then they number
the cities In each block with the correspond- .
ing number. For instance, the Decembar 1347
block would be labeled 1. Then Genoa.
Marseilles, Messina, Naples, and Rome would
be labeled "1 on the map. All cities
numbered the same would be connected with

a smooth line. The ditierent lines could be
drawn in different coiors or as ditferent types
of lines (dashed, solid, etc.).

sume that you are the physician receiving these data. Use
the data to chart the movement of the Black Death across
Europe. (The names used in the log, as well as many in the
letter, have been modernized so that they are the ones most

familiar to you.) Table 1-1

Month New
and Year . Cities Affected

ay

Month New
and Ycar Cities Affected

Belfast, Bergen.
‘Berlin, Dresden,
Glasgow, Hamburg

Genoa, Marseilles,
Messina, Naples,

December, 1349
Rome. -

December, 1347

Angers, Belgrade, North of Bergen,
Bordeaux, Geneva, Copenhagen,
Madnd, Paris, Rostock, Warsaw

. Trieste, Venice . ,‘ «

South of Riga,
Stockholm,
North of Trondheim

June, 1348 June, 1350

Bristol, Budapest,
Lisbon, London,
Munich, Vienna,
Zurich /- ’

December, 1348 D‘ef:cmbcr, 1350

Cologne, Dublin,
Frankfurt, Liver-
pool, Krakow,

Norwic_?, Praguc

j .
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1-1 You may have to help some students in
drawing a baest-fit (smooth) line on the map
It done correcCtly, the series of hnes will 100k
Itke a wave moving across Europe.

Figure 1-1 ‘

Madrid

(11-1. For cach six-month interval, show hoé fay the plaguc

“had spread by sketching a line of best fit across the map

in Figure 1-1 of your Record Book. (Notice that a line has
already been drawn for the December 1347 information.)

<
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" The steady mdrch of the plague across Europe represented

A great catastrophe for the pcople. Many countries were  ~
overpopulated, and great ctop tailures had brought these o
natiot¥o their knees. Now- a killing blow was dealt by ~ You may want to engage In discussion with

. .. . o . ’ individuals or amall groups on tha information
. discasc. Fhe suffering people believed their folly and sin had . inar con be tgad from the completed map

‘ brought disasfer down upon them. And they were not entirely. Feorciso, What direction did the wave seem

' . . ~ . be headed? Whaere did it saem to originate?
wrong. Overpopulation in certain artas had produced over- . pidit seem to travel at 8 uniform speed? What-

, - Cctowded and unhealthy living conditions. Careless, piling of ~ might have speeded it up or slowad it down? )
. rubbish provided food for increasing numbers of rats and. ‘
. other ‘vermin. The -people had misused their environment.
They did not understand thht the environment cannot be
‘misused indcﬁni_'tely. L - o ‘ ,
Since the fourteenth century, man. has’learned to control . T~
- ‘the spread of the plague by using special drugs and vaccipes. , _ _
v :%wcv'cr, mah has muich to learn” about his environment. P T ;}
' ¢ is just beginning to see that his living habits can make ) '
. this world unsafe and unfit for life. This unit, Environmental o T
- Scienc¢, can help you better understand. how YOUr actions -~ Excursion 1-1 will probably be done by most
inﬂpcn_ce lh,é world in W_.hich you liVC. : o ‘ students. It Is general in nature.

If you'd like to find out more about the cause and effects

€

e . of the Blgcf( Death, do-Excursion 1-1, “A Real Killer.” It’s “.’):('ql J:L”f \r.) \" o
. P ol a goeod chance to see if you rémember how,to.plot data on  * : - o
N ‘ - a gnd and-How to read the graph, 0o, - o P "
. - . . , |
Before going on, do Self-Evaluation 1 In your Record Book. . - : »
. ) . . | . P‘ * Y

. , . - [ M
. GET IT READY NOW FOR CHAPTER 2.
Na extensive prepéraglons'"’are h'ecessary‘(m:..‘ £
oither the chapter or "the excursions.
However, the.goldfish for Chapter 5. may
" arrive at any time, and yoy should complete
all preparations as sogn as possiblg. See the’
teacher. notes at the end of Chapter 4 for

- detalls. Friction matches for Chapter' 2 must
be suppllgd locally.
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EQUIPMENT LIST
Per student-team

1 friction match
1 plece of sandpaper
! tump of modeling clay

s

Can You Match It?

Excursions 2-1 and 2-2 are keyed to this
chapter.

-

Most pcople believe they have little if any effect on what
happens in their surroundings. They think they have no
nfluence on anything. Are these people right, or wrong? You
can see for yourself. From the supply table, get the following:

I friction match .
I small piece of sandpaper -~
-1 lump of clay ® ' .

In a few minutes, you will observe the match as it burns.
But first, you-should prepare for your observations.

ACTIVITY 2-1. Stand the maich in the lump gf clay. Take a
close look at it even though you have seen matches many
times. ’

- \
CHAPTER EMPHASIS Lo

Organisms influence other organisms in their
environment.

[J2-1." As the match stands in the lump of clay, does it have
any effect on its surroundings?
A
- The stick part of the -fgictiQQn match is made of wood. Wax,
potassium chlorate, sulfur, and phosphorus make up the
hcad.\ & :

« §
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MAJOR POINTS

1. An object or an individual can affect its
environment by taking something away or by
adding something to the surroundings.

2. A simple thing like a burning nvatch
involves a chemical reaction that changes its
surroundings.

- Chapter 2

3. A system is a set of things that influence
“each other; the things that make up a system

are called components.

4. The output of one component of a system

may b& tha input for another component of

the system.

6. All living or nonliving things influence the
surroundings just by being there.

6. The total effect of many living or nonliving

things can be disastrous. ' '

7., Through photosynthesis, green plants take
¢arbon dioxide 'and some oxygen from the air
and release a greater amount ot oxygen to the
air. : .
. 8. Living things that can take energy directly
front the sun and store it as chemical energy
in their bodies are called producers.

9. Living things that depend on other living
things for energy are called consumers.

10, Organisms that produce chemical

products can be used by other living things

(hanges in waste materials so that the

are called gvcompaosers. *

11 i the environmegtal input-output batance

s upset, drastic results may occur.

-

N
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i 2-4. Possible answers may be that
(a) .heat and light were produced,
(b) material disappeared, or

G Raiviovtosmanige

8 CHAPTER 2
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(c) new substances were produced.

ACTIVITY 2-2_ Strike the match on the sandpaper and stand
the burning match once more in the lump of clay. Allow It to
burn as long\aa possible. You may need to shileld it from

drafts with your hand or a book. Observe It care'ully as it
bums.

{(J2-2. As the match burned, what changes, if any, did it
produce in the surroundings?

(J2-3. Did any of the changes you observed affect you in
any way?

The burning of a match is a very common occurrence. It
may appear to be unimportant, but is it really? Supposc you
look at it from a chemist’s point of view.

¢

- o f

| l:]2 4 What evidence do you have that chemical changcsv

were taking place as thc match bumcd? .

If you had trouble. with question 2-4, it may be because

‘you don’t recall what is meant by “chemical change.” The

following Checkup will help you decide whether you need
to study this idea before going ahead..

|
CHECKUP

¥

In your Record Book, place a chéck by the letter of each
statement that is correct.

*

1. During a chemical change,
a..starting materials called reactants are changcd to
new substances called products.
b. energy changes occur. .
C. temperature and concentration of reactants can
affect the rate of change.
d. a gas is always formed.

2. The ISCS particle modcl for matter includes the idea
that

"

t
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8. all matter is composed of particles called atoms.

b. there are about 1,000 different kinds of atoms.

C. ptoms may combine with each other and be held
gether by electrical forces. -

N d. neutral combinations of two or more atoms contain

¢qual amounts of positive and negative charge.

3. As a chemical reaction occurs,

8, atoms in reactants are destroyed.
; b; reactant- atoms are rearranged into new combina-
\ uons called products.

C. energy is nceded to overcome the forces holding
reactant atoms together. ’

Turn to page 99 in Excursion 2-1 to check your answers.

[J2-8. Recall the procedure you used when lighting the
match. What did you have to do?«
~ l ) ¥
As you know, the name given to the match you used is
“friction match.” If you remember your early work in ISCS,
you know something about friction.

(J2-6. What form of energy is associated with friction?

To get your match started, you had to warm it up. You
did this by striking (rubbing) it against a rough surface. This
friction produced heat. All the match needed was heat and
the oxygen‘\in the surrounding air:to get started.

[J2-7. What products resulted from the burning of the
match?

.

‘Suppose the entire match burned. A chemist’s simple

- : statement about the chemical change you've observed might
- ) be this:

MATCH + AIR + HEAT — ASH + SMOKE + ENERGY

You shpply heat by rubbing the match on the sandpaper.:
The heated substances in the match head combine with
oxygen from the air ' form new products. For example:

_'Pho_spho_rus + Oxygen — Phosphorus oxide
Sulfur + Oxygen — Sulfur oxide ‘

: e

-Excursion 21 Is a good remedial-review
exercise on the particle model! for matter The
checkup Is the mechanism for getting those
who need help into the' excursion.

L EXCURSION

2-7. Some students may indicate that carbon
dioxide,  among other products, was- pro-
duced. Othdrs may not be aware dthis. This
point is brought out on the next page. N

CHAPTER 2 9
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’ 2-9. The student should be able to observe
’ heat and light as forms of energy. From his
i knowledge of chemical reactions and
burning. he may jnter that chemical energy
was Involved.

L. -

' n Figure 2-1

v

N A RN U S TR

The ash that is produced during the burning is composed
mostly of carbon and other unburned solids. The ash is ‘the
remains of the match. The smoke is a combination of gases
and very tiny particles, of solids carried up by the hot gases.
One of the gases produced is carbon dioxide, a substance
you know a lot about if you studied Volume 2 of ISCS. The
wax and wood of the match contain Hydrogen, -in addition
to carbon. .

-[:]2-8. When hydrogcn (H) combines with oxygen (O), what

product 1s formed?

[J2-9. A very important product of the burning is energy.
What forrhs of energy did you observe during the burning?

You can sec that when a simple match burns, some very
complicated things. happen. In fact, a complete description
of all the changes would be very-complicated indeed. How-
ever, the important thing .is the fact that the burning match
changes its own surroundings. It does this in two basic ways.

First, the burning match' takes something away from its
surroundings. ]

e I . ) o , '.;{?"
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And second, the burning match adds things to its sur-
roundings. . '
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It helps to think of the match and. the surrounding air as
8 system. You may recall that a system is a set of things that
influence cach other. In other words, a system is a set of
things that have some effect on each other. ‘

_ N _
\ . The things that make up a systent arc called components.
‘ " The match and the surrounding air may be thought of as ’
(_ tf;e components of a system. Figure 2-4 illustrates what hap- -
- pens in)this system as the match burns. - ! '

¥ [

"

. As the match bums, it releases certain products into the
air. These products are its output. '

Dz-fﬁ. What is the 'mput'to the match from the air? ' ( CHAPTER
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Figure 2-5

2-11. This questioh points up tor the student
one qof the key ideas of environmental
science. Answers will vary, but most studants
should be able to see that they are removing
oxygen from the air and adding ocarbon

-dioxide and water vapor to the air. In addition,

the student is causing air to move, and is
heating it. Moreover, he ‘is influencing his
surroundings just by being there, taking up
space. N ‘ .

12 . CHAPTER 2
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The match’s total output includes all the products it gives
to its surpundings. Most of the match's output goes into the
surrounding air. This output of heat, gases, and solid particles
changes the surrounding "air. The air's input of ‘oxygen to
the match is necessary for it to burn. This inpu( causes great
changes in the match. Figure 2-5 illustrates the 1dea that
output for ong component is input for the other.

tdo.(-n A, “:.‘)_ ,.‘,»‘i.,,\s Spumie
[
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v 4 ¥ .
IR

In the first paragraph of this chapter, you were tol
most people believe they have no important influence on
their surroundings. Your activities have shown that something
as simple as a friction match can change its own environment
and, in turn, be changed itsélf. Do people match up? Do

* the effects of people and other living things on their sur-
roundings compare to those of a burning match? . .-

, [J2-11. Are you having any influence at this moment on your
surroundings?

*

-

Think of yourself and the surrounding air as components
of a system. Remember that components influence cach
other. Figure 2-6 of your Record Bbok Suggests that an ip-
‘put-output exchange is occurring between you and the air
right now. N e > o
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. disastrous for their su

(J2-12. In Figure 2-6 of your Record Book, list under the
proper heading those things being exchanged between you
and the air. Then have your teacher check your work before
going ahead.

As you take in oxygen from the air and release CO, and
heat, you produce important changes in your surroundingé.
You increase the temperature. You increase the amount of
CO, in the air around you, and you decrease the amount
of oxygen. These changes occur even when you sit quietly.
You really do influence your surroundings. But how can one
person’s effect be important?

[J2-13. Suppose everyone in your room struck one match

at the same time. Would the heat, smoke, and odor produced
make a noticeable change in the room?

The small effect that each person has on changing the

surroundings may at first seem unimportant, just as the effect -

of one match seems so small. But combining many small
effects cap produce gre\m changes in the environment. One
person all alone may have little eflect on his world. But the
total eflects of many_ persons living close together can be
L)%mundings. ‘

Living things have an important effect on their sur-
roundings. All creatures and plants have a set of input-output
needs. Each one must take in certain solids, liquids, and
gases. And each one must have the energy it needs to change
these raw materials into chemicals its bodyfcan use.

R . . T id.
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to initial & book when you chack it.

.Figure 2-6

<2-12. Note the instructions for your check
betfore the student proceeds. You may want

¥

a
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Figure 2-7
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2-14 and 2-15. These are leading questions.
Some students may know that, along with
other things, plants take in carbon dioxide
. W and give out oxygen. Animals take In oxygen
and give out &tarbon dioxide. The next saveral
pages will go into this more thoroughly.

hY

™

-t

' : - 14  CHAPTER 2

C)2-14. In your Record Book, list the things that each of the
living organisms shown in Figure 2-7 must take from its sur-
roundings in order to survive.

Corn Plant Rat “Bug” Fox
. oy

[J2-16. What output products would you predict for each
living organism in Figure 2-77

Corn Plant Rat “Bug” Fox

‘Each of the organisms in Figure 2-7 needs to take in. air,
water, and certain solid substances from its surrOundmgs The
solids taken in by the plant are usually dissolved in the water
that comes in through the plant roots. Each of the organisms
also produces certain waste products, which are output to

the. surroundmgs These Wwastes result from the chemical

changes mcurrmg within the organisms. The combined ac-
tivities of living organisms change the¢ environment. These
changes in the environment have their effect on the living
things. This constant interaction of environment and the life
it contains is illustrated in Flgurc 2-8

, "
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Figure 2-8
. v Living Organisms affect each other,.too. These effects may
g ' be indirect, or they may be direct. If one animal eats another, |
. he is certainly having a direct effect on that animal. Indirect . | T
| ‘ effects between living things are usually not so obvious. They - ) - o
generally involve input-output exchanges between some or- '
ganism and its surroundings. The resulting changes in the
| = surroundings then affect some other organism. Thus the in-

fluence of one organism on the other is indirect. See Fig-
ure 2-9. '
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2-16 Direct effacts might include the tollow-
Ing rat eats the corn, tox eats the Tat, corn
shades or hides both the rat and the fox.

2-17. indirect eftects might include these:
corn replenishes oxygen in the air for the rat
and fox: carbon dioxide trom the rat and fox
is used by the corn; waste products from the
rat and fox faertilire the corn.

Don’t try to teach the complicated process of
photosynthesis 10 the student The important
thing for the student to seeis the gross input-

output system of the green pilant without
focusing on details at this point.

S

"
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'(J2-16. What direct effects do you suspect the living things

in Figure 2-7 have on cach othe

&

(J2-17. What indirect effect§ de you suspect the organisms
in Figure 2-7 have on each other? -

Look at a specific example of a very important indirect
influence of one group of organisms on another. In addition
to supplying a source of solid food for some animals, green
plants also increcase the amount of oxygen in the air. When
light shines on” them, ‘a series of complicated chemical
changes occurs within green plants. This series of chemical
changes 1s called photosynthesis. During photosynthgsis, air
and water are taken in by the plant. Some oxygen and a
lot of carbon dioxide are removed from the air and used’
by the plant to supply its own needs. While photosynthesis
1s occurring, the plant produces more oxygen than it uses.
This excess is released to the atmosphere. |

" (J2-18. During photosynthesis, the output of grec'n' plants

increases the amount of what gas in the.surroundings?

[J2-19. During photosynthesis, the intake of green plants

» “decreases the amount of what gas in the surrounding air?
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(12-20. Complete the diagram in Figure 2-11 of your Record
Book by indicating the input-output gases exchanged be-
tween green plants, animals, and the atmosphere.

_ Yo
The indireet effect described in Figure 2-11 is very impor-

tant. Animals take oxygen from the atmosphete and release -
CO,. Plants take CO, and some oxygen from thé atmospherg -
and release large amounts of oxygen. Each kind of living -

organism (green plants and animals) helps supply the needs
of the other. The output of ¢ne becomes the input for the
other, and the system is in balance. '

(J2-21. What would happen to the surrounding atmosphere
if all green plants were suddenly destroyed?

(J2-22. What would happen to the surrounding atmosphere

if the number of animals needing oxygen were suddenly .

increased greatly?
As mentioned earlier, all living things must have energy

to change the raw materials they consume into chemicals
their bodies can use. Green plants get their energy directly
from the sun, Through_the process of photosynthesis, green
plants are able to trap light epergy from the sun. This energy
is-used by the plant to build the chemicals needed for growth.
These chemicals store some of the energy that came origi-
nally from the sun. Because green plants are able to take
~energy directly from the sun and store it in the chemicals
\ of their bodies, they are called producers.
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2-20. Strictly spepking, animals and plants

both take in air from the atmosphere. They
both use the componems that they need from
this air. Animals then give out a larger amount
of carbon dioxide, and plants a larger amount
of oxygen, than they took in.

Figure 2-11

2-21. The answer most likely is that the
carbon dioxide In the atmosphere would
Increase and the oxygen decrease. Not so
avident, and not to be expected from the
student, are the effects on water vapor and
the meteorological factors of temperature
modification and dust storms.

b
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_ Most animals cannot get the energy.they need directly from
the sun. They cannot carry out the process of-photosynthesis.
Animals must depend on getting the sun’s energy in one of
two indirect ways. They can eat green plants, or they can
eat other animals ‘that eat plants. Animals are called con-
sumers.

~N

[)2-23. The output of plants (oxygen) and the plants them-
selves benefit animals. What output of animals can be of”
benefit to.green plants? " ,
l ) et - . V .—’& > Y ’ %
n additioh to the CO, they release, the waste préducts
of the animals and their bodies when they die are beneficial
to ‘plants. But if plants. are to be able to use these .waste
i . . products, another kind of organism must be involved. Micro- .
2.24. It students have difficulty with this ' - R . - . . .
Inb-outpt dingram, refer them back 1 the - scopic organisms moslly bactcn.a in the soil and in the air
earlier examples (Figures 2-12, 2-11, 2-5). it CaR toduce chemical changes-in the waste materials, and
' may help to have them look at two compo-  dead bodies of animals and plants. The products of these
nents at a time, then another two, etc. For . T <.
, ce. what retationships are thers be- chemical' chariges can then be used by living plants. The

h producars and surroundings? be-  rhicroscopic organisms, a$ a group; are known as decomposers.
tween producers and consumers? betwes - . ‘ . _ :
s ~oundings and decomposers? Co

o . [2-2a. In your Record Book, sketch _an.ihpul-oiltp’uti dia-
18 . OMAPTER 2° - gram in which you illustrate how the components in the.
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. Betore 'golng” on, do Self-Evaluation 2 in your Record Book.

T Ll T R TR

system shown in Figure 2-13 influence each other. Show ull
the input-output relationships you éan thipk of, Remember,
#hese relationships may be direct, or they may ke indirect.

Each living thing affects its environment and thereby other
living things. If input-output effects are in balance, the envi-

ronmcr? is safe from damaging change. But if for. some
reason th

occur. .

) ‘ v
(J2-2s. What do you predict would hzxppcn if all plant con-
-Sumers in an area were suddenly killed? '

-

(J2-26. What would be likely to be the result of poisoning

all the decomposers in a given area? a

(J2-27. What would be the effect, in agiven area, of a
sudden increase in animals that consumed other animals?

Man hz}s affected the relationships between many of the
organisms in his environment. Sometimes he has done this
accidentally. At other times he has purposely: tried to change
natural balances. If you would like to learn more about one
sudly’ attcr'npt,r turn to Excursion 2-2, “Bounty Hunters,”

At the beginning of this chapter, you saw how even small
chinges in the environment are tmportant. They add up to
large effects. The effects of your own personal activities,

~though tlécy may seem small, are really quite important: The

living and nonliving world depends on an input-output bal-
ance. Man’s, activities ¢an eithér keep or destroy that balance.
Keeping things in balance is a tough job. Your activities are
part of man’s total effect on the environment. Therefore you
must accept part of the responsibility for keeping things in
balance. The following chapters will help you see what kinds

" of problems you and your surroundings face.

\

&

(M) S

»
-
> .
o . ~ .
-~
. 7
. I3 -
-

’ "
. . \

2

¢ inpyt-output balance is upset, drastic results may -

‘solution any more concentrated: it wilt
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Figure 2-13
e .

Excursion 2-2 is for general use. It examines
one of man's atteampts to affect the environ-
ment for his own penetil. Some students may
have difficulty with the mathematics involved.

/
L EXCURSION'

-

GET IT'READY NOW FOR CHAPTER 3

Each student or student-team will need a
number of items that are listed at the begin-
ning of the chapter. Among them are baby-
food jars, which must be supplied locally. i
yaqu have not built up a sup ly from your stu-
dents, do so now. You will also need test-tube
racks, which can be made from wax-coatad
milk cartons or shoe boxes. Students will
need a timing device if your room does not
have a wall clock. You need to prepare the
msthylene blue indicator sotution as follows:
add 0.1 gram of methylene blue crystals to
500 mi of water. It you do not have a centi-

gram balance, you will hqgoté measure 1
gram and visually take ,, of it. DBn’'t make the

Increase the length of time for reactions to
occur,

\ .
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EQUIPMENT LIST 3 test tubes 13 « 100 mm
| test-tube rack

Per student-team Watch or clock

1 plastic spoon

2 baby-food jars Per class

! temapoon of powdoered milk

1 teaapoon of dry yeast

2 §-ml air pistons

1 stirring rod

100 ml of methylene blue solulion in dropper
bottles

Test-tube brushes

Wax marking pencils

Water, Water Everywhere
...But. ..

Excursion 3-1 is keyed 1o this chapter.

. ‘.
could cavse \yphoxd feve

TCHAPTER EMPHASIS

Pollution of water by sewage affects the
amount of disgolvad oxygen ih the water and,
tn turn, affects organisms hving in the water.

Chapter 3

MAJOR POQINTS

1. Dacay organisms use the dead bodies and
waste output of other organisms as their
source of food.

2. In the process of decomposing waste,
decay organisms take in oxygen and release
carbon dioxide. :

3. The need for oxygen by living organisms
Is known as the biochemica! oxygen -demand
(B.0.D.). '

4. Increasing the input ot sewage in surtace
waters increases the B.O.D. of the decay
organisms by Increasing their population.

5. A decrease of oxygen in surface water can
seriously affect living things in the water.

This article shouid be of interesf to students,

of th
pollution.

4. 3 rret G nlvayant, &5
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and oz help. to point out the magnitude
lem of keeping our waters free ot
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Note that the student i3 being encouraged to
use the systems approach from Chapter 2 in
studying the input-output systems of lakes,
streams, and rivers.

AN \
o S:
BIOCHEMICAL OXYGEN
DEMAND
.

The term biodegradable will be introduced to
the student in the next chapter, so it is not
necessary to bring it up here. However, this
describes a large percentage of the sewage
that is being talked about in this chapter.
Microorganisms decompose or degrade these
wastes, and essential elements are returned
to the environment.

3-3 .and 3-4 ask for predictions that the
-student should-be ablé to make. Norma! pre-
dictions would be that increasing the tood

. supply of an organism would increase the size

of the population, and more organisms would
require more oxygen. The student will check
"his prediction to question 3-4 by an investi-
gation, but the prediction to 3-3 will not be
_ checked.

‘22 CHAPTER 3

In this chapier and the next two, you will investigate some
important changes that are taking place in our lakes, streams,
and rivers. Your job is to tind out how the nput-output
systems in these waters respond to these changes. A good
place to begin is by investigating the eflect of man’s output
on some of the smallestsliving things-—the microorganisms.

Almos{ all natural surface waters of the earth contain
bdtteria”and other microorganisms. As y8u know, decom-
posers, mostly microorganisms, usc the dead bodies and
waste oulput of other creutures as their source of food and
energy. As they do this, they take in oxygen from the sur-
roundings and release CO,

{13-1. Where do the microorganisms living in surface waters
get the oxygen they need to live?

Most living things must have some oxygen to live. Oxygen
is an important reactant in many of the chemical changes
that occur in the bodies of living things. Therefore, it is
essential that this gas be available in the water environment.
The need for oxygen by living things js known as the bio-
chemical oxygen demand (B.O.D.). v o

(J3-2. Which organisrhs that live in the water might be sup-
pliers of oxygen?

In the series of activities that follow, you will investigate
how the B.O.D. of microorganisms is affected by changes
in the water surrounding them. Then you may see that the
B.O.D., in turn, affects the water. .

As mentioned earlier, decay organisms feed on waste ma-
terial; therefore, sewage is a source of their food supply.
[]3-3. What effect do you predict increasing the food supply
of an organism will have on the size of the population of
thgt kind of-organism? :

(13-4. Suppose the amount of sewage being added o a river
“were increased. What effect do you predict this would have
on the B.O.D. of decay microorganismy?

. You could che¢ck your answer to question 3-4 by investi-
gating the effects of sewage on decay microorganisms. How-

i, .
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.
ever, rather than work with such an unpleasant material, you
can investigate a similar system that is more sanitary.

If you had Volume 2 of ISCS, you are already acquainted
with yeast, a microorganism that uses sugar as a source of
food. Yeast will represent the decay organisms in the river
water. Powdered milk contains sugar

and will represent the
sewage that is dumped into the river.

1

\

Yeast Is a single-celiad plant—a special kind
of fungt. It breaks down (degrades) tha sugar
molecules into alcohol and carbon dioxide.
Oxygen, If present, is used up in the process.

~—— My
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You will investigate how increasing the amount of sewage

(milk) affects the oxygen demand of the decay organisms

(yeast). To do this, you will need about 25 minutes and the
following materials: , :

1 plastic spoon

2 baby-food jars
1 level teaspoon of powdered milk

1 level teaspoon of dry yeast

| dropper bottle of methylene

racks are local supply items.

Remember that baby-food jars and test-tude

blue solution '

2 5-ml air pistons

| stirring rod

3 test tubes (all the same size with
capacity of at least 10 ml)

I test-tube rack

1 wax marking pencil

I watch or clock

.-J'\ &

Milk (powdered)

Baby-food jar

+

— 20 m| water

"

ACTIVITY 3-1. Prepare _é sdmple of milk by slowly stirring 1
level teaspoon of powdered milk into 20 ml of tap water in

a baby-food jar. Mark the jar with an “M.¥

<

pS

L
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ACTIVITY 3-2. Prepare a -avﬂlq of yeast by slowly stirring
1 level teaspoon of dry yeast into 20 mi of water and mixing
thoroughly. After a minute or so, stir the mixture again. Be
sure the yeast is well mixed and has not settied to the bottoQ
Label the jar “Y.” »

Clean glassware is vital in all these activities.

- Baby-tood jar

20 ml water : -

—

ACTIVITY 3-3. Use the marking pencil to number three clean
test tubes ‘1" through “3.”” These tubes should hold at least

10 mi of liquid.

*

S

AN

ACTIVITY 3-4. Using one 5-ml| air piston for water and dnother
5-ml alr piston for milk, add to the three test tubes the exact
amounts called for in Table 3-1. Stir each mixture thoroughly.

-

(J3-5., What is the total volume of liquid in each tube?’
[J3-6. Which tube has the highest concentration of milk?

[J8-7. Which tube has the lowest concentration of milk?

an indicator. Its blue color.ndicates the presence of dissolved

LS TRC eI WAL - . RPN
v‘ ‘_ @.,a. b, q 1\),, _ Lot 7 ‘__‘3' 1

oxygen gas. If methylene blue is added to a liquid containing
dissolved oxygen, and if the oxygen is then used up,a.}hC blue
indicator will become calorless. This is illustrated in ‘Figure
3-1. Notice that both tubes show a colored layer at the S\lrfg\‘
"of the liqud. . ‘

\‘Ht Y ﬂhqg\“ﬁ. m;f&w’
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The me‘thylenc blue solution you will ‘use next is called .
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Test Tube . Milk (ml) Water (ml) Concentration of Milk (%)
! 0.5 53 81%
: 2 .30 0 o\ sow . :
3 6.0 0 \ 100 % J A
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-

Figure 3-1 /

(J3-8. Why wquld methylene blue indicate that oxygen is ’| (?_ !
present at the surface of the liquid-in Figure 3-1? . 2

ACTIVITY 3-5. Add 20 drops of methylene blue solution to . — Methylene
each tube. Mix thoroughly. :(')"’Snon -

(J3-9. Does each of the three milk-methylene blue mixtures
contain dissolved oxygen?

- * “ You are about- ready to mix the milk (sewage) and the
yeast (decay) microorganisms to see what happens to the
B.O.D. The milk mixtures in tubes I, 2, and 3 represent
different concentrations of sewage. Look again at your answer
to question 3-4.

) . Question 3-8 is an interesting one. The blue
[)3-10. What do you predict will happcn to the blue color layer will remain on the surface after the color

. . . as disappeared in the body of the tube. This
n t_hc three tubes if the yeast uses up all the oxy_gen? E,.b,c,us, the oxygen from the air dissolves
' * In the upper layer of the mixture. Don't give

.[13-11. In which tube would you expect a change to occur it away. Let the students ponder and discuss
: - it. - '
first? .

3-11. They shouid expect the change in the

You are now ready to mix these with the microorganisms.  lube with the greatest concentration of milk
A ' .. R . to occur first it they predicted that an increase
Instead of adding the sewage 1o the yeast, it gasner to add  in tood supply (sewage) for the organisms

the yeast to the sewage. _
- .You will need about 20 minutes. to complete all your ob-
servations, - _ CHAPTER 3 25

would increase the B.O.D. in questioff 3-4.
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Note that you are called upo\n\g have a

sample tube prepared. This ¢can bs one in
which a milk solution and methylene blue
have been used, with no yeast. Thus it will
remain blue in color for comparison purposes.
It can be located in an easily observable place
and labeled as a sample. A second tube could
be prepared with milk, yeast, and methylene
blue for the colorlass sample.

3-14 Apparently the greater the concentra-
tion of milk (tood supply), the taster the
oxygenis used, Note, however, that students
have no way of knowing whether this was
. caused by an increase in the number of orga-
nisms or by increased activity ot the orga-
nisms present. )

CHAPTER 3
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ACTIVITY 3-6. Add 2 mi of yeast solution to the first test tube,
mixing thoroughly. Record in Table 3-2 the exact time the
mixing starts. Once the timing has begun, don’t disturb the
tube. Jostling It will Introduce air ipto the liquid.

While you are waiting, you should repeat this procedure for
the other two tubes. Be sure to record \Q starting times in
Table 3-2.

It may take several minutes for any change to occur.
Observe carefully,_Record the “Time of change” for each
tube when you see¢ that the blue color has disappeared from
all but the surface area. Note that because of the addition
of the milk-yeast mixture, the solution will not be colorless.
Take a look at the sample tube your teacher has prepared.
This will help you know when the liquids have lost all their

blue color.

Table 3-2 T '
Time for Change to Occur
Test Tihc of Time of Total Time -
Tube Mixing Change for Change
] :
2
3 .

(1J3-12. Was your prediction in question 3-10 correct?

(13-13. Did you predict correctly for question 3-11?

L 4

(13-14. ‘How do you account for the differences in time
required for the color changes to occur?-

The more food supplied to the microorganisms, the faster
the dissolved oxygen supply is used up. This is what you

. have observed. How do these observations apply to the decay

microorganisms in surface water?
[13-15. What effects would dumping large quantities of sew-
age into a river, stream, or lake be likely to have on the
amount of oxygen dissolved in the water?

B

~x

RN !




L. - - .‘_gs-\.‘v.vr;-g@%‘qd '

When the food supply of a populaton of orgamisms s
increased, the population usually increases. 1t the population

of an organism increases. the biochemical oxygen demand

of that population must atse incrense. These rclationships are
illustrated in Figure 3-2. ' e

[J3-16. What do you predict happens to the population of

decay microorganisms when sewage is dumped into their
environment? '

(J3-17. Predict whe effect an increase in decay microor-
ganisms would have upon their biochemical oxygen demand.

(13-18.-What effect. would increasing the B.O.D. of dne kind -

of orgapism population have on the populations of other
OXyggp-using organisms in the same environment? - &
AN

If sewage that is dumped into a lakc«\j)r_ river is 1o be
decomposed (reduced to smaller particles)rdecay organisms
must do if. In response to the input of sewage, the organisms
increase in number. How fast does the microorganism popu-
lation increase? _ o

Microorganisms reproduce by dividing. Each one divides
into two exactly like the first. ‘

Al
’

e

B T L [y w?' 2o, sﬂ-,“!.\';-q. TN

Food supply 9
B

Faod supply 9

3-18. Some may die, or leave the area if they (

can,
‘ p
G
AN
| y

4

If sufficient food and oxygen are available, some microor-
ganisms can divide as often as every 20 minutes.

(13-19. Suppose you had one such organism. After 40
minutes, how many would you have? After 20 minutes more,
how many would you have? -

(13-20. Suppose you started with one microofganism that
divides every 20 minutes. Suppose, also, each new organism
that is produced lives and is able to continue dividing, How
many of the organisms would there be in 2 hours?

'
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This rapid increase in population is an impor-
tant point in working with living things. The
student should have littie difficulty with the
first few “"doublings™ (question 3-1 9, 4 and 8;
question 3-20, 64). On {He next page, in
question 3-21, a 3-hour period will show an
increase to 512. But in another 3-hour period,
* the number will increase to over a quarter

miilion, and will pass the million mark during
the 7th hour.

CHAPTER 3 27
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number of organisms

i ' 1 2 3
! Hours

_ Flguro 33

‘\ 3-21. In 3 hours the population will increase
to 512, s0 the scale on the vertical axis must
allow for this On this scale. the first tew
doublings will be difficult to plot. This may
t bother some students.

Pad
.

" Problem Break 3-1

-

0 Without extensive equipmant and much time. -
{ - the student cannot see the increase in yeast
‘population by normal growth. But here he can™
- arbitrarily increase the population and note
' the eflect. Be sure that the amourit ot milk
(food) is held constant. "

e
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(1J3-21. In Figure 3-3 of your Record Book, sketch an ap-
proximate graph representing the population increase of the

microorganisms during a 3-bour period.

(L J3-22. How should the increase i an oxygen-using popula-
ton of microorganisms affect the amount of oxygen present
in an cnvironment?

From time to time in this unit you will be asked to do
Problem Breaks. These are problems for you to solve, without
much help from your book or your teacher. The problems
will usually help you to understand what you are studying
in the chapter. But that’s not their mdjor purposg. THey ale
designed to give you practice in problem solving, and in
setting up your own experiments. You should try every Prob-
lem Break—even the tough ones. And in most cases, you
should have your teacher approve your plan before trying

it. The first Problem Break in this unit is coming up next.

hatd

PROBLEM BREAK 3-1

Design an experiment to find out if increasing the amount
of yeast increases the amount of oxygen consumed. Let your
teacher review your plan before you begin the investigation. )
Record your‘&ap, results, and conclysions-in your Record
Book. '

Now let’s look at what you have found in this chapter.
A large input of sewage into surface water upsets the ihput—

-output balance. There 1s a rapid incre:i;e in the population

of microorganisms (Figure 3-3). As a result of this increase,
a great demand is placed on the available oxygen.
This makes it tough on other living things that need oxy- -
gen. Even the decay organisp$ begin to suffer as they use
up their oxygen supply. If they can, organisms will move
to a more favorable place. Of course, some organisms, such .
as rooted plamts and attached animals, are not able to move.
Decay microorgﬁﬁisms chemically decompose sewage and
other wastes. These organisms are very important. They help
keep the environment clean. And they are the primary means
whereby the chemical elements necessary for life can be
released from dead bodies and other wastes to the soil and
water. Figure 3-4 illustrates the role of decay organisms.
A%long as there isn’t an overabundance of waste materials

34
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. LIVING MATERIALS

in the water, the micfoorganisms can'dc’compose most of the

| - chemical compounds that te up the elements. However,

when an abundance of waste material is added to'their envi-
ronment, the microorganisms reproduce rapiflly. With the
increase in the population, the rate of decomposition in-
creascs. . This uses up the okygen in the water more rapidly.
This effect of sewage and other wastes on the biochemical

oxygen demand is very important. It accounts for the “oxygen
death” of many rivers and lakes. '

- articles for possible use in later chapters.

‘The pollution of our environment is recéivi}l_g worldwide -
- attention. You might want to collcévﬁeWSPapqr and magazine
“articles and pictures related to pollution_ problems.

could be used in preparing a display for your science foom.

In this chapter, you’ve investigated one kind of water pol- -
- lution. In the next two chapters, you will investigate addi-

tional examples. Before going on, however, you should be

. Sure you are familiar with the “water cycle.” To review this -
- importantidea, furn to Excursion 3-1, “A Drink of the'N ile.’

- Bdon ﬁolng on, -do Selt-Evaluation 3 in yo.w Record Book.

.‘,\
/

[ .

RN . Dissoive 1
You may want to start a bulldtin board display

on .pollution so that all can read. Save the -

hese

" Excursion 3-1 is for general use.

B EXCUBTION

LIVING MATERIALS

Figure 34

GET IT READY NOW FOR CHAPTER 4
You will need 1% and 5% detergent solutions,

al

and phenol red and methylene blye indicator

solutions. Prepare as follows: _
1. 1% detergent solution: Mix 1 m| of iGuid

* . detergent* with 99 m) of water. Label.

2. 5% detergent solution: Mix 5 mi of liquid -
 detergent* with 95 ml of water. Label.

3. Phenol red sotution: Use distilled water.
of sodium hydroxide pellots
(NaOH) In 1.00 m! of water. Labsl “NaOH
Stock.” In & separate container, dissgive 1 g
of phenol red in 200. mi of wgir<Label
“Phenol Red Stock.” To prqp?Q)t:?e phenol
red indicator as needed, add 4 rops of NaOM

.- stock to 20 mi of phendl red stock. Add water
o make 200 mi of the indicator solution.

Dispense from labeled dropping bottles. -

4. Methylene biue solution: See end of

Chapter 2,

*Note: Any brand of deterdeff will work, but-
avoid using those with enzymes. ’

CHAPTER 3~ 29
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2 ml methylena bilue solution
2 mi phono! red solution
Tape

EQUIPMENT LISY
Per student-team

4 plastic petri dishes with lids
1 paper towel
64 radish seads

Per Class

_ . Wax marking pencil )
10 m) of 1% datergent solution 1 100.mi plastic graduated cylinder
10 ml of 5% detergent solution Scissors

4 p'.ﬂl!c vials with hds ‘Madicine droppars

The Undesirables

Excursion 4-1 Is for general use apnd may be
done at home.

-You are very fortunate if you are the first human to use water

‘during -its most recent cycle on the earth. Most of us drink

water that has already been used by one or mote persons
upstream. Of course, the used water is usually safe because

it has passed through purification plants, However, as the
carth’s population increases, more and more water is used -

again and again during its journey to the sea. And it becomes
exceedingly difficult to remove undesirable chemicals from

water. In this chapter, you will investigate the effects of two’

substances that can be considered as undesirable—cleaning
agents and pesticides. Normally useful to man, these sub-
stances are most undesirable in surface water.

Up until the 1930’s, soaps were the principal cleaning
agents for home and industry. Then detergents were devel-
oped. They rapidly became very popular because they had
better sudsing properties than soap. Detergents were faster
acting and longer lasting. And detergents did not leave the
common “bathtub ring” so characteristic of soaps. Unfortu-
nately, the good cleaning features of detergents turned out
to be their poorest characteristics as far as surface water was
concerned, As detergents from millions of kitchen and bath-
room sinks and from thousands of factories and businesses
were dumped into surface waters, suds began to collect in
rivers, streams, and lakes. Because the detergents are so

long-lasting, sudsy water even flowed from taps in some

homes! Surely such contaminated water must affect living

organisms. Perhaps you would like (o see for yourself.
What do you predict will happen to seeds a farmer sows

if the water he uses to “‘get them going”™ (germinate them)

contains detergent wastes? Will the detergent affect the num- .

ber of seedlings that germinate? Will it affect the seedling’s
growth? : :

t':

CHAPTER EMPHASIS

Contaminants in water may Interfere with
germination and ‘growth of seedlings; some
may tend lo accumulate in living craatures in
Increasing amounts in the food web.

Chapter 4

MAJOR POINTS

1. Detergents in water Intertere with germi-
nation of seeds.

2. Greater concentrations of detergents have
a greater effect on growth. '

J. Chemicals that can be decomposed by
microorganisms are sald to be biodegradable.
4. NonbiodegraBable chemicals can accumu-
late in water supplies, and can increase in
concentration in succeeding steps of the food
web. . ) b

5. Nonblodegradabile pesticides can seriously .
affect spacles of fish and birds, as well as
larger animals. ’
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EQUIPMENT NOTE

The actlvities in the chapter call tor the dis-
pensing of varying amounts of solutions The
detergent solutions in the opening activity can
bg measured with the graduated cylinder. The
methylene blue and phenol red solutions in
Problem Break 4-1 can be measured in 1 mi
amounts by using medicine droppers The
following maethod ¢f handling could be used.
Place the solutiopis in stoppered botlles or
baby-lood jars with caps. Tape a test tube 10
the side of each bottle or jar. Put @ medicine
dropper in the test tube. The dropper should

" slay with the test tube and solution to avold

contamination. In dispensing, 20 drops equals
1 ml. This method could aiso be used for
adding water.

Note that these activities will take sevaral
days to complete. The covered petri dishes
should not present much of a space problem,
since they can be stacked. The seads do not
need light tfor germination. Be sure that
students initial and label ‘their dishes as di-
rected. o

+
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v 5%
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In the following activitics, you will'lryﬂlo answer thexc
questions. You will investigate the effect of detergent on the
germunaton and growth of seedlings. You and your partner
will need about 15 minutes to set up the mvestigation. Com-
pletion of the experiment will take several days. Rather than
wait for things to happen, you will be starting other activities
as soon as you get this first one going. Get the following
materials:

1 wax marking pencil

4 plastic petri dishes with lids

4 pieces of paper toweling cut to fit .
the bottom of the petri-dishes \ .

40 (approx.) radish seeds , }

10 ml-of 1% detergent solution (already prepgfed) ‘

1§ ml of 5% detergent solution (already prepared)
c

water

ACTIVITY 4-1. Be sure the petrl dlaMeJn.‘Then label
them as shown, using a wax marking pencil. Using an ordinary
pencil, put your Initials on each plece of towelinﬁ and place
ohe piece of towel in each dish.

Labels - ®
\

OO

ACTIVITY 4-2. Pour 10 mi of tap water into each of the “con-

. trol”” dishes. Pour 10 ml of the 5% detergent solution into the
dish marked ““5%.” (You are using two control dishes here
because you will need them both later.) Put 10 mi of the 1%
solution in the dish marked “1%.”

e : )
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ACTIVITY 4-3. Place ten radish seeds in each dish. Spread
them out as shown.

. ACTWVITY 4-4. Cover each dish with a taped-on lid and put
the dishes In a place provided by your teacher. Begin ygur
observaffons of the seeds during your next class period, as
/ Indicated In Activity 4-5.

If you have some time remaining in this class period, you
may begin the following problem break.

PROBLEM BREAK 4-1

Do chemical changes occur in a seed as it germmates" For
example, does it exchange gases with its envirodment? Here’s
how to find out. You will need the following materials:

2 doz. radish seeds 8 ml tap water
4 plastic vials with lids 2 ml phenol red
Z'ml methylene blue.

" Put about a dozen radish seeds into a plastic vial. Add
2 ml of tap water and 1 ml of methylene blue indicator.
Prepare a_control by putting 2 ml of 'water and 1 ml of
methylene blue indicator into another vial. Leave the seeds
out of the second vial. :

Repeat the same procedure with two more vials, but use
phcnol red indicator instead of methylene blue. (A change
in color of phcnol red to yellow can bhe used to mdxcate the's
presence of CO, gas.)

Note and record in. your Record Book the initial appear-
ance of each of the four vials. Set them aside in a designated
place until tomorrow. Then record your observations. ag‘hin
and provide a written explanation of the results Your-discus-
sion should include answers to the following quesnops

1 Do chemical changes occur in a seed as it germinates?
_ ~ 2. Do germinating radish seeds, absorb, .or releasé, 4C0,?

Y 3 Do germmatmg radish seeds absorb, or release, oxygcn"
y a7 ; P ) ‘ ] ‘[ﬁ

. . Ry ¢

Bl

—

o

PR

Radish seads

mMB

S0MLNOD

Initial appearance: 2 vials, decp blue: 2 vials.
red. After 24 hours, viais with seeds have

turned light blue and orapge respectivaly,
Note that oxygen was taken from the water
and carbon dioxide added to the water, so the

——L

bR

33.-

)

see’ds weye respiring. This is not the same ag
photosynthesis, where oxygen is given off and
carbon dioxide is taken in by the plant.

CHAPTER 4
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If 24 hours or more have passed since you did Activity

4-4, you- are ready to go ahcad with Activity 4-5 and to start

Table 4-].

% Germinated =

©

Be sure to record how many hours it has been
since you put the seeds in the vials.

o

Number of seeds germinated

Tota! numbar of seeds in dish

y
Students may be bothered by-the fact that

100% of the seeds in the two control dishes
do not germinate. You should polnt out that

even with the best possible conditions, all _

seeds are not always viable.

3 PR

ACTIVITY 4-5. Look at the dishes with the radish seeds. Do
not remove the covers. Record the percent germinated In
the space provided in Table 4-1 of your Record Book. Five
out of ten would be 50% germinated. (A seed has germinated
if you can see part of a root poking out of it). Don’t throw
the seedlings away! You'll observe them again and you may

" want to use lhem for Excursion 4-1.

Table 4-1 )
. | DISH C 19% 5%
Day Hours (Control): "Detergent Solution: Detergent Solution:
- Observed Elapsed % Germinated % Germinated % ‘Germinated
l .
2 .
3

A

\.
Note that in Table 4-1 and Table 4-2, more
than & day may elapse between setting up the
experiment and each of the three observa-

tions, because of weekends. This should
cause no difficulty, however, if the plapsed -

hours are filled in_-
’ N 3 R -

34 CHAPTER 4

[14-1. In Table 4-2 of your Record Book, describe the seed-
lings in each dish. Your dcscnpnon should answer questions

such as thcsc

~
4

). Are-the roots, “stems, and leaves visible or not?

Vsl

2. Have the leaves unfolded? . .
3. Are.theeaves yellowish, whitish, or grecn?

4. Are root hairs (tiny fuzzy growths) visible?

©

-
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. Dcscnpunn ol [\)cscnp(iun ol Descniption of
Day Sccdlmgs in . Seedlings i 1% Scedlings in 5%
Observed Control Dish Detergent Solution Dectergent Solution
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You Should keep the covers on the seed dishes so that the
water won’t evaporate. Observe them again each day for the
next two class periods. Record the data that is called for in
Tables 4-§ and 4-2.

~ In the meantime, check the results to Problem Break 4-1.
Then go ahead to Problem Breaks 4-2 and 4-3 wile you
are waiting for the completion of the seed-germination time.

A

PROBLEM BREAK 4.2 ,

You may have noticed the tiny root hairs on the roots of
the radish S%dlings. Find out what role these root hairs play
in the life of/a plant. Yourschool library probably has several
books and encyclopedias that can tell you more about plant
growth. Record yotr findings in your Record Book.

5

PROBLEM BREAK 4-3

-

Assume you live in a small town and you are the chairman
of the ]cily planning commission. A large detergent industry
i1s interested in locating a new plant there. The plant would
provide employment for 500 o 600 people. This would add
over $1,000,000 per year to the money spent in city stores
and for local services. In addition, it would mean tax money
for the community. If this company locates in your town,
other industries may, in turn, decide to do so. This could

" be the b‘egin;ling of major growth for your area. .

The company's president admits that the new plant may
cause some detergent pollution of a nearby river. He says,
however, that at this time his company could not spend more
than a few thousand dollars per year in trying" to eliminate
this pollution. '

Table 4-2
)

Encourage students to follow through on
reading in Problem Break 4-2. If there .is a
problem about students going to the iibrary,
you might consider having reference materi-
als in the classroom for their use For your
Information, most of the water is taken in by
the root hairs.

—
I'\\\;\"‘:\\ RSV

\\

Root hairs
S
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The amount of discussion called for here will
depend on the students in the group. If you

. see that a group 13 not getting far. you should
suggest an idea lo gat them going.

-, This serles of questions sums up the results
of Tables 4-1 and 4-2. The students should
find that the seads germinate quicker in water

. thanin either detergent solution. For instance.
inatypical case. 90% q!f the seeds germinated
in each of the two contiols in 24 hours. In the
same time interval, in the 1% detergent
solution 50% germinated. while none of the
geeds showed any activity in the 5% solution.
In addition, the roots were much larger Iin
plain water These differences continue with
longer time intervals By the time of the third
observation, the seeds in the control dishes
had roots over 3 cm long, heavy root haig,
growth and well-formed green leaves. The 1%
dish ‘'was 80% germinated._with short yeliow
roots and no ieaves or root hairs. There was
40% germination in the 5% dish.

R
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As chairman of the city_planners, you have tp vote for
or agmnst allowing the industry to locate in your town. Think
about the advantages and the disadvantages to your city.
What additional information would help you decide how to
vote? What will your vote be and why? Discuss your ideas
with some of your classmates.

You should now have completed your investigation of the
eflects of detergent.solution of the germinhation and growth
of seeds. Be sure you have completed Tables 4-1 and 4-2
before going ahead.

[ J4-2. Did cither the 1% or the 5% detergent solution seem
to inhibit (stow down) the germination of the radish seeds?

[[14-3. Was the germination of the seeds aflected by the

detergent? If so, in what way? .

[(J4-4. How many of the seeds in the 5% detergent solution
germinated? How many in the 1%? How many in the control?

LJ#s. Describe the differences in appearance and size (if
there are_any) between the control seedlings and those in
the 1% dpd 5% detergent solutions by the time of the third
observation. ‘ :

(J4-6. Wha{ would you expect to happen to a farmer’s crop
yield if the watrﬁewith which he irrigated his crops contained
about 1% detergent?
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AS a result of your investigation, you may have concluded
that the farmer could cxXpect a scantier crop of whatever he
had planted. You might also have concluded that the plants
that lived would be likely o be weak and undersized,

Perhaps you would like 10 learn more about how deter-
gents could affect crop growth. If so, turn to Excursion 4-1.
This is an excursion you can do at home if you wish. You
will need the control seedlings from Activity 4-5. You may
discard the other seeds. To avoid damaging the seedlings,
be sure 1o read the first two activity frames of this excursion

- now. '

The eflects on living things of chemical wastes from deter-
gents and from industrial and agricultural processes are very
important. These effects may be quite harmful, particularly
to organisms living in surface waters. These bad effects result
mainly from one of two characteristics of chemicals:

l. Some chemicals can be decomposed and used as a
source of food for one or more living organisms.

2. Some chemicals are not easily decomposed and accu-
mulate over a period of time. ’

"In Chapter 3 you found that certain microorganisms de-
compose chemical wastes. From this decomposition the decay
organism gets the food it needs. In addition, essential ele-
ments are returned to the environment for reuse by other
living organisms. o

Chemicals that can be decomposed by organisms are said
to be biodegradable.

Some of the chemicals from detergent wastes are a source
of food for small plant organisms called algae (AL jee).
Phosphate compounds are good examples. The presence of
“these detergent wastes in streams or lakes produces rapid
growth of these organisms. This increases their biochemical
oxygen demand. | ‘
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Excursion 4-1 uses the seedlings from the two
control dishes. Two additional papor towels
and a rubber band are needed to prepare the
seodlings if the excursion 1s o be done at
homae.

L EXCURSION'

&

It students have trouble with this word bio-
degradable, you may wan! to remind them
that the powdeted milk. which represented
sewage, fell into this category. The yeast
microorganisms degraded. or broke down,
parts of the milk into simpler substances.
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. : w (J4-7. What happens to the amount of oxygen available”

when the B.O.D. of an organism increases rapidly?

Fle-8. How are other oxygen-using oréﬂnisms afTfected?

- Figure 4-1 shows the result of dclérgcnl pollution of Lake
. . Michigan.

, A rapid growth of algae resulted from an abundance of
q detergent phosphates. The algae in the lake population in-
- creased so rapidly that dissolved oxygen in the water was
) , - used up. This Joss of oxygen killed the algae as well as other
i ~ living things. Algae and other dead animal and"plant matcrml
ff - ' Figure 42  were then washed up onshore.
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Even though the algae produced oy
¢ss of photosyuthens, they
feeding on algae w
could resupply. A

The second ettect of chemical wastes in surface waters is .
also an important one. Some compounds
by living organisms. They
Detergents can also be

gen (hmugh the proc-
and the mlcros(‘opic dccomposcrs
astes used Up more oxygen than the zllgac

v

are not decomposed T

are sard to be /mn/)/"()(1’(‘(1:/11(!(1[)/0.

sources of some nonbmdcgmdnblc

« chemicals. However, most nonbiodegradable chemic
from industrial and agricultural waste

gradable chemicals are not re

. pounds accumulate in surt

" and nivers.

als come
s. Because nonbiode-
adily decomposed, these com-
ace waters and in the mud of lakes

Figure 4-3

Growing plants antdShall animals may absorb these com-

pounds along with the nutrients they need. These chemicals .
) may then be passed on to large animals that feed on the , '
' plants and smaller animals.

e Nots that you are called upon to check the

students’ sketches in Question 4-9. The

. i . artwork may be crude, but the 1dea of a “'food

) (J4-9. Use the organisms shown in Figure 4-4 in a sketch '

chain” should show.
that illustrates how nonbiodegradable chemical wastes may
be passed from one hving thing to another.

Make your sketch in the Space provided in your Record:
Book. Have your teacher check your sketch.

Figure 4-4

M o
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[J4-10. What harm might result {from the accumulaton of *
. . nonbiodegradable chemical wastes in water supplies?
R .
In the late fall of 1960, large numbers of fish began dying
? along the southern portion of the Mississippt River. Since
] ‘ Yo that ume, millions of fish have died in similar situations. In
addition, birds of prey such as the osprey and certain other
_ fish-eating birds have decreased in number. The brown peli-
- L " can, the state bird of Louisiana, has disappeared from that
- - state’s shores. The eggs of fish-eating birds often have thin,
. Figure 4-5  soft shells. As a result, the young birds don’t hatch.
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Plankton
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Careful chemical analysis of the bodies of the dead fish
and birds has shown that quantities of chemical insecticides,
such as DDT, are present in them. It is now known that these
pest poisons (pesticides) have killed or weakened many mil-
lions of fish and birds. How does this happen?

Many pesticides are nonbiodegradable. They are carried

by water runofl’ into streams, lakes, nvers, and oceans. where
they may accumulate. These poisons may then be passed
along as one organism feeds on another. Figure 4-5 illustrates
what is commonly referred 10 as a _food web. 1t shows which
organisms serve as food input for other organisms.
(J4-11. The osprey and other preying animals suffer more
ill effects from nonbiodegradable chemicals than do the
plants and animals that they feed upon. How do you account
for this? (Figure 4-6 may help you answer this question. )

The amount of nonbiodegradable chemical stored in a
small plant or plant part is relatively small. But small animals
- may eat many plants. Thus, more nonbiodegradable chemical
gets stored in the small animal than in the plant. Lgrger
animals eat many smaller ones. Because of their larger diet,
larger quantities of nonbiodegradable chemicals are taken
in and concentrated in their bodies. Figure 4-7 shows the
relative buildup of the concentration of one nonbiode-
gradable chefitcat by the organisms of the food web shown
in Figure 4-5. This particular chemical is DDT. -
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4-11. The larger the animal, the more it eats
and the more chemicals concentrate in its

body.

Figure 4-6
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.t Figure 4-7  []4-12. The federal Food and Drug Administration has
i ‘ banned fish taken from certain rivers and lakes in the United
; States as unsafe for human consumption (not safe to eat).
k Explain why this action is necessary. ) -
5.5 -[J4-13. What animals, other than fish, are likely to transfer

' Problem Break 4-4 on the next page calls for pesticides to the-human body? ‘
student discussion on pesticides. You may o . . % N
have to suggest some ideas to get the [ }4-14. Do you and your family contribute to péSticide pol-

 discussion started. lution? If so, what car you do to reduce, or eliminate, this
' . 42  CHAPTER 4 contribution?
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PROBLEM BREAK 4-4 ,

You've just seen some data that show that nonbiode-
gradable chemicals can be very barmful 10 organisms that
are not pests. Because of this, some people think all pesucides
should be totally banncd. Others believe this would be dis-
astrous. They point cut that without pesticides the production
of needed crops 10 feed an already hungry world would be
greatly reduced. Discuss both sides of this argument with
your classmates. Then write a summary of the arguments for
and against banning pesticides.

PROBLEM BREAK 4-5

Plant fertilizers are not considered as poisons, yet they may
contribute to the death of a lake or stream. Should fertilizers

be banned tn areas where they contribute to water pollution?

List the arguments for and against the use of plant fertilizers
~such as phosphates and nitrates.
In this chapter you’ve seen how introducing nonbiode-
‘gradable” chemicals into surface waters can aflect living
things. Thesg eflects are the result of two basic characteristics
of chemicals (see points | and 2 on' page 37). The effects
do not end with just those organisms living in the water.
You've also been reminded of the effect some substances
have on the biological oxygen demand of plants and animals.
In both cases, man has produced environmental changes that
affect other living things, as well as himself. )

"In the next chapter, a different kind of man-made change
will be discussed. This ‘environmental change is due to heat.

' Before going on, do Self-Evaluation 4 In your Record Book.

.,!l_; s ataad R YRNE LT P _,_ {' OUW Qb o . i ety ‘on

GET IT READY NOW FOR CHAPTER

Extensive preparations need to be made for
handling the goldfish. You will nead at loast
two tanks to keep them in—an active tank and
a rest tank If you have three ar more sections
of students, it would be wise to use 3 tanks
instead of 2. Of course. if a reqular aquanum
is available, it will do fine as one of the tanks

. The use of rest tanks ensures that the same

fish will not be used over and aver. Students
procure their tish from the active tank and
return them to the rest tank. Fish should
remain In the rest tank at least an hour before
reuse. Capacity of a tank is about 10 fish per
gallon of water. If you need to'construct tanks.
use the bottom halves of gallon-sized plastic
jugs. Keep no more than 5 fish in each jug.
and use as many jugs as necessary for your
#sh population. Keep storage tanks out ot
direct sunlight and be sure that al! containers
(Jugs, baby-food jars. beakers) are clean.
Handle fish with the dip net.

When the fish arrive, they will probably be in
plastic bags in a special solution Thay need
to be put into fresh water, but before this is
done.. the temperatures must be equalized.
Simply put the plastic bag. still sealed, into the
water In your tank and let it stay for at least
one-half hour. Then, using the dip net,
transfer the fish from the bag to the tank. Do

* not add the sojution from the bag 1o the tank.

You may use lap water for the tanks, but be

sure to let it stand overnight betore using. If .

your tap water Is heavily chlorinated, ‘obtain
Anti-chlor from a pet shop.

it your tanks do not have aerators, the water
should be changeld daily, but guard against
large temperature changes. Feeding time is
once a day, so feeding and water-changing
can be done together. Move the fish to a
freshwater container at the same tempera-
ture. Add plenty of food and let them feed for
one-half hour. While they are feeding, empty,
clean, and rinse their permanent hombs.
Replenish the tanks with fresh water (remem-

‘ber earlier instructions) and return the fish to

them. Efodea can be procured from a pet
store to be placed in the tanks. It will help
supply oxygen. Other fish can be used if they
are readily available in streams In your area.

- Figure 4-8

They must be large enough so that respiration
can be observed. .

Stydent assistants can take over the task of
fish care. However, you should provide inftial
instruction. i
Each student-team will need 2 containers
(coffee cans or large beakers), 3 baby-food

CHAPTER 4 43

jars, a test-tube rack and a watch. that must
be supplied locally. Be sure to make provi-
sions for the safe filling and. handiing of the
alcohol burners.
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,  EQUIPMENT LIST

Per student-team

! thermometer

} Jeaspoon of dry yeast

| teaspoon of powdered milk

2 §-ml air pistons .
3J test tubes

1 test-tube rack

1 stirring rod

1 plastic spoon

1 250-m! beaker

Getting All Steamed Up

In addition to the equipment list abgwe. be
sure to provide adequate facilittes for the fish.
See the teacher notes at the end of Chapter
4 for details.

2 coffee cana or large beakers
1 sicoho! burner

1 burner stand

1 timer with second hand

3 baby-food jars

1 goldfish or minnow

Therd™ are no excursions qugd/t_o this
chapter. "

Increasing the concentration of reactants increases the. speed
of a chemical change. In Chapter 3 you saw how thig#ippens
within the earth’s surfate waters. You found that af™ncrease
in the amount of sewage in the water increases” the rate of
reproduction of microorganisms. As a result, the rate at which
oxygen is removed from the water increases. You saw some
of the results that this could have on life in the water.
Perhaps you remember another factor that influences the
rate at which chemical reactions occur. If you've studied
Volume 2 of ISCS, you may recall that temperature also
influences reaction rates. '

J5-1. In what way does temperature aflect the rate of a
chemical change?

' /) As you know, man adds heat to his surroundings from his
< body and from his fires. Though this added heat may at first
not seem important, it really is. For example, huge quantities

of water must be heated to steam each day to produce elec-

TR . tricity. This water is taken from- great rivers and lakes. After
' the water has been heated to steam and then used to drive
turbine generators, it cools a bit and changes back to hquid
water. This hot liquid is then pumped through an outlet pipe
pack into the river or lake from which it came.

This large quantity of heated water dumped into lake,
river, or ocean may be free of chemical pollutants, However,
because it i still hot, the temperature of the water near the
power plant outlet can be raised several degrees Celsius
above the normal temperature. What effect would this, heat:
ing of the surface water have on animals and plants?
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Per class

Wax marking psencils
Methylene blue solution
Golidtish tood

Dip net

Chapier 5

CHAPTER EMPHASIS

. »
Increasing the temperature of the environ-

ment affects both the activity of living orga-
nisms and the amount of available oxygen.

r

MAJOR POINTS

1. Temperature influences the rate of a
chemical reaction. '

2. Living organisms use oxygen faster at
higher temperatures.

3. Breathing movements of a fish can be used
as an indicator of oxygen consumption.

4. A fish is classified as cold-blooded. 1n
comparison with a mammal, which is warm-
blooded. . .

5. There ara teniperatures above which tish
and other living things will die.

8. This critical temperature varies for different

7. Less oxygen will dissolve in water at higher
temperatures. )
8. Heat buildup in water Is callad thermal
pollution. )

45
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In the following activity you will. be given a chance to
collect the data necessary to answer that question. Goldfish,
- or minnows, will be the cxperimental animals you will use, .
You will test the effect that mild heat has on them. '
Working with a partner, you will need about 30 minutes
and the following: materials:

_ 2 containers (coffee cans or lmgc beakers)
I alcohol burner

" "1 burner stand - . ..
Some teachers have l0und that Gambusia I imer, or watch with SCCQﬂd hand o
(mosquito 1ish) can be substituted for the 1 baby-food jar and hd :
goldtish with marked success These seem lo- - ] ldfish - : ) : .
- Survive much better under aimost any condi- } poldiishror minnow ) Y
tlons_ and require very little care. 1 dipnet , d

I thermometer. =~ ' : ' .

Caution I1 is extremely nnporram that you use only clean
. _ ' glassware w hen workmg with diving things. Contaminated’
equipment can mean certain death for your fish. To be sure
- your glassware is clean, wash it thoroughly with water before e _ -
you begin the activities. Do not use soap or dctergems Also,
- 300 ml thp water . " pay very close attention 10" the instructions in ench activity.

This w:Hi))e a matter of Ll/c and Death~f0r the ﬁsh

ACTIVITY 5-1, Place about 300 mi of Iap water in each of two o
. containers. Lahel the contdiners ‘A" and 8.}’ C
N 3 . - 4 ) 5,

b

(ACTIVITY 5-2_ Fill a baby-fobd jar pimost to the very top with
+ water from the fish tank, Using a dip net, add one fish from

P

: © the “ready” tank to the jar. Cap the jar. and place]t in con-
' . talner A - _ Lo
You may have to monitor the water level in o . . R
your “‘ready” tank if a number of students ) ]
remove walter in the baby-food jars. Be sure . .
] . to replace it with water that has been properly )
_ prepared. o .
; R A,
i - * -
‘ ' . Baby-food jar — ~— . >
: - Water from fish tank
R 46 CHAPTER 5
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ACTIVITY 5-3. Atter a few minutes, record in Table 5-1 the

temperature of the water in container A. Then determine the

relative activity of the fish by counting the number of broathlng

movements (opening and closing of the mouth or gilis) that

. Uoccurin 20 seconds. ano your partner time you as you count.
Take at least. three complete 20-second counts and find the
average. Record all measuremaents in Table, 5-1. Be patient—
your fist¥inay move about and interrupt your cougting. If so,
start your count over again. -

There colld be a danger of heating the water
too much R Aglivity 5-4 You might want to 2
suggest that, as an afternative method, the
water in contaiper B lirst be heated to 35°C

Count X

s T without g Tish jar insit. Théa the baby-food ’ Count Y
Jar with the fish in It can be placed in the Count Z
warm water afer its removal trom the stand. :
Thia could save some lish. s
. ) Average = 3 [X + Y + Z
Table 51 S . e | .
Con;- Temper- Activity - ?(vemgc . 'Other _
- tainér aturc ’ (respiration for 20 sec.) Count |, . Observations .
: t Ll
P L
A 2, . N
‘ — - . 3.‘ P, , . R . -
n * \\ '
B W2 ¢ ! 3
- | . 3 , )
%
’ ACTIVITY 5-4. Place the jar with the fish into container B. Heat . v
- the contal d its contents. When the water Is 35°C (no ‘

’ B hoﬂer) r moye the burper. ‘..\ Thermometer>
- . Fo~ -

v

.
-
. y v -
N I NS EEEaERE N

|~ 35°C

s
.

Stop heating
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1 Be caretul of the sydden chang tempera-‘*’
i ture in returning fish torthe respftank. A good

procedure wouid be to rémovd the cap from

the jar #d then place the jar into the rest
tank, where the temperatures could equalize.
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T 48  CHAPTER 5 change? . some students will say thaf the activity will
g 'Y 4‘. 5-5. Student should predlcl that the fish's mcrease They have a feeling that cooler
H temperature would decrease. Of .course. its ten( atures make all living orgamisms more
'y activity should decrease also. Surprisingly, enefQtic.
1 . .
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ACTIVITY 5-5. Now, determine the activity of the fish as you
did In Activity 5-3. Record in Table 5-1.these data and any
other observations you make of the behavior of the tish. Again,
be patient in observing your fish. it may take a while to get
three 20-second counts.

A
Being cold-blooded animals, fish are well-
suited to an aquatic environment Water
temperatures generally change very gradually
and the fish are not required to make sudden
adaptations. If vapid changes do occur,
however, the fish must move or die. This is
a good reason for avoiding sharp changes in
temperature with your goldfish. They tannot -
move to another location. "

°

When you have completed the ‘activity, put the fish into

thg “rest” tahk so that another student won’t use it right away.
[ S . . ’ .

E;S-z. 'How did the breathing rate of the fish in warm water
compare to that of the fish in the cooler water?

_®

-~

[15-3. ‘Did the fish seem more active in the warmer, or in

the cooler, watct@. . - . .

A fish is cold-blooded, which means that its body tempera-
ture adjusts to the same temperature as that of the sur-
roundings. A warm-blooded anmimal 1s one whose body tem-
perature stays about the same even when the temperature
of the surroundings changes. |

~

[15-a. Would you- be class:hed as. warm- blooded or cold-
blooded?

.7 \.
[Js-s. Suppose an ocean sunfish had been swimming north .
from Florida. staying in the warm Gulf Stream. And su pose

1t entered the much colder water near the Maine coast. What
do you predict would be the eﬂec( of the tolder water ory/
the fish’s temperature? How would the\ﬁilj s activity probably
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Your observations probably showed that a fish is affected
by changes in temperature. Increased breathing rate and
greater activity result from increased temperature:

(18-8. What do you predict would happen to the breathing
rate if your fish were gradually cooled to a low temperature?

OPTDONAL ACTIVITY. You may want to find out whethor your
answer to question 5-6 is correct. I so, you should get your
teacher’s approval of your plan-

/

It the stydent elects to do the ONnal activity,
bs sure that the plan you approve includes
clean glassware and a gradual temperature
decrease. "K

What do you predict would be the effect on fish other than .

goldfish or minnows of being placed in warm water? Would
they react as your fish did? The answer is generally Yes.
However, some fiskr are much more sensitive than others to
tncreases in temperature. Examine Figure 5-1.

Flgurc 5-1 shows the range of temperatures preferred by

vartous fish. It also shows the thermal death poml (tempera- q .
ture at which they will die) for these fish. You examined the

breathing rate of goldfish at 35°C. Eight degrees warmer, a

-and your ﬁsh could have died. Figure 5-1 \
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5-8 Goldtish can live in water at room tem;
! perature. brook trout would -have to be kopt
in colder water.

Alt the animals in Table 5-2 are cold-blooded.
In order to survive. they would have to move
The fish might have litle difficuity doing so.
t with the hermit crabs, it might be harder The
anemone population could be wiped out in
any casg the local balance of nture would
N ve at!ec?od All the varisties of lite in watar
! sarve as support in pne way or another for
Nt bther living things.

ﬂ’. l;“..j -w' '«_‘_l‘- -‘ a ._ 7,_-,- {‘ 7.‘ i ,"\1; 4“ .’,r" __';.

i . s N .

i ]5-7. Judgimg from Figure 5-1. what do you predict would
have happencd to a greenfish ff you had heated its sur-
roundimgs 1o 35°C?

(L15-8. In tcrms of temperature ¢ffects, why do you think
goldish make better pets than do brook trout?

You should be getting an 1dea of why adding heat energy
to rivers, lakes. bays, and streams can present real problems
for fish. But what about other aquauc (water) animals? The
next’problem break will give you a clue.

"PROBLEM BREAK 5-1

A junior high student in California studied the effect of
increased temperatyre on sal(wmq{ animals. The survival

i tume of the animals was determined for different water tem-
peratures. Table 5-2 contains the data.
. a Coastal waters near power plants may be up to 12°C
\ warmer than the normal 9°-12°C range given in Fable 5-2.
'y Under such conditions, some of the animals would surely
- . die. What would these animals have to do to survive? How
{ would this upset the Igcal balance of nature? Discuss your
5 ideas with your classmates; then-enter your conclusions in
: your Record Book. ‘
' Table 5-2
. ,
i % ;
’ Water JE‘W _
- 'l'gn)pcralllrc o ] Hermit ]
, Group (°C) Blennies . | o Crabs Anemoncs
; . ‘ . I . S
l . (control) 9-12 All lived throughout the experiment. S
B 1 15 All lived two or three days.
111 18 3-hr. 3+ hr Shr. |' 5+ hr
v 21 1-2 hr. 1-2 hr. ! hr. 5+ hr.
vt 24 0.5hr. | 0S5 hr o¢hr | 54 hr
! Vi 27 0.25 hr. 0.5 hr. 0.5 hr. 3 hr.
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. You have seen data showing that fish cannot survive in
water above a certain temperature. The data in Table 5-2
also showed that other aquatic animals are sensitive to tem-
perature changes. Actually, all amimals are “temperature
. sensitive.” Man is certainly no exception. He prefers a con-
i stant temperature of about 20-25°C. This is why he uses
4 heaters in the winter and air conditioners in the summer.
You probably recall that increased temperature increases
the rate of chemical reactions. If you studied Volume 2 of
- ISCS, you also know that chemical reactions occur within
living organisms.. -

H [J8-9. How would the chemical reactions inside the fish be
! affected by increased water temperature?

To check your answer to question 5-9, you will need to
do another investugation. You should try to find out if in-
creased Jemperature affects the rate at which a living orga- .
nism uses oxygen. Instead of using a fish, you will again use
the microorganism yeast. You can follow a procedure similar
to one you used in Chapter 3.

You and a partner will need ‘about 20 minutes and" the ‘
following materials:

Dry yeast
Powdered milk~
1 dropper bottle of melhﬁene blue solution
2 5-ml air pistons -
3 test tubes (all the same size with capacity of at least 10
ml)

1 test-tube rack - -
lsstirrifg rod , . -t e
I plastic spoon |
I 250-ml beaker

1 burner stand

1 alcohol burner
2 baby-food jars
I timer or watch
1 thermometer
I wax marking pencil

EHAPTER 5 51




ACTIVITY 5-6. Bagin heating a 250-m! beaker half filled with
water. You may then go on to the next activity, but keep an
eye on the beaker. When the water |empera|ure is at 40°C,
remove the burner.

A

ACTIVITY 5-7. Prepare a sample of milk by addlng = level
teaspoon of powdered milk to 20 m! of water in a baby food
jar. Mix thoroughly. '

ACTIVITY 5-8. Prepare a sample of yeast solution by adding

> level teaspoon of yeast to 10 ml of water in the other baby-
1ood jar. Mix thoroughly.

oo
------------

@) @) (S] ACTIVITY 5-9. Place three labeled test tubes In your test-tube
1112113 rack.

. e . _
L W PIRT SR ABALIT ST PO SR PR




3 ml milk and
20 drops of
mathylone blua

ACTIVITY 5-10. Using the 5-m! air piston, add 3 mi of milk

solution to test tubes 1 and 2. Rinse the air piston and add solution
-~ 5 ml of water to test tube 3. Then add 20 drops of methylene //
blue indicator to each test tube. Stir each mixture.

C
| R
| | {H I
| - D —

ACTIVITY 5-11. If the water in your beaker is al about 40°C,  Add2 ml of

. yeast solution.
you are ready to proceed. Using a rinsed air piston, transter A
2 ml of yéast solution to test tubes 1 and 2. Stir each. Go

‘ quickly to the next activity.

ACTIVITY 5-12. Quickly put test tubes 2 and 3 into the beaker
of warm water. Record the time in both rows of Table 5-3.

Warm (35°-40°)

CHAPTER 5 S53-
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As in Chapter 3, YQu can expect a blye ring
to remain at the top of tubes 1 and 2 becayse
of contact with the air And. of course. there
will ke no 1oss of colpr n control tube 3, so
students may have o be warned not 1o
continue watching it

Table 5-3

Observe each tube carefully. Watch for
changc (decolornzanon) 1n all thre
the ume in Table 5-3.

4 complete color
¢ tubés. If 1t occurs, record

Total
Test y Stnrung ~Time When Time for
Tube Tcmpéra(urc Time from Color Decolorization
No. (Cc*) Actvity 5-12 Disappears (minutes)
yin
1 Room temper-
aure (24.26%)
2 Warm (35-40°)
| Warm (35-40°)

W)

Table 5-3. Test tube # 1 should change to
colorless in 12-15 minutes. Test tube 2
should require about half as long (6-8 min-
utes). Test tube # 3 does rot change.

5-10. An increase in temperature increases
the rate of reaction—that i8, the yeast use up
the oxygen faster at a higher temperature. In
addition, the factor discussed on the next
page enters into the situation.

54 CHAPTER 5
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_— water?

(.15-10. Did the time for decolorizati
2 vary with the temperature? Why?

[115-11. Did increasin
which oxygen was us

on in test tubes 1 and

g the lemperature increase the rate at-
ed up by the yeast?

((15-12. Test tube 3 was used for w

(15-13. Did heating
blue?

hat purpose?

alone, change the color of methylene

[J5-14. Were the rates of the chemic

al changes in the yeast
bodies affected by an increase in

the temperature of the

[15-15. Is it reasonable 10 assume that

L the rates of chemi-
cal changes in a fish's body would increase with increased
temperature?

N v

Living organisms use more. dissolved oxygen when the
temperature increases. This could account for the more rapid
decolorization that occurred with the yeast in warmer water.
However, there is another reason that decolorizafion occurred

more rapidly in the heated water. Table 5-4 should give you
a clue. : ‘

1




‘. Sy, Y
R |‘3_":"\5‘l""

Amount of Oxygen Gas That
Temperature Will Dissolve 1o Water
°C (gm/ 100 ml
0 o 0.0069
10 0.0054
20 0.0043 .
30 0.0036
40 0.0031
50 ° 0.0027
60 0.0023
70 0.0019 %
80 0.0014
%0 - . 0.000S
T 100 - 0.0000-"

L]

(15-16. Living organisms use moro oxygen in warm water
than in cold. According to the datg in Table 5-4, what other
Factor causes the oxygen supply to be used up more rapidly
in warm water than in cold? '
Increasing the temperature of surface water increases the
biochemical oxygen demand of living things. It also decreases
the amount of dissolved oxygen. -

[18-17. If an aquatic animal required a lot.of oxygen, would
~ you expect to find him living in cold, or warm, water? Why?

(J5-18. Where would you expect to find more life, in warm
'or in cold wz?pr'."Explain your angwer.

[15-19. Wha effects do you predict heat pollution would
have on living organisms in surface waters?-

[3

-~
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Table 5-4

The decrease in dissolved carbon dioxide in
water as the temperature increases is even
more dramatic than that for oxygen. Conse-
quently, aquatic plants are greatly affected by
thermal poliution. You probably have @pticed
this effect as a carbonated soft drink sifs on
the table and gradually warms up. Bubbles of
carbon dioxide are released in incroéslng
numbers.

5-17. In cold water. because more oxygen

- can dissolve in cold water than in warm water.

5-18. In cold water, for the same reason. In
all tairness, it probably should be pginted out
"that, although this chapter is focusing on heat
pollution, many fish have been killed by de-
creases in temperature as wall. Strong winter
gales’ may flood the bottom of a bay with’
abnormally cold water, resulting in huge fish
kills. Similarly, shallow lagoons may be chulled
by low surface temperatures, which k| many
living things,

CHAPTER 5
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Figure 5-2 may confuse students because
they are probably not familiar with three
graphs on a single figure. You might want to
suggest that they skelch each graph line
saparately on scrap paper.

2

o]

PROBLEM BREAK 5-2

Fxamine Figure 5-2 below. It summarizes data obtained
from sludymg a polluled river. The vertical scale carries the
single label “increase™ and no uniis because the three graph
lines are for different things. A line sloping upward means
an increase in whatever the line represents. A down- slopmg
line shows a decrease in whatever it represents. (The key 10
the margin identifies each graph line.)

Figure 5-2  ~ SEWAGE HOT WATER - _

INPUT NPUT

»
Oxygen —
Temperature e<esee-
B.0.D. -
(Biochemical
oxygen demand) INCREASING DISTANCE DOWNSTREAM >

1. When sowage was dumped into the river,
the oxygen content dropped sharply. This was
because ol an increase in the B.O.D. by the
decay microorganisms.

2 When heated water entered, the oxygen
coment dropped still turther. An increase i)
temperature had two effects It increased the
activity of the decay organisms. using more
oxygen. and it allowed less oxygen to be dis-
solved in the water,

-3. The river water tempergture increased
_slightly at point 8 because of the increased

reaction bgtween sewage and decay orga-

nisms. It increased more at point C becausc .

of the hot water input.

4. The B.O.B. increased because the decay
organisms needed more oxygen to degrade
the sewage (see 1 above). '

5. The B.O.D. increased again. See 2 above.
6. By the ume the water had reached point
D. heat had been lost to the surroundings, the
wataer had absorbed -additionai oxygen, and a
large amount of the sewage had been
degraded by the decay microorganisms. This
rasulted n increased oxygen content, de-
creased B.0O.D., and decreased temperature
of the water. .

56 CHAPTER 5
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Between points A and B, you see the natural oxygen level,
l;mpcraturc, and biochemical oxygen demand (B.O.D.) in
the river before it is polluted with sewage. At point B; sewage
is dumped into the river; and at C, hot water is added.

Using the graph. answer the next six questions, recordmg
your complete answers in your Record Book.

1. What happened 1 the oxygen content when the sewage
was dumped into the river? Explain'why this happened.

2. What happened to the oxygen content of the water when

~ heated water entered the river? Explain your answer.

3. At what two points was there an increase in the river

© waler temperature?

. 's4. What happened to the B.O. D when the sewagc was

added to the river? Explain’ why this happened.

5. What happened to the B.O.D, in the warmer water?
Explain why this happened

6. Explain the change in the oxygen content the B.O.D,,

- and the temperature by the time water has moved..

downslream to point D.

'77_
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As you've secen in this chapter. accumulation of heat in
surface waters can produce tmportant changes in the aquatic
environment. This heat butldup is called rhermat pollution.
Combined with his output of sewage and other chemical
pollutants, man's thermal pollution s seriously upsetting
balanced systems of plants and animals. Because man 1S part
of the system, he top is aftected by the environmental changes
. he causes. The food he eats and the water he drinks carry
the results of his own pollution back to him.

Before going on, do Self-Evalyation 5 in your Record Book. °
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Are rivers, laokes 1?nd stroams being thermally
polluted in your locality? What ewvidence
would you look for as an indication of thig
pollution? You might want {o direct some

students toward independent investigation at
this point.

GET 1T READY NOW FOR CHAPTER 6 .

Several items needed in the chapter must bs
supplied locally. They are as follows:

Books of safety matches

Lids from baby-food jars

Small wads of cotton

Small pieces of wool cloth

Small pieces of Styrofoam

Notebook paper

Smalt pieces of cellophane tape

You will need dropper bottles (or containers
and medicine droppers) for the turpentine.

CHAPTER 5 ' 57
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EQUIPMENT LIST o

Per student-team

P ' 1 600-m! beaker
1 baby-tood jar lid
2 amall wads of cotten
- Y 1 small piece of wool! cloth

- \ . 1 small plece of Styrofoam
Sick Air?

2 sheets of notebook paper
3 small pleces of tape

1 hand lens (or microscope)
Safety matches

Per class
Excursion 6-1 Is keyed to the chapter.

Dropper bottlas of turpentine
: Aur pollution, along with water pollu!i’(')n. 15 a major problem
3 for our nation. Factories steadily belching smoke, trash
A I dumps endlessly smoldering, and backyard incinerators
burning intermittently A¥ve added millions of tons of waste’
materials to the atmosphere. What are these wastes like? And
what effects do they have on the environment? To start
finding out, you and a partner will need about 30 minutes
and the following materials: :

I book of safety matches

I 600-ml beaker or large jar
I'small lid (from a baby-food jar)
2 small wads of cotton

I small piece of .wool cloth

I small piece of Styrofoam

2 sheets of notebook paper, each cut in half ‘
I dropper bottle of turpentine (as needed)

CHAPTER EMPHASIS

The products of combustion ara the major
cause of air pollution

Chapter 6

MAJOR POINTS

1. Alr pollution is a major problem tor our
nation. - -

2. The burning of Nlammable material can
result in solid, liquid, or gaseous products in
the air.

3. Some products of combustion are poison-
ous, even deadly.

4. Internal-combustion engines are a primary
‘source of air pollution.

5. The steadily increasing number of family
cars Is causing a corresponding increase in
air pollution. .

6. Air poliution is a factor in certain diseases,
in cw‘gdamage, in damage to livestotk, and
In general deteribration of many materials.
7. Valuable resouices are wasted by air pol-
lution. ,

8. Each person makes his own contribution
to air pollution. - o

COTTON

ACTIVITY 6-1. Place a small wad of cotton in the center of
:the lid. Place the lid on a clean haﬂ sheet of notebook paper.
Label the paper “Cotton.’" Light the cotton and invert the
600-m! beaker or jar over the lid. '

T - - -
) .

A\ -
:ﬁ Half sheet of papet
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Students may expcﬁence some difticulties’ in
getting the plamn cotton and the wool to burn,
completaly In any casé. there will be rela-
tively httla visjble sign of the combustion
except for the'water on the boakor .

»

AC%IVITY 6-2. If the flame begins to die before the cotton
is burned, lift the beaker slightly to let more air into the beaker.
Then replace the beaker on the paper. Observe the beaker
and its contents for two minutes after the flame goes out.
Record all your observations in Table 6-1 in your Record Book.

COTTOM

i —— When describing the prodﬁctvof b{Jrning include the
3 ' following: kinds of products; color; odor; whether it is a solid,

Arrange for ventilation during the burning
activites. Opén windows. provide a fan to  liquid, or gas: and the appearance of whatever remains on
biow the smoke out, or use a fume hood it the pa})er and lid after each burning. Be sure each piece of

avallable. You may want to have the sctivi
' dane oytside. Y e paper 1s labeled. Clean the lid and beaker after each burning

. and before doing the next part of the activity.
ACTIVITY 6-3. Put two drops of turpentine on a fresh wad
: of cotton. Label a clean half sheet of paper “Turpentine.”
] ' N _ Then repeat the procedure in Activities 6-1 and 6-2. -
. : 1
' 2 drops
of turpentine .
. A You may have to monitor the use of turpen-- -
! R tine and Styrofoam. Some students enjoy
: watching the black soot form, and will want
O to use more than two drops of turpentine or
‘ i a‘small piece (1 cm square) of Styrofoam.
‘M . Use the same general procedure for the wool cloth and the
TURPENTINE | Styrofoam Be sure to label and save each paper for com-
| - _ parison. .
Table 6-1
, licscriplion of
- ' Maternial Color and QOdor of ~ Qther Products Other.
Burned Smoke Produced of Burning | Obscrvations
- - : . ‘Cotton
Turpentinc .
and cotton
' -
u Wool cloth : .
Styrofoam : i .
. O . = .
. 60 3 : .
oy .
. .
- 31
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A

It you want to determine the effects of burning sTmples
of some other substances. be sure (o get your teacher’s per- . o
S s . . . e T 4 . . ) Noto the constraint for the studant on oblain-
mission first. You may then enlarge Table 6-1 and add YOUT 09 your peimission for furihg, wals  You
findings.

must exarcise your judgmont on the things
that are tned 1

.

(J8-1. On the basis ol your observatons, which matcrials 6-1.0On the basis of wvisual obsaervatons
do you think would produce the mast air pollution when  eithar the turpentine or the Styrofoam would

9 Qive the most air p llution, depending on the i
burned. , - amount burned 7 .
Y -

Question 6-1 may seem casy at irst. Deciding which sub-

stance produced the most smoke and thé most unpleasant

odor is not diffieult. However. you may not be able to tell

by looking and smelling whether or not harmful gases are ,
being produced by somre of the substances. .

T '

. . . d . t
(J6-2. Which of the materials when burned produced the  6-2. This is & good question to pointup to the -,
pOiSOnOUS gas carbon monoxide? : ' Student that the colorless, oddrless. and ex- L
. tremely dangerous carbon monoxige Is very ot
’ . , ditficult to detect. '
’ You cannot. just by looking, tell what gases are produced : ‘ '
from burning, except possibly for one. Yet even when some- ) .
thing burns without producing black smoke, or any smoke . |
at all, products arc released. Of course, not all products are L |
harmful, ' , ?
You probably noticed that a hquid formed on the inside 6.5 yvos. This question should help show that  » .
of the beaker when one or more of the substances were- ~ we all contribute to air pollution. It is not -
+ ) . - something done by ‘“bad guys™ only. .
burned. . B
K
(J6-3. What gas, produced during the burning, probably -«
formed the liquid in the beaker? Lo
You may be able to guess that, in addition (o water vapor,
another gas was produced as cach substance burned.
. . . [
. (J8-4. What gas product of most fires is used. by plants in
photosynthesis?
C16-5. In doing this last activity, did you add to the pollution
of the air? . .
(‘*\3"
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Americans place about 190 hillion kilograms of waste ma-
terials mto'the air cach year. Five sources account for most

' of the -navonwide air pollution problem. Table 6-2 shows

what these fources are and identifies some of the chemical
wastes from each source.

Table 6-2 ) :
. ...g' ) ‘ ) ‘ P .
T 7 Y T 'POL}UTANTS (billions of kg)
. 7‘.‘;‘ ¥ Carbon A)dro- .| Nitrogen ~ Sulfur Sohd Par- Total by
- ."“Suurcc T Mepoxide carbons Oxides Oxides ticulates Source
¥ § W - -.‘v-
Trnnsponmlon g - .o { I
<Lm~4‘mck,logsg{, 58.1 £ 159 .69 013 1.) 82.3
o . -
cle. ) ’V‘ . :\,7',“*} . , ’ . ‘ . \r
Hccmu]l ﬁoﬁ e - : \ X ' ;
* plants and he Sl LRV P " \6.0 20.6. 8.3 372
- - St - - \E ' ‘ >
Industry :”;_,3?}”9.6_ 32 0| 0.2 = 6.5 6.9 - 264
v PR g P 7
R r '4 ) _‘ » | 4 .-
e ‘;’;l 69 |- ooy T o 0.9 9.8
) _ ~ B - 8] kg \ v%l‘i\- )’ it | : ! -
' NI ',' A: -
, Misc. (forest - . 152 ) 74 1.6 0.6 |Y 87 335
_ﬁrcs.'cu;) , ) N | . -
Totals 5 915 L4 - 2Rs 15.2 28.1 25.9 189.2

6-10..All the air pollutants listed in Table 6—2

. dlreéuy aﬂecl man s ht)ahh s

~in Table 6-2. If
help,ful

[:]8 10. Whlc

SO, -
\

H

v

[

L

.E}B 9. W'ha are awo mam $0urc1ts of. sulfur 0x1des'7

7

'}DG 6. Whal source produces the greatest amgunt by welghl
~osof agr pollutnon"

"L—JG 7. Wﬂal “Qucgc;e produces the most carbon monoxide?

, [)é-8. If d’ne- Wm\.téd to reduce the solid parucu]atcs in the
air, which §0urces would ‘he have to confront?

The mforrklauon in fable 642 apphes to the entire Umted
.Slates‘ There, may be maJor differences in the sources of
.polluucm profucts sin a particylar region. Perhaps you are
‘1ot familiacr with ‘the types of pollulant products identified
-the mformz\tlon in Table 6-3 should be

&
]

tvpes of air pollulanls llSlm m Table 6-2

dlreclly aﬁect man’s health” S

@




A2

' observe any smoke you see. -Try to locate ils source. Find - 'CHAPTER 6. 63
. _ > any Y ce.. 1ty ! | .

Y

JESTY T

POLLUTANT e DESCRIPTION

This colotless. odordess gas. s often tound m
tannels, closed garages. and near heavy tratlic,
It v produced when curhnn—conl;mung fucls are
mcompletely buined. Carbon monoxide reduces

_the ability of bBlood to carry oxyvgen. Large
amounts are fatal; small amounts cause drzziness,
headaches, tatigue, and slowed reactions.

These poisonous pases come mainly from the
burning of coal and oil containing the element
Rur They irritate the eyes, nose. and throat:
damage the tungs: kil plants: destroy metal;
and reduce visihility.

-
%

Buming fucls produce most of these gases.
They produce a smelly,-dark haze that irritates
the eyes and nose. ST

~
.

These result mairly from tnbumed fucls dur-
ing combustion. However. latge amounts alsb
are produced as tires wear. Hydrgcarbons are
known to produre cancer. Hydrocarbons react
with nitrogen oxides and suntight to produce
smog. :

«

There arc{many forms of solid, matter in the
air—dust, smoke, soot, ash. er. These parucles
may stay suspended or settle w (hchground. THey
dirty many objects and darken the sky. Solid
particles interfere with normal breathing.

. !

AN

PROBLEM BREAK 61 S k : Table 6-3

o

.

{om

: How much’ air poljution is occurring in your.own neigh- o
borhood or community? You can-get a rough”idea by simple .. )
.‘observation. As yoy are on your way to and from scheol.

-

; . . ) X . P R .
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out what-kind of material is being burned and the sort of
smoke p“oduccd. Keep a record of your f{indings in your
| ' * Record Book.

‘After a period of time. you may wish to discusy the results
with some of your classmates. You may be surprised at how
much smoke there is in vour arca when you start looking

- ’ for tt! But don’t forget. not all air pollution is visible.

YThe pecas of tape in Activitias 6-4 and 6-5 will ‘ -

collect partictes at a rate that vanes with lo- . : .
caton I the building is au-conditoned. there As you’ve seen, gases are not the only product of burning;

‘will be lass deposited It probably will require various particles also result. In addition, dust and pollen add
at least two days in any case _ . . ) .
to the particulate content of air. Usc the method of studying

_ An alternative method tor collecting particu- [)ZITliCUlﬂlC pollulion shown in Acuviues 6-4 and 6-5.
i late pollution consists of coaling several .

plastic strips ¢r.glass microscope slides with
a thin layer of grease or petroleum jelly You ACTIVITY 6-4. Place small pieces of tape (with the sticky side

g\(;(g)trw; even want to Iry trapping pariicles dul- up) in two or three places around the room. Put your initials
" on the smooth side of each plece. ’

%

S . ‘4

h ACTIVITY 6-5. After a period of time, examine the strips with
¢+ @ hand lens or microscope to see what particles have col-
lected. .

e

T,

-

Describe the results of-your investigation, and your con-

\ clusions, in your Record Baok! You may want to try to locate
o ' : the sources for the particles you collegt.
. ) ’ ( From your activities so far i this chapter, y%'have_secn,
_ : i} - that-large amounts of air pollution can result fro
a 64" CHAPTER 6 ing of even small amouhts of ma;g_rials.

2

the burn- .




As you may know, automobiles and air pollution are
- closely related. Most cars have internal-combustion engines
that operate somewhat like a small furnace. Chemical energy
from burning fuel inside the engine provides the mechanical
energy that moves the car. See Figure 6-1.

1. Intake 2. Compression 3. Combustion 4. Exhaust

The internal-combustion engine is considered by some to

- be the single most important contributor to air pollution.
Is such a statement justified? You ¢an decide for yourself ' ?
as you study the next two pages. v
"About 80 percent of American families own cars. And
= about 30 percent-of families own two or more cars. There ‘ ‘ .
are also millions of trucks, buses, motorcycles, and taxis.  Youmight suggest graphing some or all of the

: 1F : . data in Tables 6-4 and 6-5 as an aid to
Altogether, there are about 100 million motor vehicles in the answering questions 611 through 6-14

United States today. See Tabl_e_s 6-4 and 6-5. Graphs can be very helpful in showing trends.
: . P

| . " Table 6-4 . ) |
v - . MOTOR VEHICLE REGISTRATIONS (milliors) , %
| e . s Date “r ) ‘i
Type of Vehicle 1950 1955 1960 1965 1970 - ;
Passenger cars. taxis | 403 | s2.1 617 | 752 84.4 !

ITrucks and buses 8.8 10.5 12.7 C 15 18.1 ]

. Motorcycles 1 04 0.4 06- | 14 2.5 .
* Total ] a9 Loj.o 750 [ 917 105.0
, * Number of -ucﬁicles estimated | ' : T

NarpL S, VIS M Re St B E s AT A AT A ek s £ 5d R s oo - s | e
R el R TR TR, Rt S R LA EYA A 1‘ Sttt dien e o
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AUTOMOBILL OWNE RSINP (By Year)®

19540 1955 1960

No. of tummlies (milhions) 457 491 514

Families owning auto-

ﬂ
mohiles (%) *9 10 m

a. Families owning onc
, 52
automobile (%)

. Famihes owning wo
or more automobtles (%)

10

T Excluding Alska and Hawan: figures for 1970 estimated

Table 6-5

Use the mformation in Tables 6-4 and 6-5 to answer the
following questons.

-11. 55% milli ~ . _
242_ ?g‘g 2i||ig: [16-11. What was the increase in the total number of motgr
6-13. Cars. 92 million; total motor vehictes.  vchicle registrations between 1950 and 1970?

1 1(}_"mlllion :
6-14.35% [716-12. What was the mcrease in the total number of families

Note that the number of cars and the number .
of families owning cats are increasing at a -~ OWDINE Cars between 1950 and 1970?_

raptd rate. but the percentage of families

owning automobiles apparently is leveling off  []6-13. Based on the increase in the number of cars and the

around B0%, This i3 because of the rapid — yymber of families ow ning cars, what do you predict will be -
~increase in the number of tamilies in the

United States. the loml number of cars in 19757

: (716-14. What do you predict will be the percentage of fami-
D). lies in 1975 that own two or more motor vehicles? -
PE'ROIEUM Fuu Remember, ziulom_obiles arc powered by combustion. In

A'R (oxvgen) this way, a motor vehicle 1s like a match or like a human:

each one contributes its own output to the air, and edﬁh one
requires inputs from the enygronment.

oo, -

COMBUSTION PRODUch,




“[J8-15. Agcarding to Table 6-6, what are the three most
-abundant pollutants from gasoline-powered vehicles?

L

(J6-16. Wh,af are the three most abu,t{dant pollutants from

. oLk,
- . digsel-powered vehicles?

. Y &
CJ6-17.-Which type of qu’i{\e produces more solid particu-
_ lates? ’ : :

[J6-18. Estimates show thatin a city of’ about 50,000 pedple,
at ledst 76,000 liters of gasoline.are burned by automobiles
each day. According, to the data in Table 6-6, how many
,grams of tarbon moroxide would be added to this city’s
atmosphere each day?

k)
[

1t has alrcad}; been said that carbon mo’noxide (CO) s
a poisonous gas,.-The fact is, it'can be a killer. Examine
Fig\ll’e'(;_-:}, - y- ) ‘

.

s

«
X ‘ Y .-‘ £ A o b, ¢ [ X 7 di At - ._ ‘*'4
Study the data in Table 6-6 to see the effects a motor N
vehicle has on the surrounding atmosphere. \’$
/- N Table 6-6 &%
AVERAGE OUTPUT OF AIR POLLUTANTS FROM MOTOR '
VEHICLE OPERAYING AT ABOUT 40 km hr
_ _ Quantity of Quiput ¢
Source Pollutant (g-liter of fuel)
Gasoline engines Carbon monoxide. 284.9
R . Nitrogcn Qxfdés 22.2
CoL ; Hydrocarbons _ 15.8 ‘ R
. c . Solid particulates [* 1.3 ' ®
Sulfur oxides _' _ SR X
Dicsel engines Hydrocarbons 6
) ‘ . Solid particulates * 3.3
Nitrogen oxides . 12.0
4‘ ~ v
' Carbop monoxide o
- -'Sulfur oxidgs | . 48
L e v .- <4
. ) ¢ Q o e

Advanced students might be interested in
“personalizing” the problem, using these
data. If they can determine the weeklys
mileage that the family car travels, or the
amount of gasoline consumed, they can arrive
at a flgure tor the pollutants for which their
cat is responsible. For e‘kample_ suppose the
tamily car -travels 180 miles (300 km) per
week. At an avetage, for city driving, ot 15
miles per gallon (6.4 km per liter) the amount
of gasdline used would be about 46 liters
Using Table 6-8, the grams of pollutants can
be found. N

6-18. 21,652,400 g
\‘
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8-19. Approximate times #om Figure 6- :‘1
would be 2} hours; 1 he 25 mun, just dver an
hour.

N e . \ ey g ke ' N 3

02 04 .06 .08 A0 A2 14 RI:3

Concentration of CO in air (fraction of 1%) =

Figure 6-3

6-19. How IOng wm‘klp a pcrson havc o be cxposed to CO,

bcforc death occurs if the Concentration of the gas 1in {hc _

air.is 0.06%7? 0.10%7 0. 15%” Man, as an mpul—pulpul system;

- s scnousjy aflec cd by«m pollutaints.

- he P , W -
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Arything that injures lung tissue is a hazard 1o life. Carbon
monoxide and other air pollutants have been found to change
some lung tissue. These changes in tissues may produce lung
diseascs such as bronchitis and emphysema ~diseases that
W.re rare twenty-five years ago. Much ‘needs o be learned
about the causes of these disedses. However, evidence indi-
cates that air pollutants are at leas( partly responsible for
them. . - ~ =
- There are other bad effects that result from air pollution.
~ Annual crop damage from air pollution iz estimated at over
$6,000,000,000. Thousands of domestic and wild animals are
weakened O killed dutright. Exact data on humran death and
disease are lacking, but 1t is clear that air pollytion is espe-
cially dangerous for people with heart disease, asthma, em-
physema, anemia, etc. Lung cancer is found twf‘cé‘-‘as often
in air-polluted cities as in rural areas.s LY

LH55s

LT

Polluted air discolors and damages clothing, automobiles,
and buildings. A major maintenancé factor in polluted areas
1s the rcplacement of discolored and peeling paint. Steel
deteriorates two {o four times faster in air-polluted cities than
in rural_are"'zgs. Dirty air detciior_ales rubber, glass, leather,
nylon, paper; and even stone. v

Incomplete\ combustion of fuels'not only pollutes the air
but wastes vz\luable resources. For example, more than
$300,000,000 worth of sulfur 1s wasted annually. Industries
are w0rkingﬁafd on ways Q['reclaiming and.using “waste"
products. Pollution causes higher lighting and heating bills.
For example, it js estimated that in Chicago on some days
ajr pollution reduces sunlight by 40 percent. 4

s >~
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Questions 6-21 and 6-22 are good bnes for
- discussion. Students may have to be urged a

‘B little to think of, all the ways that they pollute
the air. ’
70° CHAPTER 6

POLLYVION .
GONUROL

.

,-.».«.n

o1t lt is estimated that air polluuon costs the United States
about $13,500,000,000 a year.

D6-26 How much is your “share” of this cost? (Hint: As-
sume a U S. population of approuma%y 210000000)

s

. In the last sevéral chapters, you’ve studied air and water

pollulion. Both are particular problems in cities and towns.

Yet neither form of pollution respects city limjts. Air and
water flow from one region to another, often carrying pollut-
ang distances from their source.

[J6-21. List dll the ways that you conmbute to the problem
of air pollution.

E]6-22 Describe how your contributions to. air pol]utlon
mnghl be- {educed or eliminated.




Serious air-pollution crises have occurred in many U.S.
cities and in other cities around the world. One of the most

. . . R . v v r o
disastrous situations occurred in Londod, England. Excursion < e 3 (0- | RS q 9 ,\‘l
6-1 describes that crisis and helps explain how 1t happened.

Fifty years ago. even fifteen years ago. few people were
worried about the effects of pollution. Why 15 concern for _ _ _

- . L ] - Excursion 6-1 is an interesting one for exten-
the input-output relanonship between man and his sur- o7 04 general interest 1t introduces the
roundings suddenly so important? Chapter 7 deals with this dea of atemperature inversion. itrequires no

i t and could be done al home.
question by looking at w lmt is happening to the world popu~  caupmen and cou one ath
lation. No materials need to be prepared for Chap-

v ter 7.

Before going -on, do Self-Evaluation 6 in your Record Book.

o

e

~~
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EQUIPMENT LIST
Noné ) .t

. -

The Environment
- Throws a Curve

Exqursions 7-1, 7-2, and 7-3 are keyad to this
chapter. .

u >
PN

Ever stnce man appeared on the earth, his activities have
affected the input-output balance of living things and their

outstanding. Lands, once forested, are now covered over with
concrete and steel. Many bays, rivers, and lakes, once clear

. refuse. City air, at first clear, theh hazy, is now smog-fitled.

EECIaMit MO V5 - o TR A

idg RN
PRV 5; ; e

PO , L

surroundings: His most recent eftects are perhaps the most .

and filled with life, have shores spoiled by oil spillage and

CHAPTER EMPHASIS

Rapid increase In the human population is
causing many prablams on the earth.

s

Chapter 7

MAJOR POINTS
1. Population curves of living things\‘are typi-
cally S-shaped. with a slow. then 'a rapid.
increase followed by a leveling off.
. 2. The rapid increase in population is called
" a population gxplosion.
3. Vvariables that could limit the population
level. and cause the leveling off. are these:
a. ptesence of disease organisms
b. prégence of wastes and poisons
¢c. amaunt of food and needed gases
d. availability of space
4. When numbaer of births equals number of
deaths, the population remains constant.
¥ 5, The population curve fof man has not yet
leveled off. « ,
6. Scientists believe the size of man's popu-
lation Is limited by the same environmental
factors that limit the populations of other”
fiving things.

-

Chaplers:7 and 8 have little or no laboratory
expeariments or activities. Instead. the student
uses the background that has been built up
in the earlier chapters to .solve practical en-
vironmental problems. Graphs are used to
" point out some of the tactors. Students may
teel that these chapters are not as impqttant
- a8 the others. This should not be thé case,
and you may have to use your influence to

~ coupteract this feeling. "
.t - A -
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You may want lo check the graphs of several
students to see that the data have been
plotted carrectly. Note atso that it should be
a best-fit (smooth) line.

Table 7-1 ° ’
- . WORLD POPULATION CHANGES
’ 5 Date Population (millions)*
{ 8000 B.C. , .5
: - 4000 B.C. 75
. L 2000mC. 150
* Birth of Christ - 250 »
AD. 1650 : 500
T ) AD. 1830 1,000
- ~ AD. 1930 © ! . 2,000 ,
o oL AD1960 | 3,000 N
) . ) AD. 1970 e 3600 -
) A.D. 1975 ' . 4,060
. | A.D. 2000 - 1,500 -
: . ) < * Estimated population . '
‘ 74. CHAPTER 7 . ’
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C7-1. Why have man’s greatest eflects on the environment
been the most recent ones? ‘

(J7-2. .Do you predict man’s future effects on his environ-
ment will be preater than, or less than, those up to now?
Explain your. prediction.
: 7-2 Accept the student's prediction. The ex-
planation, howevar_should have some reason-

able basis other than just a leeling of
optimism or pessimism.

The eflect of people on their surroundings depends upon
what they take from the environment and what they put back
in. Living things cannot avoid changing their environment.
Neither can groups of living things avoid being changed by
their environment. The larger the size of the group, the more
change it will produce. How has the size of the human group
changed, and what will be the result of that change?
Table 7-1 shows what has happened to the world popula-
tton since 8000 B.¢. Plot this information on the grid in Figure
-1 of your Record Book. Then draw a best-fit line,
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(J7-3. According to your graph, what will the world popula-
tion be by 20207

.- You probably had trouble with the last question. It's not o~
¥ casy to answer from the graph. If the graph you drew in
Figure 7-1 is a good one, the line near the right-hand side
- : should have been about straight up! This rather startling #

! - prediction about population growth has led to the term popw-
' lation explosiom. The population increase is ocwrnng at an\j
“explosive” rate. - - N o

Y;-A. The student answers should prove inter- [ ]7-4. Can the size of the wOrld population of. humans con-

esting. It probably should be pointed out, 9 -
however, thal there is no unanimity among lmuc to mcreasc from now on . : ‘

: scientists on the question of how high the b o -
' human population can go. ~ - Perhaps you nced more information to answer question | -
. L]

| 7-4. For cxample, is the human population explosion typical #
o ' of other living organisms? Take a look at populatlon growth
. - in some other animal. '
L One common but very tiny animal frequently used in H
‘ (/ €

© e s —

experiments is the paramecium.” It reproduces by dividing.-

: One animal divides to become two (Figure 7-2). Each of the
- - new amimals divides again, making four. Because para-

- meciums live and reproduce in water, “their populatnon ,
growth can be observed easily. ' :

*

5 . | Figure 7-2

;. ~In one investigation, 0.5-ml samples of water were taken
- . ' ‘ , daily from a container in-which there was a well-fed para-
mecium population. A-microscope was then used to count .
. the number of organisms in each 0.5-ml sample: Table 7-2
E - o contajns the results of thirteen days ofmv{u[:ftlon ‘Plot this
' . information on the grid in anurc 7-3 in your Rccord Book
and draw a best-fit line. ' _
: : The paramecium population in the container ccrtamly .
v ) grew rapidly within one week. In those few ddys, it became .

i X 76 CHAPTER 7 eighty times larger than at the start. b
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4
Vo PRI .e " o i e
d |
u/) TIME (davs) \
\ 2 3 4 <l ¢ 7 8. 9 10 1 12 13 ;
Number of N i
) parameciums
in 0.5-ml t2 30 75 150 260 | 340 | 405 | 440 | 450 455 | 445 | 460 | 450
. L !
sample .
T ’ . Table 7-2 B
- ) 1 ’
A
‘% 500 . ,
& . -
400 +—
O - -
£ \l ‘ ' !
i _ )
& 200 S ' - . }
. A B \
- B g 100
* v ~

L o 2 4 6 8 10 12 14 - c - #
' : Time (days ‘ '
. (days) ’ Flguro 7-3

,
.. . N

?

E:]r-s Acoordmg to the graph, is the rate of population
mcrcasc a constant? . .

(17-6. What do you "‘l‘CdlLt the population will be by the

B beginning of the four(eenth day’? 7-6. mw'&en 445 and 460 ._
RS I : 1 -

; 7-7. On what d /did the number of births ﬁrst abom equal 7.7, The probaqle answer is either day 9 or
10. This sholiid be evident from the tigures i

N thc number 0, hs i in the, populauon" How do you know? ~ b

R " - (no increase in tokal population) and trom !he -~ oo
RN . | graph (ievellng off of the Hne) )

RS lfyou completed Flgurc 7-3 successfully, the shape of the - | . - )
="} curve should have rféminded you of the letter S. This - :

8-shaped curve has been found in pOpllldtlon studies of 'many - e
plants and animals. Because of this, it is often called a popu-
~lation® curve.’ Figure 7-4 shows a lypICdl prulatlon curve.

- ' } I -
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! The letters A and B have been added to identfy certain points
! ' on the curve.

-

..: _E !
: g ,
. [ T ¢ -
0 ST , ‘v,
. “ Figure 7-4 o ' . N )
: : | N "
(i’:l’l 8: What happened to the size of the paramccmm popu-
\ latnon up to pomt A? o )
S . C17-9. What happened to the poPulatlon during that part
‘ of the graph between points A and B? 7 11
' (J7-10. What happened to the rate of populatxon mcr¢aec ' ~
from ponm B. on? ~ :
Figure 7-8 T ,
. , Tgure . /¢ |
ig _ e : S 7 I 1 .
7 * . - . -
[ ° ~ .
. . - norrtyry — Little or no increase
v I Small increase
. i ,
. t% Large increase
i:\(' o a 4
- - s ) 5
' . vt § . h ‘
o , 2 L Small Increase
‘ , vy T Time ey ‘
.78 CHAPTER 7 S @ e .

Famyead s ‘_. -k, s Lt S atli

- -
e T wwwmaw?« g




o

Full Tt Provided by ERIC.

OB Lo iaiaaid 12 W i ad i il ondo

—

As you can sce, there is first a small, then a great increase

in the population size This sharh inerease s followed by
a leveling off in the rate of population change. Fually, the
size of the population stays about the same. This is tlustrated
in Figure 7-5. '

[(J7-11. What varnnables would cause the pupulali(m curve o
level off after point B? '

[17-12. How does the curve in Figure 7-1 (the one for the
human population change) differ {rom the typjeal population
curve (Figure 7-4)?

In your answer to question 7-11, you may have suggested
several variables that could limit the population level. Your
list may have included some of the following: \

1. The presence of disease organisms

Although students' may not have roatzed i,
the achviies in Chaptdr 3 that usod yeast
could have baoen the beginning of a popula-
uon study. These microorganmisms, when

“supphod with food. (powdored milh . contain:

ing sugar) multply However. as the sugar s
congumad. it 18 converted to aicohol by the .
procass of tarmentation Thus aicohol serves
as a poison, and the yeast poputatan. i the
expenment were allowed to conthue. would

stop multiplying and in tact would decroase

7-12. The human population curve has nol
laveled off..and continues to increase al a
high rate.

2. The presence of wastes and poisons ' I .
3. Amount of food and needed pases )
4. Availability of space for the orgamsm . \
. - . . /
The enyironment cannot support-more life than it can feed. ’
Neither can it continue to support life if wastes and poisons
become too concentrated. The greater the size ol the popula-
tion, the more the organisms are crowded together. Thus,
accumulation of wastes increases. - :
¢
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. Poor nutnton mecans a weakening of the-living organistn.
' Thus, chances of survival are reduced. Crowding and accu- .
" mulation of wastes and porsons increase the hkehhood of
{nrly decath of the organism through spread of disease. Even-
ually, because of the input-output between environment and
Organisms:

b, { births Number of deaths
Excursion 7-1. " The Mare tha Merrier?” ia tor . Num_ ﬁ:::m a . EQUA[$ -~ in the
+enrichment purposes. It will give some ideas o ulatlon' population
about the effect of overcrowding on animals. pop
1

I

¢ = XCURSION } Excursion 7-1 describes an 1mporlant experiment that was

' ' ' done ta study population increase of"mice. The ‘excursion

, J . ‘-*‘ may give you an idea‘of how you mnght set up your own
population study. LS ‘

What then does all this mean for the human spccncs? Man
15 an organism, and the population curves for organisms_seem
to have a similar shape. How much of the S-shaped popula-

- ' tion curve is complete for man? (Refer to your graph from
;7 Figure 7-1 in your Record Book.)
) . [J7-13. Does the rate of human population growth seem to
’ be leveling off?
- . []7-14, Does the total population predicted for the year 2000
- " ‘ suggest thai there will be a leveling off of the turve by that
K . : time?. : ; \\ N
. P -
- ~ 718 It is rcdlcted that thé 1970 world po'pulzmon will
. o be doublc?{fy the year~2007. Does your graph m Figure !
, 7-1 suppor that predlctlon? : ) _.,

o .

- l Appar ntly thc curve in your graph 1s only a part of the

7-16. Again, there Gan be a wide divergence (yplcal population curve. The human population grew very

of opinjons on the increase of world popula- — clowly at first. Now it is growing rapidly. The question many

tion. Man, with his ingenuity, is able lo adapt .
1o conditions that no,m..g would serve to  people are asking is, “When wil) the human population level

limit the ‘Qqrowth. Disease is conquered by ~ off7”
medical practices; increased food production . _
P - is-accomplished by lmproved farming. But - . -

:°'“:(:"°'°" have notyetbeen broughtunder 71746, Give as many reasons as you can for why you think

on ' K

, S L < the world populatnon can or cannot continue to mcrcase
indefinitely. .

A R
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s . . _ . Excursion 7-2 iz fairly rigorous and may be L
* Séicntists believe man s controlled by the same cnviron- completed only- by tha more ambilious stu- X
) YN . vt . ; . - Lo dents. Everyona ¢an get somothing trom o, .
_ mf:nml factors thql lm‘m .th popula‘lu‘m\ of other lmng Howaver o should onjoy the  surpnse .
things. Overcrowding, famine (lack of food), and pollution anding .
» perhaps are some of these factors. ‘
’ . . Excursion 7-3 is an interesting approach to
Man's output has become the environment's input back 4 controversial gubject. 1 is for ennchaient
to him. How will these inputs atlect his numbers? purposes. , " . . .
{ Some people l?ellcx'c man can escape an overpopulated  yginaterials need be prepared for Chapter 8.
"""""""""""""""""" planet before it is 100 later If you arc-onc of B L L sa—— N
. e . - v/a) o rat
want to look at Excursjon T-ZQ:smpe into Space. ‘:.(‘K'J e\
} Some folks argue that therc iS>only one way (o stop over-
s R - .. v v ray
population. Excursion 7-3 ilustrates their ideas. ‘ﬁA(.i” :t."! \0,\‘|
_ Before going on, do Self-Evaluation 7 in your Record Book. ‘
] ) .
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EQUIPMENT LIST ) /;

Watch or clock with second hand .

- /
/ "") /

Excursion 8-1, for enrichment. is keyed to ) /
Problem Break 8-5 in this chapter. /

overcrowded. Four billion people—earth’s present popula-
tion—sounds like -a lot, but can you imagine what sudlf a
7 If you are like most people/numbers of ¢hat
ean much. Even the number ],000,000 is more
ost people can manage.

Perhaps the following activity will help ),’i'ou appreciate the
size of the world population and the rate at which it is
changing. ' ol ‘

-

the world’s poptlation. You can find out how good you would
o be at this job by seeing how long it takes yow to count a
few people-—all those in your classroom. You will need a
watch -or timer.

“Facin'gReaIProbiemsﬁ

For most of us, it is hard to believe the earfh will ever be

Suppgse you had to copnt all the‘ne,{v people addgd to )

CHAPTER EMPHASIS

The solutiona lo environmental problems are
usually difficult and require the consideration
of many points of view.

W1AI0R POINTS

1. Simply counting all the individuals in the
population hy ordinary methods would be a
tremendous (and neverendlng)‘?ob.

2. Making just decisions gbout problems
related to the environment is a difficult jeb.
It requirgs (a) seeing'all sides of the problem,
(b) weighing all the factors involved, (c) con-
sidering the welfare of all people, and (d)
coyirage and common sense.

3. Each major problem is composed of many
smaller. ones. To find a solution to a large
problem, the smaller ones must first. be
solved. ' '

This final chapter could be the most stimutat-
Ing and thought-provoking one for your stu-
dents. Hopetully, they will be able to apply ..
what they have learned in earlier chapters.
The problem breaks are designed to intro-
duce them to a variety of current’ issues
centered around environmental problems.
*

!

~

L




T R L T L IR T
]

ACTIVITY B8-1. Note the time when you begin, and when you
finish; counting all the people in the room.

-

. B8-4, 86,400 % 365, which s
o people

v

8-5. 1,892,160,000 people

>
i .

. 84 CHAPTER 8
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8-1. Insist on the carrect units being given
i (number counted/second).
<

31,536,000

o 'A' . »J“}‘i:
,;

‘ﬂ.u"

i prenm

Using the followmg formula to get your people-counting
rate:

~

Number of people counted

P 1'~ u / l. =
eople-counfing rate Time (seconds)

'

[J8-1. What is your people-counting rate?
' \
Even though your rate may be faster, let’s suppose you
counted one person' every second.
(]8-2. How many people cou& yOl; count in one minute?
m one hour?

[J8-3. Suppose you counted at that same rate for one day

(24 hours). How many people would you have counted?
“(Sorry, no time out for meals, rest, or sleep.)

1

[J8-4. Suppose you worked 24 hours per day for the next
year (365 days). How many people would you have counted
by the end of the year?

[J8-5. Suppose you put in the next'59 years counting people
at the same rate (24 hours per day with no breaks). How
many people 'would you have counted at the end of 60 years?

After 60 hungry and thirsty years of hard work with no .
sleep, you could have counted less than two billion people.
During that period, the world’s population would have gone
up by more than two billion. This means that you would
have more people still to count than you started with.

To measure gains in population, you have to know more
than just how many people are born. Yon also need to kpow
how many die. :

r‘.~, lrod fat - . wde PR Lty a
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w? (J8-8. Complete Table 8-1 in your Record Book.

Table 8-1

¥
i - oy . WORLD POPULATION

e v et rencnen . N Birthrate =.3.] l,O(ﬁ_.Pcr‘..da)}n_.-...._.._...,....,,

- . Death rate = 138.200 per day

e Gain in population = ______ per day

[18-7. What is the daily gain in the world’s population?

Apparently, peop.fe~coﬁming isn’t a very rewarding occu-
pation. One person just can’t keep up with the work. An
evef more impossible job would be trying to keep up with
the needs (food, housing, schools, etc.) of so many people.

T
*

el

~ POPULATION INCREASE

! . People living in cities and towns want such services as
] . electricity, water, and telephones. They want to beé able to
~ ' buy food and drugs from local stores. They need airports,
schools, hospitals, fire and police protection. They need jobs
-as a source of inteme. o -

v
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Some of the problems will require more time
and effort than others. But each one provides
«the occasion tor creative solutions They
should be viewed as opportunities for getting
experience in facing tha_pndot problems the
students will encounter as aduits.

Hopsfully, students will see and respect the
viewpoint of others ‘They may discover that
tactful persuasion and publicity are some-
times more effective than regulations as
means of overcoming some environmental
crises.

e nhe A o8 A% i R TEBIT 1L S 1o Mo ot
sk i

. 1n'thc+ttﬂlft:—"" Rt 4 ettt e A b e e e

You have seen that when people live close together, each
person’s output combines with that of others. The total output
can produce serious pollution problems. You also know that
the trend is for people 10 move to cities and 1o live closer
and closer together. Thus, you can expect things to get worse

s MR e et ve o e,

The rest of this chapter highlights some of the kinds of
problems you may have to help solve when you get older.

Tty 10 examine each problem brcak from as many different

viewpoints as -possible.
In conducting your investigations ‘and in proposing soju-
tions, keep in mind that your plans will’ affect many other

- people. Also, be aware of what your plan will cost. Time

is important, 10o. You should consider how long it will take
o carry out your plan. Make use of all you have learned
throughout this unit. Use othér knowledge you have gained
from reading, from television; and from radio. Discuss your
ideas with your classmates and teacher. ‘

-

PROBLEM BREAK 8-1 -

.

A strange insect that spreads a rustlike disease has sud-
denly attacked thousands of acres of crops in your area! The
farmers want to use large-scale sprayings of insecticide to.
kill the 1nsects, save their crops, and prevent further spread
of the rust disease.

Other people are protesting the use of the insectitide. They

are afraid that it will poison the soil and water for year
come. They are also afraid that the wind may carr%}hc

poisonous chemical into your town and onto ‘nonfagming
lands. Ta avoid these dangers, they suggest that the farmers
burn their crops, thus killing the insects /Of course, the farm-
ers’ crops would be a total loss. ‘And because the farmers
borrow from the town's banks andtuy in the town’s stores,
the townspeople would lose monéy, too.

" What are the advantages and'._disadvanlagcs of the two
choices? What would you suggest as a solution?
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' preciate the magnitude of the questions and
- i POLLUT'ON POLLU]-ION ’ E the complaxity of solutions. Note the opposing

factions, and the constraint for the student to -

- . see both sides. Experience has showd that in
Problem Break 8-1 thera is quite a difterance

FOR AGA' NST S in the way students from a rural situation and

: .7 . ' . those from an urban -sétting react to this

, . . ' N ] problem. | I ‘ _ o .

L]

. PROBLEM BREAK 8-2

{1 The state of. Noname has a small population. 1t has many
farms but little industry.-The' agount of tax money the state :
- gets is not enough to give each child a good education. Not _ ' ,
- much c¢an be done for the poor or gaed. Pothales fill the ‘ '
roads, more bridges reed to be built, few fish and game’ |
animals are stocked, and state hospitals are such old firetraps o,
that the governor wouldn’t stay in one when he was sick. _ .
A well-known electricity-producing industry has discovered : ¢
‘a large deposit of hard coal. Unfortunately, the deposit lies S
. in one of Noname’s state recreation areas, beside the largest
lake in the state. The industry feels it is an'ideal place for
’ a new powey’plant. The coal could be taken from thé park

by surface/mining and used as fuel. The cool, clean water
from thé swimming and boating lake could be used to oper-

ate steam turbines. The heated and polluted water would
then be released back into the lake.
‘The industry agiees to sell to the state at a low price all : \ .
" the electricity produced. Tax money to the state would in- ' '
crease by 25 percent” Surrounding states could buy surplus
electticity, bringing in. more money. Furthermore, many -
other industries would soon move into the state because they
could obtain cheap power.
What are the advantages and disadvantages of bringing - _ _
in this industry? What limitations, if any, would you place J. ‘ ‘ - -
" on such an _industty? Suppose Nonamc’s state legislature
must decide’ for or against the industry. As a state legislator,
how would you vote? Why? '

—
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PROBLEM BREAK 8-3 | .

Recently, samples of snow crystals were taken from widely
Separated areas of the United States. Some samples were -
taken from- remote wilderness areas. Chemical analysis of
.these samplcs showed that lead -particles were present in "
) . : » »€VETy region from which g{m??samples were taken. It is be- i
) o lieved the lead paruclcs""had been released to the air in
- ~ automobile exhaust gasgs. The water in the clouds then )
- - R formed ice crystals around .the tiny lead particles.
. - Lead is a poisonous metal. It can accumulate in the bodies
of living organisms and cause damage and even death.
A\, As a member of the air-pollution control board of your
‘ state, what steps do you recommend be taken to ¢ontrol the
release of this poisonous substance? What will be the effects
of your suggested controls on the automobile industry? How

I3

: will the citizenry be aflected? *

-

PROBLEM BREAK 8-4 . ' -~

oy . Assume that the community in which you live is located
2 - on the seacoast As the population increases, your town is
I faced with the problem of garbage and trash disposal. The
¥ _ : city engineers and the_townspeople disagreeson how to dis-
E pose of the garbage. §everal different proposals have been

made to the city commission. They include the following:
A
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l. Hauling the ‘garbage ™dut to sea and dumping it
2. Using trash and garbage to Gill part of the bay and
€ provid¢ additional building sites
3. Using trash and garbage 10 fill low lands around the
< town and make them guitable for butlding sites
« 4. Compressing the trash and garbage into blocks and then
covering them with concrete and using them as building
matcrials ' "
What position would you take on each of-these sngg‘eslions
and why? What alternative(s) would you suggest?

PROBLEM BREAK 8-5 ' ,

Thé amount and variety of noise increases daily. High
noise levels damage butldings as well as the human ear.
Lower noise levels are sometimes trritating and may lead to
an inability to think or sleep. Other effects of noise pollution
are described in Excursion 8-1. You may want to take that
excursion as you work in this problem break.

Your city is likely to be as noisy as’any other. Trucks,
aircrafl, motorcycles, and other noisemakers are bound to
have their cffects on your ears. As a community decision-
miaker, .

)

I. what limits do you recommend be- placed on noise

~ sources? . it ™

2. what good and what bad eflects would such limitations

have? i

3. should noise polluters be fined or punished just as air

and water polluters are? If so, how?

Every once -in a while someone suggests that you can
control the population of latge’ cities by building new and
smaller cities in less-populated parts of the country. They
say that large industries could be invited to build factories
in”each new area, providing jobs for the new residents.
Supporting businesses, such as groceries, utility companies,

' _‘?/clothing 800ds, and so on, would move in to supply the needs

of each new city. The planners would limit each new city
to a certain size based on the predicted population increase.
Of éoursc, pollution control could start as soon as the first
citizens arrived. Utopia? | - '

~
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" Of course, this problem break Is applicable to
all garbage disposal problems . and not just

thoss of a seacoast community.

\ x

Excursion 8-1 should prove interesting to
most students. It gives some usetul back-
ground on sound pollution. and is especially

relevant to ninth graders.

L EXCURSK

in order to answer these questions intelli-
gently, students need aome of the informatioft
.supplied in Excursion 8-1. In this respect it
could be considéred remadial in nature.

&
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T"y;ﬂgrprob]om break tends to be aimed at
group activity more than the others were A

group of three or four could cooperate. Then
the solutions tormulated could-be compared

-with those of other groups. On the basis of

the ensuing discussions. the written plan

could take lhlp:; e .

-~ --90  CHAPTER 8

PROBLEM BREAK 8-6

- Suppose you are onc of the planners for such a city. You
are 10 help deaide where 1tas 10 be locatell and what large
industries to include. Setting up systems for water supply,
sewage control, pbwer, and transportaton are all under the
control of your planning group. Location of industries, busi-
nesses, schools, and sa on, must also be decided by you and
the other planners. . ) N
Talk with several classmates as ydu set up a study group
for the planned community. I done correctly, this task wall
take much time and effort. Assume your city will start with
300 families. Permit a slow increase in new families during
the rext twenty years. Eachr-family should average four
members. Here are just a few of the problems you will face:

How will you select those who are to settle in your town?
From where will the city receive its food and water?
How will the people and industry be taxed?

What form of government will the city have?

What responsibility will~your city have to-the nearest
neighboring towns?

What recreational facilities will be provid.cd?

What will be the city’s source of power?

8. How far ahead should you plan?

SR W N -
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“'Satgllite City"
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Hundreds of other questions could be listed. You will soon
see that being a city planner is 4 tough job. Good luck to
you and your group. A ' y

Your task won’t be complete until you and your group
have prepared a written plan. Be sure to include skefches

of the proposed layout for the city. Don’t forget to plan .

ahecad!

\

The, problem breaks you have completed contain a very

_important message. They point out that the solutions ta envi-
_ronmental problems are far from simple, Understanding and

' dealing with pollution involve concepts in science, economs-

ics, politics, and sociology. Simple solutions to such difficult

questions’ are very unlikely. Many. points of view must be
taken into consideration. And emotional reactions must give

. way to reason. Decisions must be based on the best informa-

- tion available.

-

A
Noticé that the student is being reminded of

the interdlsciplinary natu;e of the problem
breaks. Science alone c€gnnot solve. the

problems facing humanity. You may want {o -

use teachers from other departments as
resource paople {for the students.

X,
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Perhaps you. your classmates. and your tcachcr have

Coe thought of other environmental plobluns (o mvestigate. You
il ime and interast permit. some of yow  MAaY Wish ta study problems that are currently being faced
students may wish to “localize” the unit ¢n your Iocal arca. Try tackling'some of the kinds of difficult

further. You should encourage this. but be ' ,
sure to keop abreast of their work with the  dUcstions that are faced bv the men and women who guidg

interest and emphasis being placed on pollu- our community. 1t will hcl 'ou understand the problems
th A .y
- on todAy, there is no hmit to what the
. atudents oan do. they face. It will also hclp prepare you 1o handle tough 3
Y , . problems. -

"~ TodSoften the student has no real idea of his You have read and done a lot as you complctcd thas unit
day-to-day accomplishment in $chool This

_ listcan serve as a good check, and cansum- 9N Envirenmental Science. You can consider that you havc S

marize for him the main points of the entire 'accomphshcd a lot lf you . ' ® ‘
unit. .

ot [. understarid bcttcr lhc way the cnvjronmcnt and living -
\ Orgamsms interact. ‘

{ . Y 2. see more clearly how lwmg thmgs dcpcnd on each

! . B _ other. '

, . _ o ‘ o 3. can identify causes of pollunon,

i ‘ . 4. know some of the effects of air, water, and soil pollution

i

on living things.
. 5. realize that population mcrcascs rcqmrc immediate, o
‘ -long—rangc planning to centrol man’s effects on his en- - - .
v vironment. '
6. recognize the difficult nature of the problems men and
- . -7 women face in providing a good life for-their families.
“ . 1. can appreciate the importance of testing different ideas
' ‘ and viewpoints in seeking solutions to pan’s problcms
8. have learned that there are times to compromise and 2
times to stand up for your ideas. s

- Before going on, do Self-Evaluation 8 in your Reéord Book. o

0 -
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Excursions
| o P |

™ ' \‘ - Do you like to take trips, to try something different, To see
........... T-e(;\—--—»*_ S\ new things? Excugsions ca give you the chance. In many
. N o ways tlhey resemble chapters.- But chapters carry the main
: o story line. Excursions are side tnps. They may help you to
- . go-further, they may help you go into different material, or
P N t they may just be of interest to you. And some excursions are
Lo e ~_provided to help you understand difficult ideas. :
| "_9 L " . " WhaYever way you get there, after you finish an excursion,
i : you should return to your place in the text material and ¢on-
- R . . tinue with your work. These short trips can- bé inlercsting\_
. Lo ‘ A }and different. o . .
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) , -
) < ' P B
t. - ) \ N
oo, \ o
o, . )
. , - " ) ,

'/' : o o oL 114 e . ‘ .

>

-

\

BIRGE ccicncn R R S SR Ao i

B R Lt
e
r
{
. /
¥
.

SEAEAG LA D RIS ek s e o 3 b,
T O N g A0 SN S LT

)

-




R T I T O L R A P o

Iy ) \

N\

Y S .
Al . .
f -~ LY ' § - Ca o [ 34 -
BTN Wy . n s Ry Y ¥ e A s, A LR i
Wl e ALy > b .' VTN ‘ Joe ‘f* PRLEETAAR 221 220 F SRR 4




S

|

,,,,,,,

EQUIPMENT LIST \

None

A Real Killer
'S ~
This is a gor.wra.l interest excursion.

- The Black Death, now called bubonic plague,~1s a disease

spread by fleas infected with the bacteria Pasteurella peslis.
The bite of an infected flea transfers the bacteria to the
animal bitten. Because rats carry fleas, they help spread the
disease from- city to city and home to home. The rats them-
selves may become infected with the discase. The bacterial
cause of the distase was not discovered until the 1890"s—
about five hundred years after the great plague of the 1300's.
Even when the bacteria was discovered, it was not known
for sure how it was spread. It is now knowr that the disease

{ . -
can be carried directly from person to person as well as by

‘the flea. N . -

Va .

[N

PURPOSE <

To explain the cause pof the Black Death and
show its effect on world populatron

a

Excursion 1-1

<

! MAJOR POINTS

1. Bubonic plague is caused by bagteria that
can be carried by fleas _ __

‘2 .The disease can spread from person to
person, as well as be spread by rats.
3. Qvercrowding. poor sanitation, and lack of
personal hygisne contribute to the spread of
disease. ‘ ’ o, -
4. A hu@ number of people can die as a
result of an epidemic.

5. A graphlcal representation can show pop—'

ulation changes better than a table tan.

9
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Depending on the amount of skill in grqphlhg

\

that students bring with them, you may find
that some additional help is necessary. The
“factors that seem:tq cause the most trouble
are the following: '

1. The scales do not start at zero.

: 2. The population figures are in millidns.

3. The "ysar” ‘tigures are not given in equal
- intervals. -

96 EXCURSION 1-1

-50 million to 120 million people. Label only the lines that

In the 1300, conditions in Europe were bad. Famine and
overpopulation had produced poverty .and overcrowded
towns and cities. Raw sewage pOlllD\ed the streets, and sani-
tary facilities were less efficient thaw those of Caesar’s Rome.
Cities were rat-infested, and people were ridden with fleas
and lice. Conditions were ideal for the spread of a discase
such as the plague.

In its journey across EurOpe the pla&uc took a great many
lives. You can better appreciate the impact of this great crisis
if you plot the data from Table 1 on the $r»g of Flgurc L.

Table 1

[ . ot e ...-.._.».e..r,.m._....-—_.v...v.fw..-_-'-m--r W’mf

; Approximate Approximaié. - U
Population fi Population . ,

K (in millions)* Year (in milliqns)‘ ’ Year

; 56 - 1000 " 6! 1450 -

2 58 1050 69 1500 T

b 61 o | s |isso ®

§ 64 1 1150 10 1600 f

! 68 1200 10 1630* - \;

oo o | ase 10 | 1660

fe 019 | 1300 R EC i

¥, 83- " 1350 i -

,L 60 1400

* Estimated data; actual data unavailable.
** Note that these figures are not for 50-year intervals.

-
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Some -graphs don’t start-at zero. As you label your vertical
scale on Figure 1, notice that you can label the bottom line
“50” (for a populatlon of 50 million). Every horizontal line
can then stand for an increase of one million in the popula-
tion® And your vertical scale can take care of a range from

show an increase of 10 million population, and your scale
won’t become cluttered. o

The horizontal scale shouldn’t start at zero either. Label
the left-hand vertical line “1000,” -and you should be able
to complete the scale easily. P 4
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U1, As you move 10 the right on the horizontal scale, what
increase in years will you let each thin vertical line represent?

o e
cach hcn}ry vertical line represent? S

-

(J2. Explain why you think it is, or is not, necessary (o label
on the horizontal scale every year that is listed in Table

1 10 years; 100 years

[ 3

2 N is not necessary As logg as you knaw
that each haavy vertical ine represents 100
yoars, and that the intervals between the
heavy lines are divided into 10 equal parts,
only the heavy Jines need jo be labeled.

Figure 1 ->

-

'

o

1?7 - / -
) .
TIT INANENNERE V1 181 T
! e Saasease o f jaaasacam
' 11 +r-fdaitr . RS
1 + w ¢ + M hal I
MRS E1 +
Stiane sansaciey Eyamences sadt: =
by T 1 T T T
o IS M
' T 18 suean
SEESiass maeseete] IEAIY :
T 1+ e 4 nRS . S8
T 1 r*l’ 11
I 1L 1]
1+ *
BISHEON 5880 N 1 1 a
1 . e !
b o
v +1-41 + gt 4 1
T 1O 1 1 t
e 1 t1 18 S T
1} 11T MG B L S $
T T indnsusw Bu! 1 . T
+ I 3 ST 1 I N 1
_— T ~+ . v +
= nne
: $ t H }T’ l.l R
Tt L W T T
= 1 i® ot Y 1
= " ; ! L0 el 1
E t T I | . 1 t
: . : asu st inau I
a . T s ] : .
it T +r e + t
o T i H 13 T
- { 3T M
A . T T v Ad
T ; 1 T r
L T T 1
= 1A P 88 = I 18 L S SN
M - +
" Tt Sum p
+ R I ) a4
. - + - T
t 5 ! TE
T B -+
hhy S5 Sit o
} +tr
<t } + + -
+ T )¢
M : ; T :
1
—
1
T
$
t
i
-
+
M
N8 O
}. -]
Y ase. 18g3sTas! 1
1 1 4 M )
w - ] 1T I M 1
| : -
-
A.D. 1000 Year

(3. According to your graph, when did' deaths from the
plague occur at the fastest rale? ’

CJ4. How many years passed before the populauon of

"Europe again rose to the pre-plague level?

.[J8. What do yoy think might account for the dlp in the
" graph during the 1600's?

(Je. How would you find out if your_answer to question 5
. i8'a good one? S

§

5. The student might infer'that another plague
hit. He would probably have no way of
knowing that this was the so-called Great
Plague of 1665 that struck, among other
cities, metropolitan London. During some
weeks, more than 30,000 peopls died in this
city alone. In July, August, and Septeinber of ..
that year over a tenth of the population of
London died of it. Schools and universities
closed; people fled the city. Isaac Newtan, 22
years old at the time, went back to the country-
side, and in 18 months, working by himself,
laid the foundations of his laws of motion,
universal gravitation, optics, and the mathe-
" matics of ocalculus—an interesting conse-
quence 0f>so great a disaster. :

EXCURSION 1-1 97 .
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Perhaps you would like to do some outside reading on
the history of the bubonic plague. Here are a few references:

Y
The Black Death. G. C. Coulton. Earnest.Benn Ltd. /

' : : . | The Black Death: A Chronicle of the Plague. Compiled by -
Y | . Johannes Nohl. George Allen and Unwin Ltd.
i 0 The Bubonic Plague and England. Charles F. Mullett. Uni- -
/ versity of Kentucky Press.
The Medieval' Plague: The Black Death of the Ages.
; Coe Geofirey Marks. Doubleday & Company.
1 ) N Plague and Pestilence in Liierature and Art. Raymond :
. - -

Crawfurd. Oxford University Press.
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EQUIPMENT LIST

Rearranging Particles

This Is a remedial-review 8xcursion.

'

A particle mode) for matter was introduced in Volume | of
ISCS, and dcveloPed in Volume 2. This mode| is based on
scientific research, It is ap attempt to explain the countless
observations scientists have made of matter and its behavior.
This scientific model atlempts to account for the many simi-
larities we see in the appearance and behavior of the sub-
stances that make up our world. The model also attempts
to explain the differences we observe in substances.

It is impossible to provide all the arguments and reasons
for each part of the particle model in the short space of this
excursion. But it may be of help to list the different parts

of the model, and then to explain a few of the more impor-

tant ones.

1. All matter is composed of particles.

2. All matter is made up of one or more kinds of matter-
particles called,aroms. There are 100 or so different
kinds of atoms. '

3. Substances composed of only one kind of atom are
- called elements. , )

4. During chemical changes, atoms undergo rearrange-
ment. New substances formed during. a chemical re-
action are new combinations of the atoms that made
up the original substances. These reactions may be
accompanied by temperature changes.

5. When atoms combine, they do so in an orderly way.
‘They are selective in combining. Atoms of one kind
do not combine with every other kind of atom.-When
atoms do combine, a definite number of each is in-
volved. o : '

Excursion 2-1

/‘.\

PURPOSE

To review or reinforce the particle mode! of

matfor from ISCS Levels 1 and 11

..

/

Answers to Ch'eckup
on page 8:

The following statements are
correct and should have been
marked with a check (v).

1. abc

2. acd

3. bc

. i you Incorrectly marked more
. than one of the 11 cholces for

the three questions, you
should complete this excursion
before going ahead with
Chapter 2. 1t will give you a
quick review of the ISCS
particle mode! and how it
explains chemical change. -

ad

MAJOR POINTS

" 1. The 12 points of the model are enumerated.

2. Certain parts of the model are emphasized
as being more Important in environmental
studies. ’ _
J. Reactants and products in a reaction are
redefined.

4. Atoms are _conserved; the atoms in the
products of a chemical change are the same
as those in the reactants,
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6.

Substances composed of moye than one kind of atom
combined in definite numbers are called compound

1.-All matter is composed of three kinds of particlé

10.

1.

. .the changes you observed w
such as fish and microscopic organisms..--

containing charge.

a. One kind of particle has either-excess negative or
excess positive chdrge. These particles are called
ians. o

b. The other two kinds of particles contain an’ equal
amount of bolh%si(ivc and negative charge. They
“are said to be neutral. These tw6 kinds of particles
are called molecules and atoms.

. Electrical forces between opposite kinds of charge hold

together atoms and molecules, as well as ions, to form
clemen(s and compounds.

Molecules are made of atoms. Large molecule} can
be broken up gnto smaller molecules and even into
atoms. And smaller molecules can be combined to
form larger molecules.

The neutral atoms in a molecule are held together by
the force of attraction between opposité charges.

All or any of the following can be used-to increase
the rate of a chemical reaétion..

a. Increase the concentration of one or more of the
" reactants. ‘ a '

$. Increase the temperature of the reactants.

c. Add a catalyst to the reactants.

. Energy changes accompany chemical reactions. When
combined particles are separated, energy is absorhed

{romhe surroundings. When separated particles com-
bine, energy is released to the surroundings. ‘

v 3

T . & T

If you studied Volume 2 of ISCS. you -may remrember that
the particle model for matter and its changes applied to both
living and nonliving’ things.th proved ‘useful in explaining

en you studied living creatures: -

4 g ar N e anmandpn t P thy SO Y
AR MY A A Y PAT I 2 A
SR Ty, e PT T EE 3

>




At s i < i

AN,

oy

L_x\,

Each ‘part of the particle model is important. sHowever,
there are some parts of the model that need more cmphasis.
These ideas will help yofmndcrsmnd more fully your study
of environmental changes. ' '

The model assumes that all substances in nature are made_

of invisible partucles called atoms. - ' '
(J1. What name is

given (o substances containing only one
kind of atom? ' |

()2, According to the tnodel, how many substances are there
that contain only one kind of atom?

[J3. What name is given to substances containing two or
more different kindgof atoms? L

CJ4. Does the model suggest how many substances there are
that contain two or more different kinds of atoms?

Because of certain forces resulting from eleetrical charge,
atoms may be attracted to each other, As a result, the atoms
form combinations. These combinations are what hold atoms
together in elemental and compound substances. Figure I
illustrates this.. ' #

Element

st

[

FRERN -s:.y...mfv.‘wm\g;ﬁ‘wmm V. .‘sr--’_‘-b-. e

-
u

4. The model does. not suggest the number N

of substances. Actually the number is astro- * - 'y
nomical, and new substances are being syn- ~ B
thesized all the time. : . "

Figure 1

,‘n

o,
h .

;‘Cémpdund

L

A bhéinical q,h;nge is .sai("i- to h
of-the following take place: .

ave occ

_—
urred whenever any

1. Atoms of one clement- combine with those of another

L
- Y

7~ clement to form one or mofe hew: combinations.

AN
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'EXCURSION 21

Figure 3

&

Compound -

5 b o

e

Reactants Produot

combinations. -

Elomont Compound

8&3

Reactants Products

'
t

¢ 3 Atoms of two or more compouads combine to form one

or more new combinations.

N \

BrBERES

Products

Compound ,

Reactants

In each of the cases, the starting substances and their atoms
are called reactants. The new substances produced are called
products. The arrows indicate that producfs come from re-,
actants. i

THie atoms in the products of chemical change are ar\‘:vays
the same as those in the starting reactants. This idea of atom
conservation is very important. Check the illustrations in
Figures 1 through 4 to see if the symbols show that atoms
are conserved.

The particle model says- that {ombmcd atoms are held
tt)gethcr by forces of attraction. If réactants are to be changed
to products, a very important thing must happcn 1o the
reactant atoms, They must be separated so that they can
combine in new ways. Unless new combinations are formed,
no new products result. To separate the combined reactant
atoms, the forces of attraction between them must be over-
come. Overcoming these forccs requlrcs an mpul of energy
'in some form. :

-~

2. Atoms of one ‘or more elements combine with atoms
-of one or more compounds to form onc or more new

%*Bi’ﬂ
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The energy needed to break up combinations of atoms can
be tn one of scveral forms. Heat, light, and electrical energy
can all be used to separate combined atoms so that chemical .
changes can occur. ’ i
Once the reactants’ atoms have been separated, they may °
- o ‘then combine in new ways to form products. In terms of
'?‘ - energy, these recombinations afte the reverse of atom separa-
“tion. The separating of atoms absorbs (takes in) energy. The
combining of atoms releases energy. Figure 6 illustrates the

v ~
Kbty o -

P T

{ total reaction process. s . i 5
'... a s : . \1_":.(“.‘_':555:_1__ “
- s N
g - o (@ .
. ) ) « Al
o . E §> °) D-(U .
$ . -
! 4‘\3‘- i
i Reactant atoms ‘ Energy Reactant atoms & Atoms recombined ),
_ combined. addm_i. X separated. . as new product.
'g _ | -Temperature changes frequently occur as a result of a ) \
' chemical change. These changes result from the absorption !
~and release of heat by the reactants. , ) )
7 N . [
C18. In which of the following reactions do you predict the 5. The temperature of the surroundings wi . e
e S . . ‘Ho: 2 will _ decrease in Reaction A, increase in Reaction N
P temperature of the surroundings will increase’ will de B. it is not important for the student o Krow, N
_ + crease? o . but A is an endothermic (heat in) reaction and . Ok
' L . _ i 8 Is an exothermic (heat out) rgactlori. v j
Reaction A:The heat needed to separate the reactant atoms ‘ \ ‘ !

T ) o

=
’.‘

bine to form products. ‘
Reaot,i;;:/ﬂ: The heat needed to separate the reactantatoms ' g » \
na

.y e e
is less

. : b
ts greater than, the heat released when those 2\oms recom- ' : I

n the heat released when those atoms recombine

" to form products. EXCURSION 2-1 - 103
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(J8. Suppose a chemical reaction resulted in no change in
the temperature of its surroundings. What would you prcdicl
about the energy absorbed and released by the reacting

atoms? f
b X You should be aware of another ngpormm characteristic
. o ’ of chemical reactions—their rate. The rare of a chemical

change refers to how fast the reactiooccurs. Some reactions

_ . occur so rapidly and violently that we refer to their rate as

/ " “explosive.” Some reactions occur at a rapid but steady rate.
And some reactions are very slow indeed.

Figure 7

.
Most of the chemical reactions you witness from day to -
day vary from slow to reasonably rapid. Very few are ex- -
plosive. The slow and rapid reactions can;bc speeded up;
however. There are three ways of doing this. ‘
! ’
1. Increase the temperature of the reactants. (It is reasoned
that increasing the temperature speeds up the addition
¥ There are many important implications aof of the energy needed to overcome the forces holding
tiese factors that affect rate of reaction. ) . T
E " Specifically, Chapters 3, 7, and B are directly reactant atoms together.)
concerned with concentration (of microorga- 2. Increase the concentration of one or more of the rc-
i © nisms and pecpie) and Chaplers 5 and 8 with actants. (Increasing concentration is thought to bring
temperature (of air and water).

- more reactant atoms together faster, thus making reac-
tions occur more: quickly.)

e 3. Add a catalyst. (A catalyst is ‘a chemical that, even in
: : ) very small amounts, speeds up a teaction. The prccnsc
b | Y ' reasons for its effects are not known.)
- Items 1 and 2 will be the most important of the three to
: remember for your work in this unit,
] 104 EXCURSION 2-1 Now return to your work in the chapter.
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EQUIPMENT LIST PURPOSE
None . _{"\_ To Investigate possible results of man's
. attempt to affect the relationships between
. . organisms for his own benatit.
} -
o " MAJOR POINTS ;
' 1. it is posasible that coyotes do more good-
than harm in keeping other organisms under'
' control. - -

This is & general interest exgursion. - 2. Extensive study must ba done before an
intelligent decision can be made on control-
ling the environment,

“Wanted—Dead or Alive.” Such sign3 are tb be found .

.. . throughout the United States. _Howcvsr, they no longer apply ¢
g to outlaws.. Instead, they are aimed at certdin animals that § :
oo ' PR . ' R " By . h A
by some men believe should be eliminated. These include such
oo animals as wolves, coyotes, hawks, and motuntain lions. Be- ;
B | cause these predators sometimes feed upon man's livestock, . '
) they have a “price on their head” in many states. Should
b these predators be killed? What happens when these animals
are eliminated? This excursion will help you answer these
questions, . ‘
:- r =
Y
-
U ‘The coyote is a common doglike animal that-lives in parts
.= 73 of the region shown in Figure I. 3 105
e 126 .
‘ ' »
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This excursion should not be looked upon as
an exercise in “'choosing up sides’ betweén.
farmers and ranchers, ‘and conservationists.
The'tocus should be aon the interaction of .
organisms in their environment, and the

- difficulty in making intelligent decisions con-
cerning problems of this nature.

106 EXCURSION 2-2
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Once occupied by buffalo and sagé hens, this region now
supports cattle and chickens. The coyote and some other
carnivores (meat eaters) have shifted their feeding habits to
include the new domestic organisms. Farmers and ranchers
claim that millions of dollars worth of livestock are destroycd
annually by coyotes.

Supporters of the coyotes don’t question the fact that they
kill livestock. However, they suggest that the coyotes do more
good than harm by eating large numbers of rodents. Because
of this coyotes help keep the population of these smaller
plant-eating animals under control.

When rabbits or rodents are common, coyotes may not
eat all of every one they kill. When rabbits or rodents are
scarce, however, coyotes usually consume all of each catch.
It is estimated that a coyote eats about 125 cottontails and
15 jackrabbits a year. The coyote may indeed save grass for
the rancher’s animals, because each rabbit would otherwise
be eating the grass that cattle or sheep might eat.
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caten by rabbits, cdws, and sheep are shown in Table I.

ps
Number of Rabbits it Takes
to Eat a§ Much as;
’ One cow Onc sheep
Jackrabbits 75 - I5
~ Tottontils | 250 50 i

Table 1

&
(1. How many <{ ws could be fed on the grass that each
coyote saves when' he eats Qil,s year’s diet of cottontails? his
year’s dict of jackrabbits? <

Suppose a region has a popula,ubn of 25,000 coyotes and
an ample supply of rabbits. =

[J2. How many cottontails would 25,000 coyotes eat annu-
ally? How many jackrabbits?

(J3. How fmmy additional sheep could graze on the grass
saved by the coyote? (Assume only sheep are raised in the

region.) ‘ . : .

Oa. If only cattle were raised in the region, how many addi-
tional co%vs could be fed by the grass saved by the coyotes?

Coyotes do-a good job of controlling the population of
rabbits and rodents. Without the coyote, these populations
would be likely to increase at a high rate.

(8. How would such an increase affect the amount of graz-

" ing land needed to nourish a cow?

Some estimates comparing the amount of plant materia) ~

9

1. Each coyote eats 125 cottontails per year.
The 126 cottontails would eat as much as }
& cow would eat (2 coyotes would eat
enough cottontails to “support” one cow).
Each coyote also eats 15 jackrabbits per year.
The 18 jackrabbits eat as much as | of a cow
would eat (5 coyotes would eat enough jack-
rabbits to “'support’” one cow).

2. 25,000 coyotes would eat 3,125,000 cotton-

. tails and 375,000 jackrabbits .per year.

\
3. 3,125,000 cottontails would eat as much as
62,500 sheep, and 376,000 jackrabbits would
eat as much as 25,000 sheep. The grass
saved by 25,000 coyotes could 1eed a total of
87,500 additional sheep,

4. 17,500 additional cows could be fed by the
grass saved by the 25,000 coyotes.

EXCURSION 22 107
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6. The 25.000 coyotes could save ranchers
$437.500.

Answers to questions 7 and 8 will vary. The
student should be able to come up with his
. own conclusions. . Economically, additional
information on the valua of livestock killed by
coyotes would have to be available betore a
detision could be made. However. there are
other considerations besides the economic

ones. \

. |
108 EXCURSION 22,
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[16. Suppose it costs about $25 per cow cach year (o provide
grazing. How much money could 25,000 coyotes save ranch-
ers eachiyear for the cate in the region being studied?

Of course, this is only part of the story. If rabbit and rodent
populations are very small, a coyote may eat chickens and
an occasional calf or sheep. They may also eat insects, ber-
ries, prickly pears, and even mud! '

(J7. Write in your Record Book your conclusions concerning
the good and bad points of coyote control. L

(J8. What additional information would you like to have
before you can decide whether bounties should be paid for
dead coyotes or whether it §hould be made illegal to kill

coyoles?

PR A W IRUPN e el ath Bt ds ] AR ) o T TP T DN T S e Aoy ey % el :
L f&"\é“t‘ RS SN \‘a‘é‘-. Al g LA A b GRS Al i s ranados Ay, .;\,
- AN * - S . - S ! . C ‘ o A R LRI

!
i
'
i

. -d D - .‘..‘.‘-.'xgkfﬂﬁfmﬁf;&;féw% :*! . .1 .




. [0 , -
oy . 2 mn y ,.:AA v A 4 f‘ & - S Lo > " ¥ _“. N ;ﬁ. -.<‘ ‘.
EQUIPMENT LIST ' . PURPQOSE
None To examine our source and use of water and
. - to ralse questions on the conservation of this f

natural resource,
N

A Drink of the Nile Excursion 3-1

This Ia & general interbst excursion on the MAJOR POINTS
S Important subject of the water cycle. 1. The replenishment of surface water by
-~ precipitation is not uniformly distributed
across tha country.
2. Many factors affect the availability of water
i in a given region.
| 3. Three major uses -of water are domestic,

. . ] agricultural, and Indystrial.
r Some of the water in' your last drink may once have been Y demand for water Is increasing at a

.. part of the Nile River. As impossible as it may sound at first,  rapid rate.
i{. it makes sense when you look at;the never-ending movement . ) ~ : .

of water. Figure 1 shows the so-called water cycle. The im-

~

: _ portant thing to observe is that the water is used over and ’ '
o over again. - ¥
+4 » ° Notice that water fiills to earthas precipitation (rain, snow,
. sleet, hail, etc.). .
= | . ! ‘
Y I 3 (L “" .
: (11. Once.having fallen to earth, where might water g0? AP
8 . g g
* " ' o . . ? ' o
- (J2. How does surface water get back into the air?
i - Figure 1
i ~ Clouds cool
)’ LY
! .. » .
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Look closely at Figure 2 and you will sce that precipitation
does not occur evenly in the United States:

Precipitation key (millions of liters per day per square kllometer)®

lLeas than 0.35

% 0.3510 0.78

— ] 07610 1.80 g >
\
ﬂ 18110 3.0
m 3.1 10 6.0
B Greater than 6.0
i B | .
i
W Fligure 2 []3. According to Figure 2, what is the approximate average -
” precipitation where you live?
4. The Pacific Northwest (J4. What sections of the country receive the greatest pre-
5. The Death Valley area in the Southwest cipitation?
receives the least nm'%
6. Accept any answer. student would not . . ..
be expected to know that these large ditfer- D. What sections of the country receive the least precipi-
ences result mainly from topographic (moun- tatiqn?~
" tain) interference with the flow of wind over »
the surface of the earth. low do you explain the large differences in precipi-
tation? !
: ' | The amount of precipitation is not the only factor that )
- , " affects the amount of water available in a given region of -
the country. Climate, soil types, amount of runoff into the
. sea, and population also have their effects. As a result, some
areas have 4 surplus of water, while others have a water
3 deficiency. The effect of humans on the supply of water is
g " 110 EXCURSION 3-1 a serious one.
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Just how much water do people use daily? Table | shows
the average amount of water used in some everyday acuvities.

Table 1
AVERAGE DOMESTIC (HOME) WATER
USE IN THE UNITED STATES
Amount
_Purposc (liters per person per day)

Flushing toilets 78
Wﬁst;ing and bathing 70
Kitchen use 1
Drinking water 10
Laundry 8
General houschold cleansing 6
Gardening 6
2

Washing the car

(J7. How much water do you estimate that you use daily?

DON"T WATER DO
YOUR GSTIHATE...

s

If all the water used in a day in the United States were

" divided up among the people, each person would use about
_ 375 liters. The use of such large quantities of water is mainly
" the result of industrial and agricultural demands. And these

demands continue to incregse.

-

‘8. What is the total average daily domestic water use

in" the United  States? (Aesume a US. p0pulauon of

2I0000000)

5

TN

- ~

it Is pointed out below that the use of water
by the public includes more than is shown In
this table. if these figures are totalled. they
amount to 191 liters per person pe? day. But
this only represents some daily activities. If all
public use is included (that +4s. all use other
than industrial and agricuitural) the tigure is
about 575 liters per person per day.
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able 2 shows how the demand for water has increased
in the United ‘States this century.

Table 2

AVERAGE DAILY WATER USE IN THE UNITED STATES

Type of Use (bilhion liters per day)

Industry and Stcam Total Water
Domestic Agriculture Electgic Utihties' : Use

1900 N b _ 76 57 | . 152

1920 32 ' ‘ 347

1940 - 50 517

1960 106 .12
1980 - , 1,846

—

s Estimated ¢,

el

. Lok v [J9. According to the data in Table 2, what trend is evident -
R k- ;' in water usage?  »

10. In 1900, agriculture used the most. In  []110. What activity used -the most water in 1900? in 19607
1960 industry was the biggest user.

- Industry has increased its demand the  [T]11. Which category in Table 2 has Incrcased its demand
most both in numbers (548) and in percent )
(1061%). for water the most? ~

12. The increase in water use is much greater

than the increase in population. While the
population doubled. domestic use has in- Today almost twice as many people llvc _in the United

. creased almost 4 times, agricultural aimost 3 States as did in 1920.
times, and industrial about 8 times since 1920. ‘

N 1

. (J12. How does tbe increase in water use relate to the in-
crease in population during this century?

The demand for water will certainly continue to increase.
This increasing need raises many serious questions Will
there be enough water available to supply a growing popula-
tion? What can be done to conserve our present water sup-
plies? How-can we find new ones? Can water be redistributed
so that it is available ‘where most of the people live? Will
it be possible to desalt ocean water cheaply? Can polluted
water be made usable agam" These are just a few of the
) questions that you and your classmates will face and pehaps
112  EXCURSION 3-1 help to answer during your hfcumc
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EQUIPMENT LIST

Al the germinated seeds trom the control
dishes in Chapter 4 >

8oll mixture

1 hand lens

1 millimeter ruler

2 one-quart mitk cartons

5 temspoons of powdered or liquid detergent

J planting containers ﬁ,.— |
Clean Vegetables?

This is, & general excursion. {

2 paper towels
1 rubber band

4

Suppose you planted some healthy seedlings in soil. And
- suppose you watered them with water containing detergents.
What effect do you think this treatment would have on the
growth of the plants? This excursion will help you answer
this question. You will need the materials listed below. (Your
teacher may allow you to take your materials home for this
investigation. If so, take only those items you know you don’t
alrcady have at home. If you do yqur work at school, skip

Activity 2. Remember to water and observe your plants.each -

day during the weekends.) "

20 radish seeds (or all of
those that germinated
in the control dish
from Chapter 4)

Soil mixture (Obtain as
needed.)

1 hand lens
‘1 millimeter ruler
2 onc-quart milk
" cartons or bottles

5 level teaspoons of
powdered or liquid
detergent

3 planting containers .

(cans, halves of milk
cartons, or styrofoam
cups)

2 paper towels

1 rubber band

ACTIVITY 1. Remove the filter paper and seedlings from the
two control petri dishes of Chapter 4. Rearrange the seedlings
90 that their roots are parallel. Lay another plece of paper
towe! on top of the seedlings.

PURPOSE

To investigate the effect of watering healthy
plants with detergent sofution.

Excursion 4-1

MAJOR POINTS

1. Various methods can be used for measur-
ing plant growth.

2. Variables that can aftect plant growth must
be controlled in the investigation.

J. Detergents aftect radish growth in propor-
tion to their concentration.

The student should be aware that this excur-
sion will require 7 consecutive days. Note that
Activities 1 and 2 must be dpne prior to
moving the plan® if the investightion is to be
completed at home. If done in school, the
seedlings need oniy to be removed from the
dishes before continuing with Activity 3. In
that case, the 2 paper towels and the rubber
band will not be needed. Py
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) . ACTIVITY 2. Gently roll the paper into a cylinder. To prevent
breakage, be sure the cylinder axis is paralle! to the seedling -
roots. Wrap another paper towel arouhd the cylinder, and
secure it with a rubber band. Your seedlings will now be

pd protected for their trip home. ‘
{.‘1‘ /\ f)
3
. Seedlings \
e /z"— T
. 7.
/
/
. _ ‘( ;?6
\ ; ‘?
) .
.l. . \ -
\
h (9 ] \\
, L >
- : . ACTIVITY 3. Fiil three containers (cans, cartons"or cups)
| . N about 3/4 tull”of _soil mixture (soll and sand, or soll and
o Soll ' Sand or vermiculite vermlcume) Label the comalnen “A,” “B,” and “C ” .

LN
Ty

s ACT‘IVITY 4. Punch holes in the soll with a pang\t‘maklno
an equal number (abom 6) in each contalnor
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ACTIVITY §. Plant one seedling at a time. Place It root down- '
. . .ward in the hole and push dirt in around it. Do this gently
: %0 as not to damage the root. Gently press the dirt around

the root. Repeat this procedure for each plant. Plant 6 plants
In each container. '

ACTWITY 6. Put one level teaspoon of powdered or liquid
detergent into a quart of water. Stir .the solution gently but
+ thoroughly. Label the container ‘‘Detergent Solution A."

1

One l_ové] teaspoon
of powdered or
liquid detergent

ACTIVITY 7. Put four level teaspoons of powdered or liquid
detergent into the second quart of water. Mix thoroughly, C
Label thcg;ontélnwfoetefg?nt Solution B.” ‘

Four level
teaspoonfuls

»
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You arc now ready to begin your investigation. You should \

plan to water the plants each day for several days. Follow
the instructions in the next two activities. Keep the plants

Ny . in a well-lighted place but not in direct sunlight. Be sure )
oo ' all get the same amount of light and heat. -
A good question for the student to ask himself You will'need 10 determine your own method of mcasunng

is, 'What are all the tactors that could attect
plant growth?” These must afl bs controfied the growth of the secdlmgs One measure can be of the

(kept constant), except the liquid that is-  plant’'s height. Record in Table 1 the average height for the

*dded to the soll. group of.seedlings in each container. Do this each day for
7 days You can zﬂso check the root growth to see how the: ™ i
e s e e - T : o lﬂnt IS dOln v . L : .
Table 1 P & : |
% +
N ) Avcrage General
" : Height-af Conditon. . :
. o Scedlings of Roots Additional Observations
t "~ Container A )
! dn): ?mcr Comainer B \ /
‘ planting —
. RN ‘ Container C :
. _ Comaiher A | : - L.
| - _ . .
L 2 day_; after Container B i / \ _ ' o :
- o planting - : . : - ' '
' C S Container C ‘
S : . , ‘ ———— = 2 —
. - : Container A . : . h
d —— i
3 ays after Container B " o
planting ' e ' ~ , £
Container C “*i :
- Container A - . . _
_ , , 4 da)s afler Container B I >< . s
o R plannng . . . . ‘o .
B : ' Container C - - : T : .
. Container A o _ ‘ _ - ’ Y
. 5‘(!ay.s_ after Container B |: ' N R
] : : plamlng__ K - ; . :
, S : - | Container C . B R _ S ©
_ . _ .| Container A S _ ' f o ’ N PO .
- o 6 da){s .aﬂ" . Container B ) >< o o
. .-+ planting o - —— — . — .
e ' s Container C o . ' TR
== 4= —— L . —= . ' )
o - | Container A o . - .
¢ o ’ — —1 - R : : - - o ol
- LR ! d‘?"\b ,_;_lﬂcr - |- Container B e TR, _ ) WO T AL
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. ‘\ e "":i"’
dais 5, i "‘-';‘ Aol b .:‘ﬁ -Sf-llq‘n, .

~

*:”_."-w%%s“‘%% %ﬁ@:&h A e N S




ACTIVITY 8. Each day, after making your observations, water
the plants. Plants in container A receive enough of solution
A to soak the soil. Those In B receive the same amount of
solution B. The plants should not be standing in water. Pour

off any excess. .

-ACTIVITY 9. Rinse the glass before adding onough tap water .
to contalner C to soak the soil.

_ ACTIVITY 10. On the third day, use a spoon to carefully uproot
' one seedling from each contalner to examine Its roots. Try
to select the healthiest plant from each container. Gently
! remove any soil clinging to the roots by dipping the roots Into
: water., '

. R ACTIVITY 11. Lay the uprooted seedlings on a labeled sheet
T of paper. Examine them closely with a hand lens. Compare
| } the roots and describe them in Table 1. You may then discard

tho uprooted seedllngs
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Repeat Activities 10 and 11 after two more days, and again
after two additional days, uprooting onc maore scedling from
each container each time. Record the resalts in Table 1.
. .
(1. How do different concentrations of detergent affect the
plant development? (Record your conclusions about the in-
B : + vestigation in your Record Book.)

032, In what way, if any, does your investigation suggest yon
should ghange yoor anfer to question 4-6 in Chapter 4F

3. The student has seen an effect of deter-  []3. Do you predict that the detergent solutions would have
gent solutions on germination and on growth _ . e ermdlia Gch B
ot TRdln seeds T?mo is no basis'foy & pre. - N same-cffect on other scgd-hngs. Explain your answer:
diction about other seedlings. Accept any
pradictions. It is poasible that some seedlinga
might be “‘detsrgent-tolerant,” similar to the
, way some plants qre salt-tolerant. \
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EQUIPMENT LIST
ano

PURPOSE -

condltions on air pollution.

Smoggy London Town

1

This excursion Is for genaral inlerast and en- .
richment. There Is a good tie-in with the unit

on meteorology. “'Winds and Weather,” in

the discussion of temperature inversions

-

December 3, 1952, was a beautiful clear day in London. The
weather forecasters reported that a cold front had passed
during the night. At noon, the temperature reached 6°C. The
air was slightly damp, and the sky was full of clouds. A cold
wind blew in from the North Sea. Blowing southward across
all England, it pushed smoke from_factories ahead of it.

On December 4, the wind speed lessencd. Several low
layers of dark-gray clouds almost covered the sky. The noon
temperature was 4°C and the air more moist. The smell of
smoke penctrated into buildings as doors and windows were
opened. Winds in London were not strong enough to carry
away the smoke pouring from the chimneys.

By noon of the following day, the temperature was |°C
an&thc air heavy with moisture. Because of the high humid-
ity and cold temperature, a fog reduced visibility. Movement
in the city became difficult. Airplane flights were cancelled.
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To show some Causes and offects of weather

MAJOR POINTS )

1. Air pollution. when couplad wnbl certain

weather conditions, can seriously atfact hiving
and nonfiving things.

Excursion 6-1

2. Frequently the air temperature decreases
with an increase in altitude,

3. Normal mixing of the air carries the pollut-
ants away from the earth's surtace.

4. Under certain conditions there is a layer of
warmer air at a higher altitude. This i1s called
a temperature inversion.

5. An inversion can hoid pollutants close to
the surtace of the oarth.

6. Advancing cold fronts are a major cause
of temperature Inversions.

7. When temperature inversions occur over
densely populated or industrial regions. smog
is likely to form.

* e -,

e _‘.\v..- c 6, s ;. A, g; ﬂ,“.la’l%‘; \-j i .'.-‘\\,'i L

A LA A A B 5
: 32 ) AN Y 2 REAAA,
f ;

b

e
7

NEMIA o ey a B SR o aa
T P VIR I IRy




Certain areas on the West Coas! are bothared
by smog. Automobiles and industrial installa-
tions dump pollutants into the air. A,mountain
range can keep ‘the prevailing wind from
blowing these products away. and If the arr
cannot escape the surface, s;nog often torms.
Around the large industrial centers in the East
the condition can occur without a mowntain
range..if the wind is slight and an inversion
traps the .ocontaminated air close to the

ground.
R H

The rate at which Yemperaturs changes with
elovation is cailed ° lapse rate. The so-
callad average, or normkal_lapsa rate is about
.0.006°C per meter. This would be about 1°C
per 150 maters. which is the altitude interval
in Table 1. As can be seen from the table, the
decrease per 150 m varies from 1°C to 6°C.
and between 150 m to 2100 m altitude
(1950 m) the temperature hag dropped from
26°C to --12°C, or 37°. The average lapse
rate from Table 1 would thus  be about
0.019°C per meter, or about 3 times as great
as the .normal. This would be called a steep
Iapo? rate. '

™
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EXCURSION 6-1

e

~about 4,000 more people than usual died from l\mg condi-
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Very few pcople tried to drive. Even wulkingﬂas hazardous.
The wet, quiet fog that covered the countrysitle. was foided :
with smoke and soot particles. London was the capyfve of
a great smog—a mixture of smoke and fog. These conglitions
existed from December 5 to December 9. . \
There was no escaping the polluted air. It cre pt intq every
room. It irritated eyes and skin, and brought on 3jcvere
coughﬁag for thousands. Hospitals \vcrqammcd with people.
During the five days of the fog and in the week-follpwing,

tions worsened by the smog,

On December 9, fresh-air began blowing in from th south\\"
On December 10, the smog was pushed away by a breeze
coming from the north-Atlantic.

The smog crisis in London in 1952 is an‘extreme cxample
of similar conditions that now, exist almost daily in many
large cities and industrial towns of the United States.

These air-pollution conditions result from a combination _

%f weather conditions andsman’s output of pollutants into “
the atmosphere. But how does this combination take place?
Perhaps you know some of the answers already.

Table 1 provides data on air temperature taken by a
weather balloon at different altitudes. Use the grid in Fi
I in your Record Book to graph the data from the tabl

Table 1

]
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2100

1800

1500

1200

'

0
Temperature (°C)

—-20 15 10 _—5 10

. [J1. What relationship bel:.veen altitude and temperature is
shown by the graph of the data from Table 1?

Frequently, the temperature of air at the surface of the
carth is warmer than the air high above the earth. )

You may know already that warm air is less dense than
cold air. Because of this, warm air is forced upward. Or to
say it another way: the mass of a volume of warm air is
less than the mass of the same volume of cooler air.

Because it is denser than warm air, cold air falls toward
the earth. This pushes the warmer air up. Under these condi-
tions, the vcrticalY\up—and-down) mixing of the air keeps the -
atmospheré stirred P. When smoke and other pollutants are
poured into the air, they rise on these air currents to a dis-
tance far above normal. breathing heights.
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1. Temperature decreases as altitude in-
creases. :
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Why did the pollutants in the London air stay ncar the
ground for those five days? Something must have stopped
the vertical air motions just described. Lel's see what the L
different conditions were hke.

From the description at the beginning of this. excursion
(you may want to read that part again) you learned that the

\.  first weather changc in the London crisis was the ad%nc

of a mass of cold air over the city. This is called a coldfrom
Figure 3 illustrates what normally happens when colder air
moves into a region of warm air. Warm air is lifted up and

e . ) - - over the colder ir. NS N D

W - (L.

Figure 3 [J2. Why ddes the advancing colder air lift the warmer air?
When a cold front moves into an area, the dense cold air
pushes the less dense warm air upward. Soon a cold air mass
lies beneath a warm one. This condition is called a tempera-
i . ture jnversion. Instead of decreasing with altitude, the tem-
_ ) 'pera'ture of the air first decreases, then increases, with in- .
o . . _ _ creasing height above the earth. ‘
‘ ' Table 2 contains temperatures like those you would -ﬁnd
Note that the second graph is drawn on IR @ temperalure inversion after a cold front has passed -
- Figure 1, where the first graph was drawn. through. { ,
You may want to suggest using a different-
colored line. or a ditferent kind of line, so that Graph the data in Table 2 on the grid of Figure 1 of your
the two graphs can be differentiated. Record Book, alongside your first graph. -
3. The most probable answer is thal the ' o . E ) b
sacond graph has a sharp bend in It whne [:]3. How is this new graph different from the first one? - ,
) the first one does not. _ ~ N . o
-~ F A . N dnstmct layermg of air ocCurs with the @oldest air neadest 1 o .
‘122 .EXCURSION 6-1 the ground See Flgure 4.5 T R -,,§f.° S ¢
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Altitude Temperature Alttude Temperature

{mclers) 70 (mcters) . (°C)
150 s 1200 0 :

- 1
- 300 13 1350 -2 \
450 I @00 -5
600 79 1650 —4 X [
150 - 7 1800 -2 )
900 5 o- 1950 1
N - - R
1050 . 3 2100 : 4 <
) Table 2
A4
» 1800 /(\ Warmer alr layer .
1500 N Colder air layer > .
g 2 , ’
@
] ; i T
A4 -
~L]4. Predict how vertical mixing of the air would affect the Figure 4

layering of the air.

8. Suppose no wind is blowing during a temperature in-
version. This means the air will be almost motionless. Where
are smoke and other air pollutants likely to collect during
a temperature inversion? '

When the cold ‘front passed over London in early Decem~
ber 1952, it produced a temperature inversion that prevented
vertical air mixing. Since there was no wind to blow the
pollutants away, they remained in the colder air layer near
the carth’s surface. Thus, the pollutants began to collect in
the breathing space of'man. | - “ ‘

0J8. Assume that you are the Smog Control Director for
London. Would you fecommend that the thousands of factory
furnaces be shut down whenever a conroaches?
Why? ) o ‘
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4. Vertical mixing of air disrupts layering. So
also, it air does not mix vertically, layering of

air results.
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Quaestions 6 through 10 Student responses

aho&»}; be vaned and umique However, In

repponding and Qiving reasons. there are
eral questions that the student should take

into agcount.

1. is the cost of the practice reasonable. or

prohibitive?

2. How much air poltution will be reduced by

this practice?

W WIiII industry. commaerce, .and labor be

seriously hurl-by the costs of the practice?
4. Wilt the power requirements necessary to

| ~1operate anti-air-pollution devices be prohibi-

tive?

5. Would curtailment of transportation ser-
vices or home heating adversely aftect the
safety of the population?

“6.-What will be ths sttact on nearby areas of
reducing qir pollution by blowing it away?

7. Can an
eftect immediately, or will it take a long time
to accomplish? )

Figure 5
N ¢

12. Accept either answer. ‘Students  will
probably have insufficient knowledge of
meteorology to eftectively compare the eftects
of cold and warm frornits on smog. The -cold
front is g'eneral_ly considered the greater con-
tributor to smog. .

13. Either could cause an Inversion, because
both types of fronts are found in temperate
areas.

124 EXCURSION 6-1

particular practice be put ipto-

”» .
C17. Would you recommend that all motor vehicle traffic be
prohibited whenever a cold front approaches? Why?

C18, Would you recommend that artificial breezes be cre-
ated over the entire city whenever the wind speed dropped
to a near zero level? Why?

(J9. Would you fdrce London industry to remove solid pol-
lutants from ¢himney gases before relcasing the smoke into
the air? Why? -

[J10. Would you recommend that all home furnaces be
turned off whenever an air-pollution crisis occurs? ‘Why?

Discuss your answers to questions 6 through 10 with other
members of your class. ' :

You’ve seen that a cold front can lcad'to-a'tcmpcrature
inversion. Is this the only way a temperature inversion can
occur?” - , ' . ,

Figure 5 shows what happens when a warm Jront moves
into an area. Notice thht as warmer air moves into a region
of colder air, the leading edge of the front is forced upward.

v

[J11. How can a warm front lead to a temperature inversion?

[J12. Would you- predict that smog conditions would be
worse as' a result of a cold front, or of a warm front?

[313..Which type of front condition would be most likely .
0 result in a temperature inyersion in your own area? '

4. Why are smog conditions less frequent in farming

>

regions than in industrial centers?
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BQUIPMENT (IS8T

'ﬁhll\' Is an extension -excursion that can
provide help In undorstgndlng factors atect-
ing populatian growth.

-

] PURPOSE

. Yo examine the eftect of overcrowding on
*  population growth, basad on mice in open
. and closed systems.

The More the Merrier? Excursion 7-1 .

2

MAJOR POINTS

1. Food supply is an important factor in pop-
ulation size. .

2, There seoms to be arelation between birth-
mte and emigration in ‘an open system with" -
a fixed tood supply.

. “ | . . . 3. In a closed system with fixed foud supply,
What happens to people when they live ‘in crowded condi-

Expgffment A

i e S v ,
tions? Th_cr are a,l least [WO_\ .. 4. With adequate food supply in a closed
One way is observing people in dvercrowded conditions. The

A

During each d
proviqe_d for the
mice lived were not sealed. Thus, the mice could come and
g0 ‘as ‘they chose. Because of this freedom, we will call it

D “open system.” The. micq reproduced quite rapidly, and .
L _a_'}al:‘ggr and larger populati¢n developed: " .

‘Birthrate is Inhibitad when a food shortage
ays of tackling that question,  develops.

dystem, lack of space becomes a limiting

‘other is experimenting with a simpler animal. One may get '586"'0"':;‘ ﬁ:’pblﬂa"m growth. he student 1o
hints of things to expect in the behavior of crowded humans, ' v oputation st o
. by observing overcrowding in animals.

Mice are common laboratory animals. In this excursion,
you will Jearn about some e
Perhaps the resuls of the e -
about how people react to overcrowding. . :

A famous population study was done by Dr. John Emlen
at the University of. Wisconsin. Dr. Emlen studied a colony ‘

"of mice that lived in some old buildings..He conducted three
experiments (here called A, B, and C). As ydu read about
each of these, judge whether or not good controls were used.

design his own popylation study. ,

Vo’ .

Xperiments on crowding mice,
Xperiments will suggest something

i d

Bt Gy b v YR ) T,
NSRS iy,
ris e LN

ay of Experiment A, 250 gsams of food were
‘mouse colgny. The buildi'ngs in which the

L ’ ‘ . ’ \.
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1. Since the number of mice increasdéd and
the amount of food was constant, there was
less avaitable food per mousae.

2\When there is abundant food, the popula-"

tion will tend to increase. When a food
shortage develops, the size of the populallon
= - -must adjust in some way:

. 3. Yes_If micé can leave to find food else-

. where, this leaves more tood for those that
ramain. Thus the size of the population can
remain steady. Do

Y g W 5“‘?}(‘&‘)%&2;@&#.};;50"-‘3‘3}"%!:?"~ :\‘.','p A :."1.‘ o 291'9‘
."\ . . .'. .. ..J' . . .'_‘ ‘“
G, et R il g
LN h_‘w PRERAE S, "p \-»“1 (V LN ""’"f"« J LAY \. i, 1 DO ._ 8

For a tme, all Yhese “open system™ mice remained in the
buildings. As the population increased, however, food be-
came scarce.

‘(1. What might have caused this food shortage to occur?

When the number of mice bccan/u: greater than the 250
grams of food per day‘could support, some mice left the
colony Emlen found that thé rate of emigration (mice leav-
ing the colony) was about the same’ as the birthrate.

' A
(J2. What does this cxpcnmcnt suggest about the effect of
food supply on size of population?

[J3. Is the rate of 'cmigration a controlling variable on size
of population? Why?

’
-~

4. Emigration rate increases when available
food per mouse decreases. The evidence is
found in_Experiment A. (This ¥s an inverse
relationship.)

5. Birthrate decreases when available food
« per mouse decreases. (This is a direct
relationship.) ’

126  EXCURSION 7-1

it ey cis
3 b

Bead it s

SRl st ity e e

v

Experiment B

Dr. Emlen and his associates then performed a similar
experiment, except that the mice were kept from emigrating.
As before, the population increased. In this case, however,
when the food shortage developed, the birthrate went down.
The population stopped increasing,

(J4. Based on the results of this expériment and Experiment
A, how does food supply affect the rate of emigration? What
evidence supports your answer? '

. AN
(15. What was the relationship between food supply and
birthrate when emigrationn was prevented?

Experiment C-

Ad«third experiment was conducted. As in Experiment B,
emigration was prevented But this time a lot of food was
. provided. As the population increased, the space per mouse.
decreased. Thcrc was less and less space for nests.

ar
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During this cxperiment, the number of mice increased
rapidly at first until the mice became crowded. Then fighting
and cannibalism shot up sharply. In addition, the females
stopped -taking proper care of their nests and their young.
The death rate among the young reached 100 percent. The
birthrate, however, remained high.

0J8. Summarize the effects of crowding on Emlen’s mice.

(P‘I How was the size of the population kept in balanck?

Experiments similar to Emlen’s have been done many
times, usually with similar results. However, in some experi-
ments, fighting and cannibalism did not exist. Instead, the
mouse population increased until it reached a maximum size.
Then all reproduction stopped. :

In all these experiments, the size of the population reached
a peak and then leveled off. This was true despite the fact
that avajlable food and Space could have supported a much
larger population. In some cases, the controlling variable-was
a high death rate. In the others, the controlling variable was

a low birthrate.

became balanced by widely different means?

'[J9. What variables might not have been carefully controlled
in these two experiments?

w .

. Well, you've seen that crowding affects mice in some
definite ways. Some of these ways are listed below:

L. The populaticn leveled off well below the number of
mice that the environment could support.

'_ {2 Either infant death rate was - very high or there was a

low birthrate. | ‘
3. Vety unusual patterns of behavior in the mice became
common.

[(J8." Can you suggest some reasons why these populatios -

.z

6. As crowdmg Increases. fighting. cannibal-
ism. and infant death rate increase. (These
are direct relationships.) -
7. By the three means given in the answer to
question 6 -

8. The reasons that the students give should
prove interesting. Possibly the ease of the
solution is a tactor. For instance, if the system
is open, it may be easier to leave than to fight
or cannibalize. But if the system is closed, a
food shortage leads to a less dramatic control
mechanism (decreased birthrate) than does
overcrowding. The varying of the experimental
conditions causés the differences.

9. Any of the variables listed might not have - . -
been controlled. In addition, variables such as
temperature, humidity. and the possibility of
a different strain of Mmice entering the open,
system could be given. !

EXCURSION 7-1 ~ 127
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10, It would seem trom the mice experiments
that overcrowding can cause much more
violent conditions than a tood shortage tan
. Unusual patterns of behavior could result with
humans under .gimilar circumstances.

Note that the student plan for doing a popula-
tion study calls tor your approval. A study of
this kind, properly done, could prove quite

10 consider this activity as optional.

.o, 128 EXCURSION 7-1
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Whm ‘does this ha\c to d ‘with humans? That’s for you

to decide. Think through thele experiments very carefully,
mwgmmg humans living in uowd(.d city or ghclto condi-
tions.

.

(J10. If mice could be cpmpared to humans, what do the mice

experiments predict g¥out human behavior under crowded
conditions? "(Record” your ideas in your Record Book.)
. : .

v

~Emlen’s experiments may suggest a procedure for doing
your. dwn population study. It can-be a very interesti

uhdertaking, butit takes careful planning, good experimentdl
teckiniques, and much patience. Here are a few key qucstio
you must be ablc to answer before you begin such an invesfi-
gatlon'

I. What organism Yould it be convenient for me tf study?
Should it be croorganism, an insect, a fish; a snail,

choose? Can 1 study it in its natural environment? Or

do I need to provide it with a new home?, What kind

of food must 1 provide? -

What variables do 1 want to investigate?

4. How can 1 control the cnvnronmcnt to 9tudy the effects
. of my variables? :

5. For how long should I continue the investigation?

6. How do I count the individuals within the population?

7. What kind of records should 1 kccp?
\

There are many other qucsf_tions you can ask, of course.
These are suggested to alert you to be careful in your plan-
ning. Think the problem all the way through before you start.
When you have your. teacher’s okay for your plan, you can
begin. Keep a good record in your Record Book so that you

e

* can report your findings to your teacher and classmates.

Syt
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a bird, or what? ‘ . . : .
2. How can 1 care for a population of the orgm v
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" MAJOR POINTS
1. To be habitable for man, a location must
have temperatures within the 0°C to 100°C
EQUIPMENT LIST range. ‘

None - . 2. To be habitable for man, a planet or satel-

lite must have an atmosphere containing
oxygen

EQc;.ape Ifto Space Excursio,m.(;;7-2' R

3. There are novplahets or satellites in our

. . . solar system known to have the two requi-
sites for-man to live.
PURPOSE 4. Travel to the nearest star other than the "
To focus attention of students on the difficul- 3 » sun would take a prohibitively long time at
ties of solving overpopulation by space travel. ' ' presently attainable speads.
; ) ’ - 9. Cost and other factors seem to make the -~ - -
L - . ’ . task of sotving the overpopulation problem by
¢

R space travel impossible.
In this excursion you are appointed Director of ISCS. (In

this instance, [SCS stands for Into-Spacé Control Study.) You
may invite one of your classmates to be a co-director, since
" your new job is enormous. "

The world population in the year 2000 is expected to ap-
proach 7.5 billion people.-Some predict more than 20 billion
people by the middle of the twenty-first century. If this does °
occur, there may not be sufficient food on Earth for man. -
However, many people believe this will presgnt no probléem.
They believe space travel will provide an escape for man
to other planets.

1.

«

“ - )\ o~

. . s M ', et
This is a fairly rigorous excursion, for enrich- - Y =& w1
ment. ,Q,\ .ﬁj .

. ' o ” \\ a

Your mission, should you accept it, will be to make plans

and preparatiornis for such travel. Your first job will be to

handle the mail arriving from people whe want - to find a

new -home away from Earth. - )

L - As the new [SCS Director, you must write. replies to the .
N questions mailed to the Study by these people. Give each
: ' of these questions a brief, honest Teply baséd on the informa-
. tion you find in Tables 1, 2, and 3. And use your own Hest
~judgment. . -~ , . - .
.'Quqstiol}"s);'l through 11 are taken from the letters. Answer
eich one carefully, and you will soon be an_expert on space
4‘.. ‘ '."ﬂVCl‘._ S o | . : : R S
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TRAVEL GUID_E FOR THE PLANETS

Average Distance

Diameter - _

from Sun Rotation Period Length of Year

‘ Plan#t . (miles) (Earth Units) » (Earth Units) (miles)

Mercury 36,000,000 59 days (approx.) 88.0 days 13,000

A Venus . l_ 67,000,000 249 dnysL (approx.) |™ 224.7 days 7,600

Earth 93,000,000 23.9 hours 365.3 days 7,900

Mars 142,600,000 24.6 h‘ours _687.0 days 4,200

" Jupiter 486,000,000 9.8 hours 11.9 years 89,000

X Salur;x 892,000,000 102 hours 29.5 years 75,000

Uranus ~ 1,800,000,000 10.8 hours 84.0 years 30,000

Neptune 2,800,000,000 15 hours 164.8 years 28,000
Pluto 13,700,000,000 6.4 days 248.4 years 3,600 .

¢ e

S ARILY SN Wﬁf"‘vﬁ"!”

~

FR AT R AR R R S A g




,
“ Table 2 .
CONDITIONS ON THE PLANETS
, Mass Equivalent . - Approximate
\ Relative Weight of Composition Temperature
Planet\_{ 10 Earth 150-1b person Of Aunosphere ) (°C)
Mercury 0.05 55 carbon dioxide One side 321°
Other side 268~
Venus 0.81 130 ( nitrogen? carbon Over 260° .
dioxide, water
Earth ' 1.00 150 nitrogen, oxygen, From —87°
) water, carbon to + 58°
dioxide, argon
A .
- Mars 0.1 g 55 - carbon dioxide, Midday 21°
{ - ( nitrogen? water Sunset - 18°
( Night —34°
” : Jupiter 317.8 380 - hydrogen, helium, Avcrngc —129°
— . 1 methane, ammonia, .
! . \ water? neon?
7
Saturn 95.2 / 160 % Similar 10 Jupiter Avcra\ge - 143°
».  Uranus 145 155 hydrogen, helium, Average — 184°
_ methane, ammonia?
- J . water?-neon? i
k Neptune 17.2 « 210 Similar to Uranus Average "— 194°
; Pluto . 0.8 Unknown:. Unknown . -*Average —212°
- (approx.) -
P N : N N
\ ' L S
v % K f
N - > .
v : ' v ‘ ¢
= ) L
1 + \
o~ -
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TRAVEL GUIDE FOR THE PLANET MOONS
Known Satellites Average Distance Approximate
{in order of distance) from Planct Orbital Time Diameter
Planet from planct) (miles) (Larth days) (miles)
Mercury None
Venus None .
o ‘Larth Moon 240,000 273 2,200
. :
. Mars Phobos 5,800 0. 5
_ Deimos 15.000 ~ 1.3 3
% Jupiter Y 110,000 0.5 70
[ | 1(lo) 260,000 1.8 2,000
' Il (Europa) 420,000 3.6 1,800
111 (Ganymede) 670,000 1.2 Z_J,IOO
IV (Callisto) 1,200,000 16.7 2,800
\% : 7,100,000 251 50
__— VI 7,300,000 260 20
- X 7,400,000 264 10
. X1l 13,000,000 63 10
X1 4,000,000 692 10
Vil o 14,600,004 739 10
1X 14,700,000 | 758 10
Saturmm Janus 100,000 \ 0.8 Unknown
Mimas 120,000 09 30Q
Enceladus 150,000 14 400
Tethys 180,000 N\ 1.9 630
Dionc 240,000 N2.7 550
Rhea 330,000 4.5 950
Titan 760,000 159 3,000
Hyperion - | & 920,000 . 213 100
lapetus 2,200,000 793 500
Phoebe 8,100,000 . 550 100
Uranus Miranda 77,000 14 \ 200
Ariel , 120,000 2.5 XN 500
Umbriel o 170,000 42 350
xe o Titania ~ / \ 270,000 8.7 600,
?@ Oberon- " N 360,000 13.5 500
~ Neptune Triton 220,000 59, © 2,300
Nereid 3,500.000 ' 359 200
i Pluto None .
¥
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LI9. My friends say it is 100 hot ta be closer than 50 million
miles to the sun. - They also say that it is too cold to be more
than 150 million miles away from the sun. My doctor says
I should avoid extremes of cold and heat. Which planets (not
Earth, for goodnéss sake!) could I move to?

(J2. P've seen how the astronauts carry their own oxygen
around. I don’t think I want to qarry oxygen tanks on my
back. Which planet should 1 80 Jo so that I won’t need to
carry my own oxygen?

0J3. I can’t get all my work (()nc in 24 hours each day.
Which planet would give me th§ longest day?

CJ4. 1 told your ticket agent I would buy passage if he could
send me to a place whose day is longer than its year. He
said he could, but he didn’t say to what planet. Where is
he sending me? '

CIS. I am twenty years old and anxious to live on Mars. Your
agent tells me I will have to change my age to Mars’ years.
What is my Mars’ age? 5. 10.6 years

[J8. By careful dicting I have kept my weight at lOObounds.
Your agent said I would be heavier on Jupiter. What will
be my Jupiter weight? 6. 253 pounds

(J7. Which of all the planct's, except Earth, has the most

oxygen in its air? 7. None with free oxygen

[J8. I asked in my last letter how fast your spaceships are.
You replicd that they could travel up to 25,000 mph. How

long will it take to get to Neptune? 8. more than 100,000 hr. (4,170 days)

C19. My ticket is marked “To the land of twelve moons., one
way only.” To which planet will this ticket take me?

[110. Why won’t your ticket agent sell me a ticket to one
~of Mcrcury’s moons? 10. There are none.

(11, My husband wants to send me to Nereid on a separate
vacation. How big is Nereid compared to Earth? 11. About

~About how far is Nereid from the sun? Around 2,600,000,000 mites

How far is Nereid from Earth? - Around 2.700,000,000 miles
At a speed of 25,000 miles per hour, how long will my tri
take, one wa_y? ‘ About 100,000 hours ' _ :
At ten cents per mile,. what is it going to cost me? .
' ? ' . ‘ _ About $27,000,000

)

1. None

2. None

3. Venus

4. Venus

9. Jupiter

EXCURSION 7-2 133
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After writing answers 0 these guestions, you should be
ready (o describe ) planet or satellite that would be suitable
for human habitation. Here are two specifications for such
a planet:

L

1. To be habitable, any planet or satellite must-have liquid
* water (not ice or water vapor alone). Let’s assume that
throughout the universe, water freezes at 0°C and vapor-
-1zes at 100°C. Therefore, any planet we want to live on
must have temperatures within this range.

12. Earth and Mars  [J12. Which planets have part-time temperatures within this
range? ™

2. To be habitable, any planet or satellite must have enough

gravity to hold gases so that there will be an atmosphere.
. Among these gises, there must be oxygen. Gases like
EXCURSION 7-2 - methane and ammonia are poisonous to humans.

S
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(313. Which planet, other than Earth, has oxygen in its
atmosphere? '

.

With this information, you should see thay your assignment
cannot be carried out. There is no place in our,solar system
that will support populations of humans unless you provide
them with an artificial environment.

Wait! Don’t close down your operations! Maybe you can
send emigrants to planets belonging to other stars.

The nearest stdr (besides the Sun) is 4.3 light-years away.
You may remember that a light-year is the distance that
would be traveled if your vehigle were moving at 186,000
miles per second (the speed of tight)"for one whole year.
This distance is about three and a half trillion miles.

Since our present spaccshiprqavel about 6 miles/sec, it
would take 600 billion seconds to reach the nearest star. That
is about 20,000 years one way.

[J18. Do you believe moving people to other planetary sys-
tems will be an answer to the world’s population-explosion
problems?

Let’s be very optimistic as we look at the problem from
another standpoint. The vehicle that carries three Americans
to the moon on each trip is called Apollo. Suppose Apollo

could carry 100 people to one of the planets for the same-
cost as that of carrying three mef to the moon. Assuming -

no'change in the growth rate, we would have to export about
70,000,000 people per year in order to hold the present world

- population constant,

SRS e b0t oy

13. No other planet has free oxygen.

Some betlter: students may realize that the

spacecraft's speed of 6 miles per second is

close to the escape velocity from Earth orbit. St

In freq space, wjth a steady. small. additional
applied forc% the speed would increase, and
much higher rates would be possible,

Students may also have reau about-time dila-
tion. According to the theory of relativity. and
supposted by experimental evidence, as a
body travals faster and faster, approaching
the speed of light. time pasies slower and

. gslower for the bady. Theréfore. at these

higher speeds, not only would the spacecraft
get lo the nearest star quicker. but the
elapsed time for the occupants would be only
a fraction of the actual time.

o X ' .
14. This is arr opinion question, and the
student answer will be influenced by his back-
ground knowledge. On the basis of available
data, the answer should be No.

EXCURSION 7-2 138
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16. More than 190,000 [115. How many people would have to leave Earth daily?

16. More than 1900 C116. How many 100-passenger spaceships would have to
lecave Earth daily?

Herein les the crux of the situation. Within
the limits of known gcientitic laws and princi-
ples. mankind can solve the technological - . . ) .

. problems of space Uavel f he is willing to The cost would CXLCC("’.QOO‘QQO’OOO‘OOO daily, not counting
spond the time. effort. and money. But it the  any gupenses imvolved in training the migrants or in pre-

solution to a problem such as this requires ar
such huge expenditures that there is nothing pdrmg a new home for them.

left for other necessities, it becomes quos- It appears that you will have. to resign your job. On the
L[ tlonablewhethor ornotitis worth 1. - basis of what ypu know now, you can’t move people to new -
» | - " "homes on some other planet. Your job is impossible. If your .
A boss doesn’t believe your job is impossible, ask him to take '
~ *this excursion. If you don’t know who your boss is, how did

e you get appointed as Dircc}o‘r of ISCS?
. ~ \ i

o X /!N
nARS” Bsrr (s | -

-

.

»

el
-l

~w

¢ ~
p————

vr,
= 4
. Y ,‘.1 et .
o 1907
ol Qe R s R s A S G 0 e it i S
. R, 2
L ’ -




Birthday Control

I

EQUIPMENT LISTY

None

2

_This exoursion is for enrichment.

Some people believe there ts-only one way to avoid the bad
environmental effects of the human population explosion.
They argue that the birthrate must be decreased to match
the death rate. To accomplish this, they insist that parents
must take responsibility for keeping their families small.

" Such suggestions are not well recetved by a number of
the citizens of the United States. For example, some 40
percent of United States adults believe an ideal family in-
cludes four or more children. Is that too large a number if
the birthrate is'to match the death rate? This excursion will
help you decide for yours "
~ Suppose there are five sets of parents. In each set there
are 12 adults (6 couples). See Figure 1.

RURPOSE

To focus student attention on factors aftacting
human population growth.

Excursion 7-3

MAJOR POINTS

1. 40% of the adults In the U. S. believe an
ideal famlily includes four or more children.
2. More than 2 children per couple will
increase population.

3. Life expectancy hag increased dramatically
since early man.

- Figure 1

( ) A

6 men
6 women

6 men-
8 women

6 men
6 women

12 aduits . 12 adults

12 adul‘s
\- R ) o
. Set1 Set 2 : Set 3
. .
Suppose each set of couples has a different idea as to what
is the best family size.

Set | prefers having one child per couple. BE
Set 2 prefers having two children per couple.
Set 3 prefers having three children per couple.

Set 4 prefers having four children per couple.
Set 5 prefers having five children per couple.

12 adults

8 men
6 women

6 men
8 women

12 adults

Set 4 Set5
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You probably will want to check Table 1, as
a8 number of ahswers depend on it, in addition
to the graphs. For your information, the five
lines should be filled in as follows:
1-12~ 6~ 3- 1 - 0 &

~12-12 12 - 12~ 12 °°

~12-18-27- 39- 57/

- 12 ~ 24 - 48 - 96—132

=12 < 30 -~ 75 - 185 - 460
You may want to suyggest that students use
different-colored lines or different kinds of
lines for the fiye graphs.

4. The curve for set 5 should most nearly
resemble the world population curve. .

AT
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Assume that the children. grandchildren, and so on, of
cach set of parents agree with the original parents on an ideal
famuly size. Using Tablé 1, calculate the size of the population
that results from each set of parents for the next four genera-
tions. Assume that at the end of each generation, only the
children of that generation are alive (all parents dead). Also,
assume that each generation has about an equal number of
men and women. ' ) . _

If you come up with an odd number of people in any
generation, consider the unpaired individual 1o be childless.

Table 1

= .

POPULATION CHANGES

Generation

Parent 3rd

12

12

12 \J

12

(1. Which of the paremﬁels w{{ produce an inércasiﬁg
population?

[]2.- Which of the parent sets will produce a population of
steady size?

‘[03. Which of the parent sets wil](}{roduée a decreasing

population? -

v

Graph the information from Table 1 in 'Figurc 2 of your
Record Book. Draw a separate line or curve. for each parent

set. Label each.

[jd. Which of the curves in Figure 2 resembles the world
population curve you drew in Figure 7-1 of Chapter 7?

Suppose you agrée with those who argue that the birthrate

must not exceed the death rate.
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(8. Based on Table I, what number of children would you 500
- 2o % N N
recommend for cach family? 450
‘ (LJ6. Whift; eflects would unexpected increases in the death 400
rate have {f this method of birth control were used? @ 350
o
Figure 2 g 300
. 0
. B -y . o}
Do you believe it would really make any difference if there  © , 0
were a reduction in family size in the United States? Study é .
) . Figure 3 to0 find the answer. ' z 150
X
Filgure 3 100 *
: ‘ 50
: 300
/
Population estimated by U.S. Census Bureau, Parent 2nd  3rd  4th  &th
based on current trends , Generation

]
N
[4.]

I ‘ o Note that because people are living longar,

there would still be an increase in the U S
population with 2 children per couple.

N
N
(6 ]

U.S. Popuiation (miflions)
N
2

Population if families have no more
than two children em“h

v

1970 1975 1980 1985 1980 1995 2000

Year

C]7. If present trends continue, what will the United States ,
P . \ ,
population be in the year 2000?

(J8. If, beginning in 1970, families were to have no more
than two children each, what would the United States popu-
lation be in the year 20007 , : a

(J9. What is the difference (in millions of people) between
your answers to questions 7 and 8?

The assumption you made earlier about all parents dying,
is of course not true in the United States. It is quite common
for several generations (grandparents, parents, children, etc.)
to be alive at thé same time.-One reason for this is people ‘ ' : .

are living longer each generation. Study Table 3 to see what =~ '
has been happening to life expectancy throughout history. EXCURSION 7-3 139
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11. The trend would seem“to indicate a lite
expectancy of more than 83 by the year 2000
That would be an increase of more than 11
in 3D years, or more than from 1940 to 1970,
It1s rather interesting to note that a graph of
these data can give a very distorted predic-
tion. Except for the drop in the casa of Classi-
cal Rome, the curve looks very much like the
world population curve, and an extrapolation
seems to indicate that very shorily life ex-
pectancy will be infinite (man will live forever).

., Incidgntally. the way question 11 is asked may

lead to some contusion. A child born in the
year 2000 will be living (barring unforeseen
circumstances) in the second half of the 21st
century, and life expectancy may be higher
stifl.

140 EXCURSION 7-3
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Region and Time Life Expectancy

' i’\cztndcrlhnl Man 29 |
Classical Greece 35
Classical Rome 32
Cngland, 14th Century 8
Enﬁgland. 19th Cenuyy 41
. Umted States, 1900 50

United States, 1940 61 @

United Slal.cs. 1970 72

-Table 3

[J10. What reasons can you give for the increasing life span
of humans?

(J11. Based upon the trend in Table 3, what do you predict
will be the life expectancy for a child born in the year 20007

Well, there are more and more people, and tHeir individual
life-spans are increasing.

(J12. What do you see as’ the strongest reasons for birth
control?
(J13. What do you think are the strongest réasons against

birth control?

. Discuss your answers to questions 12 and 13 with some
of your classmates.

o~

‘A‘l

Ta s




EQUIPMENT LIST -

None

MAJOR POINTS

1. Noise can be defined operationaiiy. .
2. The loudness of sound 1s measured _in
decibels.

3. The higher the (trequepcy, tho higher --
pitched the sound is.

Ssh! You're Polluting  Excursion 8-1
- the Environment . 5 Yoo warage wauog v o woons 1

This excursion Is for enrichment and general
interast.

defined as standard.™
8. Hearing loss 1s measured by the amount in

PURPOSE decibels above standard a sound must be for
To provide background on the causes. meas- a person to hear it. N . .
urement, and effects of sound on humans. 7. Loss In hearing can result from being in a v

noisy environment for a long time.”
8. Hearing loss generally increages with age.
. . : 9. Automobiles and trucks are probably the
! “My, but it’s quiet” 15 the kind of comment that people who  greatest of all noise polluters. ‘

leave a aty or town often make. ‘NOISC 1S S0 much. a part The operational- definition will depend on -~
of our environment that we tend to ignore it—unless it’s very he descriptive definition that is used for

coat . ) - - ) noise. Generally, it is considared to be a loud.
loud or when it’s not there. Stop reading and listen for a confused, or disturbing sound of any kind. In-

few moments. Yours is a quiet classroom if you don’t hear  physics. the emphasis Is on’irregularity. and _ .

a dozen or more different kinds of sounds within a few  noise may be considered simply unwanted .
- sound. After the student has read ahead (if

minutes. ’ necessary), he should be able to operationally
All noise is sound, but is all sound noise? Different people  define noise as the maximum reading in

. . . . . . decibels on a sound-meter at some specified
probably define noise differently. The next question 1S 2 gistance from the source.
tough one. But try to answer it now. [f you can’t, read ahead

and come back to it when you have enough information.

]

2

[J1. Write an operatiofial definition for noise. (Remembér

to tell how to tell when noise is present or, better still, how AN
' to measure the amount of noise,) ' . _ 141"
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The brighter student may wonder about the
sound umt “decibal.” 1t was named after
Alexander Graham Bell, inventor of the tele-
phone The bel is a measure of the power
ratio of a éound wave, and the dacibe! is one

i

Extremely loud sounds, such as explosions, can cause
deafness. But most people never hear sounds that Joud. In
order 1o see the vflect of more common and less loud sounds,
you need to know how sound is measured.

The loudness of sound is measured in decibels. Zero on
" the decibel scale is the quietest sound that can be heard by
the best ears. Table | shows the decibel vdluc for some

tenth of a bel.
" common sounds. *
Table 1
w » T . .
, : A A r
- : Loudness '
Category on Dcci—f'h .« - -
of Sound - bel Scale Type of Noise
, Threshold of 0-10 Rustling leaves. Light breathing,
Heanng
>
Faint 10-25 Whisper at two meters. Qufet omcc Empty movic
house. chl ncxghborhood at ‘night.
Moderate 25-50 Suburban playground. Rcsmurnnl Average li rvfng
. . room. People talking.
P N Loud- 50-70 City playground. Vacuum clcnncr Noisy ofﬂ\c
Avcerage traffidh X
-t « Very loud 70-90 Portable sandc_r. Food blender. Noisy party. Power
) lawn mower. City traffic. Garbage disposal. -
Deafening 90-115 4 Rock band. Loud motorcycle. Car horn at onc meter.
A Airplane propeller at takeofl, Jackhammer. Foot of
P ; !
. : : large waterfall. Subway train.
. . Painful 10 J15-13Q |- Thunderclap. Distant rockt. Siren at two meters. Jet
J car - engine revving for takeo! ~
Eardrum 130 or , | Jet planc taking off. Rocket engint at clgse range, >
breaks more Explosions. Large weapons (cannons machlnc guns,
) clc) ’ . R ‘>j -

2.1t will be interesting to note the rating
studenfs give. Do they tonsider the sound
moderate, loud, or even very loud?

N

142 EXCURSION 8-1

v

l:l2 According to Table 1, your classroom has about what -
decibel level?

As you may know, sound is also measured in frequency.
The higher the frcquency, the higher pitched the sound is.

E]3 Are high- pnched or low- pllched noxses more annoymg
to you?

183
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If you are like most people, high-pitched noises are more
annoying to you. Of course, another variable is when ‘a par-
ticular sould occurs. Most people can stand a much higher
sound level during the day than they can at night.

~[J4. What decibel leyel causes deafness from a single blast?_, _ A

In answering the\ast question, you proba/bly referred back
to Table I. The table’ tells you that the eardrum breaks when , _
it receives sounds at a decibel level of 130 or more, When . : -
- this happens, a person becomes deaf (o most sounds. Take ‘ '
' a look at Figure 1 and find the eardrum. .

)}
)

. Three-bone lever

Auditory nerve ’ ‘ v

N W
Jeasd ORI

SR -,,'-' 1'6'4‘:;?" a
R NI L A
VO LT

. . N . *

N : ' Eardrum

-

Ear canal LT . ) .

' . Figure 1
. ’ YA _ ‘ :

- -~ _Seunds enterthe oar canal and strike the eardrum, causing > _
' ©it'io vibrate. These vibrations are carried by three tiny bones o e .
to a second membrane in the inner ear ibrations of this ' . .
: . membrane cause movementsin the liquid @ the snail-shaped 7
- cochlea. When tiny. hairs are shaken by the vibrating liquid, | .
RN + .nerve messages are seft to the brain. _ o ' :

Many studies have been done on the hearing of Americans. -
. The average hearing ability of people’is defined as “stand- = Fundamenally, a sour}g-lgvellmelteradseid to
| . -ard.” Hearing loss is measured by tomparing a person’s  Jeasure tensty could canuitia) electrical
. - h_earing ability” with the standard. “If; for example, a sound - meter. Of coyrse, other refinements enter in _
' must be 15 decibels above the standard for a person to hear ;”r:‘t‘,"?cg"; measurements are to ba used sci- o

it, he is said to have a lS-décibel'hearing loss.

)

LY

018, -DcScrib'e“'ihe hearing of a person who can hear a sound o
only when it is-43 decibels above the standard. . EXCURSION 8-1 143 -




6. This would be a 6-decibe! hearing gamn

\,

-

-

Frequency Key:

x
LIS

rEadm_g.gave its name to the so-called ""boiler-
, :égg‘ maker's dea?ness.“ There are many others,
\,\ ,; however. Did anyone say “housewife’'? A

;: vacuum cleaner can go to 85, an electric
"dishwasher to 80, and the garbage-disposal
-unit generates trom 90 to 100 decibels )

-
.-
>

¥ Y

10. The best description would -be that- a
65-ybar-old person shows a 28-decibel hear-

. atthe standard). But an answer of '28' times
as much is unacceptable - -

A
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[)8. Describe the hearing of a person who can hear a sound
when 1t 1s 6 decibels below the standard.

b
- igure '2 shows the changes 1n hearing lhul can occur from
bcm&, in a nons) environment (90 decibels) for a long time,

’
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‘ 0o . 5 10 15 20 ~@ L 30 35. 40
\ * o > Exposure (years);
" . Y . . Is there a gredlcr heanng loss at low, or at high, fre-
‘ S/ uencncs" . -
1’\ [_]8. Do hearing losses develop at low frequencies faster, or
) ~ slower, than they do at high frequencies?
\ Yo

9. The classic bgcupation with a*high decibel

ing loss, a 23-year-ald shows o loss (hears.

'[719. What kinds of occupations might commonly havc a
90- deubcl environment?

Mos( pcople suffer some Kearing loss as they get old :
e'specially for high- frequcncy sounds. However, being in 4.
noisy enviromment while aging can-make the loss greater.
Figure 3 shows the standard hearing loss for high sound

frequencies. ‘\ o _

[J10. How would )’611 describe the hearing loss of an average:
65-year-old person compared to the average 23-year-old?

- . - - . - .

* Studies have shown that over an eight-hour.working day
few humans can stand more than 80'to 90 decnbels of: so\nd

}
te

% -t

N4

ra




: g 20

€ w0 . e

0 : N
' 18 . 24 ¥ 30 36 42 48 54 60 66
' . Age (yoars) ) \-
Figure 3 . '
""""" Workers in noisy environments often wear plugs, earmuffs, -
and other ear protectors. But since this practice started only .
about twenty years 4g0, many people are partially deaf who '

shouldn’t be.

\
. Noise has been blamed for high blood pressure. indiges- p
- tion, social conflicts, high divorce rate, and many other prob-
‘ lems. There 1s a good deal of eyidence that sound can cause’
L psychological as well as, physical damage. Near largt? atrports .
some schools have had to be closed becauge the noise made ' \
tt hard for the students. (o think. S ' v

‘ In several chapters in this unit, you have studied how the
"‘ output of automobiles pollutes the atmosphere, '
Automobiles and trucks are noise polluters. In fact, they ,
are probably the greatest of all noise polluters. Traffic noise
is at or near the top of the list of noises that most people
would: like to eliminate. Table 2 shows the average noise
-levels of cars and trucks at a distance of about eight meters
from a California superhighway. ‘

, * Table 2 g
» Average
Naise Source Decibel Level LR -
L] ¢ . —
, Automobile, 48 km/hr 68 R s
(30 mph)- N .
. -~ \
. . . Automobile, 113 km,hr 8
_ : (70 mph) - t -
Trucks, 80 km/he & o, 105 '
, (50.mphy |+ ; ’
' . * ) - -~ .g\’/h-f — - /
— s , . EXCURSION 8-1 145 , &
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Someone has said, "What's one man’s Bac
in anothe_r‘man's Babel.” There is som
evidence thal the loud music that has been
80 much in favor by the younger generation
is having a delsterious effect O the hearing
of this group. And there arg many older
people who claim that they are being driven
crazy by that kind of music. .
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LJ11. What is the eflect of a car’s speed on its noise produc-
tion?

(012, How docs the noise level produced by trucks:-at 80
km/hr compare with the noise level of propcller-driven air-
planes at takeofl’?

Reducing the level of sound in our environment is not an
casy task. Some people seem to prefer noise, éven if it may
mean that they will eventually suffer some hearing loss.
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