


“Southern California
Edison paid
consumers to
buy light bulbs
that use one-fifth
the energy of

conventional ones."

The Search for Clean Air Video

In the stratosphere, ozone (O3) protects human, plant, and animal life
from the harmful effects of ultraviolet light from the sun. In the lower
atmosphere, paradoxically, O3 can have adverse effects on plants,
animals, and human health.

Newspapers and other media warn that the ozone hole has appeared
again over Antarctica. In the southern regions of South America school
children are not allowed outside during recess for fear that they will be
harmed by ultraviolet radiation. Chemical compounds used in refrigera-
tors, air conditioners, aerosol spray cans, and cleaning solutions have
contributed to the depletion of the protective ozone layer in the strato-
sphere.

In the United States students in Los Angeles and other metropolitan
areas stay inside during some school days. In this case the concern is not
the depletion of the ozone layer, but that there is too much ozone in the
air people breathe. This ozone is a secondary pollutant, which means it
v/ is not emitted directly into the atmo-
~ —  sphere, but that it is produced by photo-
""Q ~  Chemical reactions. The chemical
< o\ reactions involve hydrocarbons and
VOC + NOx*SUNLIGHT= 03 other volatile organic compounds (VOC),
3 nitrogen oxides (NOx = NO + NO3), and
’ Lower “""""f"“i sunlight. It takes only a few parts per

billion of ozone to cause peoples’ eyes to
hurt and for some individuals to have
breathing problems.

The health, economic, and ecological impacts of excess ozone concentra-
tion can be substantial. The Office of Technology Assessment of the U.S.
Congress (OTA, 1988) estimated that high O3 concentrations cost the
United States $1 - 5 billion annually in reduced crop yields and excess
human health costs. Recent research suggests that pollution from the
United States and other industrially developed nations may be contribut-
ing significantly to a global increase in tropospheric O3 concentrations.
Because O3 is an effective “greenhouse gas” when present in the upper
troposphere, this O3 increase may, in turn, be contributing to global
warming.

S
Because O3 cannot be formed without VOC and Ozgﬁ’f
NOx, these two classes of compounds are often "%c,. &
referred to as ozone precursors. The precursors
are, for the most part, primary pollutants,
emitted directly into the atmosphere from a
combination of natural and anthropogenic
sources. In theory, high concentrations of O3 can
be decreased through limiting emissions of VOC,
NOx, or both. In practice however, implementa-
tion of a strategy that actually results in lower
O3 concentrations has proven to be problematic.
After more than 15 years of progressively tighter controls on emissions of
ozone precursors (especially VOC) little documented progress has been
achieved. As of August 1992, there were 97 ozone non-attainment areas
in the United States and an estimated 70 million people living in these
97 areas.

SOURCE: U.S. Environmental Protection Agency. 1992. National Air Quality Emissions
Trend Report.



ACID DEPOSITION

Before the 1970’s, the term “acid rain” was almost unknown. Since 1979,
however, it has moved to the forefront as a major air and water pollu-
tion concern. Scientists prefer the more accurate term "acid deposition,"
since acidity can travel from the skies to the earth in many forms: rain,
snow, sleet, fog, or even as tiny particles or a gas.

Some acid deposition facts: N

Rain and other precipitation tend to be naturally _A SNOW
acidic. This mild acidity is caused by the normal ]
interaction of water, carbon dioxide and other & | |
substances in the atmosphere, producing a weakly \ ‘&'

acidic solution. Other naturally-present substances [ |

can further alter the chemistry of “normal” rain - ! %
sulfur dioxide from a volcano can increase the 4 & \
acidity, wind-blown dust containing calcium 1
compounds can help reduce the acidity by neutral- A ¢ ¢eT
izing it. “Normal” rain acidity varies, but may be as

low as about 5.0 on the pH scale.

Unnaturally high amounts of acid deposition in North America are
caused primarily by emissions of two types of pollutants: sulfur dioxide
and nitrogen oxides. About two-thirds of this acid deposition in the
eastern United States is associated with sulfur dioxide, the remainder
with the nitrogen-containing compounds. In the West, half or more of
the acidity is associated with nitrogen oxides.

FOREST DECLINE

A recent public concern about air pollution
W, is that it is causing widespread damage to
forests in Europe, and perhaps in the United
States. The problem has been particularly
severe in central Europe since 1980. This
2 decline in the health of forests is affecting
{’} 3 several tree species, including hardwoods
2R and softwoods. Although forest decline is
& not a new phenomenon, no multiple-species
s 8 decline of this magnitude has ever before

'Z?» been recorded. American researchers have
apha®
PNy

also documented forest declines on and
around mountains in the Appalachians,
from Vermont to North Carolina.

There is not conclusive proof that the forest damage has come from air
pollution, although some important clues point in that direction. Other
possible causes include disease, insects, or climate factors (such as
drought), but many scientists think that air pollution is at least a
contributing factor in this general forest decline in Europe. One possible
explanation: chronic exposure to air pollution may be weakening the
trees, making them more susceptible to drought, cold, pests, or disease.

SOURCE: Luoma, Jon R. The Air Around Us. The Acid Rain Foundation, Inc. 1988.

“Of all the
environmental
concerns facing
the Mt. Mitchell
State Park and

Great Smoky
Mountain National
Park, perhaps the
most difficult to

convey to the
public is air
pollution’s effects
on plant life.”

The Search for Clean Air Video




“The elements
of air, water
and soil in our
environment
cannot be
separated - what
we do to each
affects the

others.”

The Search for Clean Air Video

EFFECTS ON HUMAN HEALTH

Six pollutants measured by the U.S, Environmental Protection Agency
(EPA) have proven or suspected effects on human health.

Carbon Monoxide. Carbon monoxide
interferes with the blood’s ability to deliver oxygen
to body tissues and tends to weaken heart
contractions. High levels of carbon monoxide are
considered harmful to everyone, but especially to
those with heart disease, respiratory disorders, and
anemia, and to cigarette smokers (who already
inhale doses of carbon monoxide while smoking).
Research indicates that even low levels of carbon
monoxide can have minor but measurable effects
on vision and alertness.

Lead. Lead can accumulate in the blood, the bones, and the soft body
tissues when inhaled. The body cannot easily remove lead so it
eventually harms the kidneys, nervous system, and blood-forming
organs. Infants and small children are susceptible to brain and nervous
system damage.

Nitrogen Oxides. Like many of the other air pollutants, nitrogen
oxides can irritate the lungs. They can help cause such respiratory
ailments as pneumonia and bronchitis and can lower the body’s
resistance to respiratory infections.

Ozone. Ozone can cause severe irritation of the
nose and throat. It can impair lung function, and
be especially harmful to those with chronic lung
diseases, as well as those with asthma or heart
and circulatory system conditions. In
combination with sulfur dioxide, it has more
severe health effects than either pollutant would
have alone.

Particulates. Inhaled particulates can irritate the respiratory system -
lungs, throat, and nasal passages. Repeated and prolonged exposure to
some types of particulates appears to increase the likelihood of chronic

respiratory disease.

Sulfur Dioxide. Sulfur dioxide has been linked
to increased respiratory ailments. Studies have
shown increased death rates among sufferers of
heart and lung illnesses during periods when there
is high sulfur dioxide content in the atmosphere.
Once sulfur dioxide is emitted from a smokestack
it tends to react with various chemicals to form
other sulfur-containing compounds, including
microscopic aerosols of sulfates and sulfites.
Research suggests that some of these compounds
may be more harmful to human health than
sulfur dioxide alone.
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WHAT YOU CAN DO

TO PREVENT AIR POLLUTION

While it is true that large factories, power plants, and other industrial
facilities are the greatest sources of air pollution, many activities of
individuals add up to make a significant contribution of air pollution to
the atmosphere. To help control pollution, you can:

Conserve Energy in the Home.

You can conserve by using more efficient
appliances, installing thermostats that turn —
your furnace down while you’re away (and
automatically up before you return) and by
improving your insulation.

Less electricity used means lowered emissions
from the electrical power plant that serves your
home. Burning less fuel in your furnace means
lowered emissions from your own chimney.
Energy conservation can often have the side
benefit of saving money.

Recycle Materials.

Don'’t throw away magazines and papers. Recycle
these or donate them to your local library,
doctor’s office or nursing home. Reuse goods
whenever possible! Recycle bottles, aluminum
cans, cardboard, and plastic containers.

Limit Emissions From Your Automobile.
The best way to limit automobile emissions is
to avoid driving by walking, carpooling, or
using public transportation. Another important
tactic is to keep your car tuned and maintained
properly including maintaining proper air
pressure in your tires. It will increase your
mileage and the longevity of your car, and
lower your car's pollutant emissions.

Continue Your Education.

Learn more about the problem, and become well
informed. Read books, pamphlets, and
newspapers. Ask questions of knowledgeable
individuals.

Get Involved.

Many conservation, consumer, and
health organizations monitor and
participate in federal and state
government regulatory processes -~ from
rule making to enforcement. Contact
elected officials to express your views,
and attend public hearings or sessions of
your legislature, county commission, or
city council.

SOURCE: Luoma, Jon R. The Air Around Us. The Acid Rain Foundation, Inc. 1988.

“Humans could

be the deciding

factor in pushing
ecosystems

over the brink.”

The Search for Clean Air Video

INTRODUCTION

TO ACTIVITIES

The following activities
are to serve as models
for classroom teachers as
well as informal
educators in community
programs. There are not
recommendations for
specific grade level
applications. You may
modify the activities to
make them more
appropriate for your -
classroom or group.

We thank the many
organizations who have
given us permission to
adapt their materials for
inclusion in this booklet
to accompany the Search
for Clean Air video.
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MATERIALS
ooooo Seeds
Pty Soil/vermiculate

g 6 Pots (or potted plants)

Paint brushes

g@ Beakers
R Plant mister or
medicine droppers

m “Salt and pepper”
shakers

Data Sheet:
PARTICULATE
PROJECT

Activity 1T — AIR MATTERS

BACKGROUND

The atmosphere receives substances from nature and humans. It also
delivers these substances back to nature and humans. Some of these
substances are particles such as dust, soot, and ash. This group of
atmospheric pollutants is often referred to as particulates. The deposit of
particulates depends on their size, physical state, reactivity, and the
characteristics of the animate or inanimate surfaces receiving them. The

possible effects of particulates on plants are not well known.

“Back in about 1306, Queen Eleanor, Queen of England,
had a terrible attack of bronchitis, and was very sick. It
was obvious to her that it was caused by the air pollution
coming from the city walls below the castle. She spoke to
Edward the First, who was writing the English common
law. He then passed the first set of environmental
ordinances in order to reduce the amount of air pollution
affecting human health.”

The Search for Clean Air Video.

OBJECTIVE
Design an investigation to find out the effects of dust, a particulate air
pollutant, on the growth of plants.

TEACHER'S TIP

The particulate matter can be from almost anywhere. Urge students to
be careful in collecting particulates. (You will want to know about
allergies.) Diesel fuel soot particles should be avoided because they carry
a variety of absorbed toxic, carcinogen, and mutagen compounds, e.g.,
benzo(a)pyrene.

PROCEDURES

1. Introduce this lesson by asking a question about some seeds or a
group of small but well leaved plants (4-6 plants/team). Will these
plants grow more slowly in a dusty environment or a non-dusty
environment? You could also state a hypothesis. Invite responses and
encourage discussion about designing experiments to find the
answers.

2. Distribute copies of the PARTICULATE PROJECT Data Sheet and divide
the class into small teams. Review, discuss and clarify the background
as well as the assignment. Minimize instructions and let the students
begin the experiment. Their questions will come as they run into
problems. Inform the students that you want to review the work they
plan to do.

3. Avoid watering leaves. Water soil only.



Particulgte Project Data Sheet

Tasks:

1. Decide what kind of dust you gre going to qdg to plants ang how and where
you are going to collect jt. (The materials should be fine rather than coarse,)

—_— “\\\

2. Identify othey, variables which may influence plant growth during the
€Xperiment,

* Dependent variable- how many treatment groups, or levels of the
independent variable? Inclyde g control group!i How to quantify the
dependent variable measurements?

You can make
a difference!

* Controlleq variables or variables helq constant (the opes You keep the

same), Everything else that might influence the dependent variables,
—_— —_—
— ——

4. Size of sample (how many plants/treatment group).

Take a shower
instead of a bath!

5. When to collect dqtq. (How often do you measure the dependent variable?
This also includes whep, You are going to stop the €xperiment,)

Turn off the water ‘
when brushing your
teeth or shaving!

b. Statement of probJem-Hypothesis to be noteq

C. Procedureg

d. Observations (Use tables, X-y graphs, histograms when appropriate)

e. Interpretations (1nferences)~Error analysis too...sources and magnitudes

of errors...in control of independent and fixed variables ang Mmeasure-
ments of dependent Variables,

Further €xperiments thege results suggest

Set up a recycling
program!

Be informed. on
issues affecting

1, statewide,
in your IOCQ ’ )
FOLLOW-UP QUEST'ONSkev What reasons do you have for saying and national

¢ What inference can we make? JS———
that?

. iow?
Does anyone have a different view

if...? ides of the . ally and
* How would the reigl(t:f);(tl:}};el underside of the leaves? Both si Think Glob y
What if you were

C 0(] y .
’

‘ot t?
iq i tigation sugges d
i s does this inves . led, spotted,
What othledr expeéérsréiiftl)te the leaves? Normal, wilted, cur P
How would you

? . ts. What do
yellowed, bl‘Ownefi-(iinneet;t or all of them indicated no effec
Suppose an exp

ieve it?
you know? Why do you believe it?

SIONS . . |
Exgcl)ia':l the entire plant with particulates

t both sides of l_eaves.
gggt only the top sides of leaves.

m sides of leaves. - rowing in a
-+ Coat Onlytt}?eelzg\t/t;, of trees of the same species, one g
Compare

ty t& .
(l||s enviro |“|(l() owing 1 us e (0]

SOUR M Edwar Air P()llulmn and F rests. The Acid Rain Ioulldatlon, Inc. 1990.
d, W. ores 1
Wi " .
URCE: Hessler, '

b W=




MATERIALS
For each group:

—*—\ Copy of the data
collecting sheet
%41 Copies of the pH scale

Different types of pH
‘W testing paper (wide
and short range) and
> color chart or pH
meter

ﬁ @ Paper cups for
distributing solutions

o0 Labeled solutions
(such as lemon juice,
vinegar, citric acid, orange

juice, baking soda solution,
soda pop, lime water, salt
water, rain, melted snow,

distilled water, tap water,
% antacid solution)

Note: Colorless solutions
are the easiest to test.

SAFETY PRECAUTIONS
1. Use only identified
solutions for testing.

2. Do not include dangerous
solutions such as sulfuric
and hydrochloric acid or
full strength ammonia.

3. Tell students not to drink
or taste any of the
solutions.

4. Do not have any food
near testing stations.

Activity 2 —- CONCENTRATING ON A SCALE

OBJECTIVE

During this activity, students will:

1. Test the pH of a variety of solutions
2. Place their findings on the pH scale

In this activity students will work with pH paper, a variety of solutions,
and the pH scale to understand acids and bases. Results will not be
scientifically exact and may vary from group to group. Variation may
result from age of pH paper, color perception, and strength of solutions.

PREPARATION

Label a paper cup for each solution to be tested. Pour about 1 ¢cm of
solution into its labeled container. Have at least‘as many solutions as
student groups. Arrange solutions, pH paper and color charts at several
“testing stations” in the classroom.

PROCEDURE

Begin by asking students these questions about pH values:

1. How is the pH of a liquid measured?

2. What is the range of the pH?

3. What is the range of acids? Of bases? What is neutral on the pH
scale?

Divide students into groups of 4-6 and distribute the data collection
sheets and pH scale worksheet.

Demonstrate the steps the students will be taking to test the solution.

1. Dip a strip of pH paper into the solution. Stress the 1mportance ofa
new strip with each solution.

2. Match the wet pH paper to the color chart 1mmedlately.

3. Record the results on the data collection sheet.

4. Write the name of the solution in the proper place on the pH scale
worksheet.

Explain to the students that they will move as a group from station to
station with their data sheet and pH scale worksheet.

When students have tested the available solutions, review the results

plotted on the pH scale worksheets:

1. Which solutions are acids? bases? neutrals?

2. How does the pH paper indicate the pH of each solution?

3. Did each group have the same pH numbers for the solutions? Why?
Why not?

pH ScALg

1é3
LR EELY] 12 3 EXTENSIONS
Use solutions of rocks crushed
with a hammer. Compare.
Example: granite, limestone.

» Use unlabeled solutions. Can
students identify solution by pH?

Or other properties?

SOURCE: Stubbs, Harriett, Mary Lou
Klinkhammer, and Marsha Knittig, Acid Rain
Curriculum Grades 4-8.



Activity 3 —- SMOG AND

TEMPERATURE INVERSION

BACKGROUND

“December 3, 1952, was a beautiful 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 lessened. Several low layers of dark-
gray clouds covered the sky. The noon temperature was 4°C and the air
more moist. The smell of smoke penetrated 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 1°C and the air
heavy with moisture. Because of the high humidity and cold tempera-
ture, a fog reduced visibility. Movement in the city became difficult.
Airplane flights were canceled. Very few people tried to drive. Even
walking was hazardous. The wet, quiet fog that covered the countryside
was loaded with smoke and soot particles. London was the captive of a
great smog - a mixture of smoke and fog. These conditions existed from
December 5 to December 9.

There was no escaping the polluted air. It crept into every room. It
irritated eyes and skin, and brought on severe coughing. Hospitals were
jammed with people. During the five days of the fog and in the week
following, about 4,000 more people than usual died from lung condi-
tions worsened by smog.

On December 9, fresh air began blowing in from the 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 example of air

pollution.”*

OBJECTIVES

Students participating in this activity will learn that these air pollution
conditions result from a combination of weather conditions and human
output of pollutants into the atmosphere. They will also learn how this

combination takes place.

PROCEDURE ' S SMoc AcTiv,
1. Choose appropriate iniPPOse no wing < bi TY SHEeT
. 1'51011’ Oow,
questions from the and othe/ ﬂnc}i) Hlfz air s ngnome temperar,
worksheet as a Peratur, iomys likely to oy iVt ere are smoke
i Assum 1 o]
sprmgk.)oard‘for LOndOetho YU are he s
class discussion or of factory, fu You r commod Contro) py,,
) . fl‘ont appr r nac be h mend tha h Ctor for
as a written exercise: aches? ut dow, eveMousands
Woulg Ta colq
om
© ProhEieg’, whenyer (19 all m
cWOu]dY recom Id fron PPehIdIs frafﬂc
Teated o Mmen
drops to aver th “Ure g Iificiq) breeze.
zero Jey 1’}’ enever tpe o s be
SOURCE: Smoggy London ould yoy, yec. nd speeq
Town, in Environmental Urned off v,y -OMMeng that aj) b,
Science: Probing the Natural Why are an air-pojpy, no!;? fu rnoces be
World/Level I1I. Silver S(’J’{‘S%Qondm occursy
1

Burdett, General Learning
Corporation, Morristown,
NJ. 1972.

less f;
uent j
mersg Nt in farmjng

*NOTE: When the cold front passed over London in early December
1952, it produced a temperature inversion that prevented vertical air mixing. Since

there was no wind to blow the pollutants away, pollutants remained in the colder air layer near the
earth’s surface. Thus the pollutants began to collect in the breathing space of people.

Altitude Temp.  Altitude Temp.
(meters) © (meters) ©)

150 25 1200 5
300 23 1350 2
450 21 1500 0
600 20 1650 -3
750 16 1800 -5
900 11 1950 -9
1050 9 2100 -12

3. Use the grid to graph the data
from the table above.

Altitude
(meters)

2100 r—
1800
1500
1200 [
900 |-
600 |-

300

I N | [ L
-25-20 -15-10-5 0 5 10 15 20 25

Temperature (C)
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MATERIALS

Sheets of paper to
make signs (8-1/2 by
11 inch paper)

Magic markers for
printing chemical
symbols on signs

Punch for making
small holes in signs

String for hanging
signs around the
students’ necks

Flashlight to
represent ultraviolet
radiation.

Activity 4 — INVESTIGATING

TROPOSPHERIC OZONE

OBJECTIVE

The formation and decomposition of ozone can be illustrated many
ways in the classroom. Styrofoam balls, marshmallows, gum drops and
numerous other objects can be used to represent atoms of oxygen and
other elements. Letting students represent oxygen and other elements in
chemical reactions puts them center stage in the ozone story.

PROCEDURES
I. Figure 1 shows how a student can represent an oxygen atom and how
groups of students can be arranged to represent molecules of diatomic

oxygen and ozone.
Mo LECULE OF
DIATOMIC OAYGEN -0,

Figure 1 = <
() g
> olP\elf e
ek
OXYGEN ‘ ‘ @.@
ATOM
o]
B P MOLECVLE OF OZONE-O3

FOLLOW UP QUESTIONS
¢ How many atoms of oxygen are there in a molecule of diatomic
oxygen?
¢ How many atoms of oxygen are there in a molecule of ozone?

CHALLENGES
* Have students make signs for the elements of carbon, hydrogen,

nitrogen, and oxygen. ‘
¢ With students representing these four elements, can they arrang
themselves to form some of the compounds found in air?

CO, (Carbon dioxide)
H,O (Water)
N,O (Nitrogen dioxide)

CO (Carbon monoxide)
CH, (Methane)
NO (Nitric oxide)

Figure 2 O
2

S\
ULTRAVIOLET
RADIATION

\\1,

II. Figure 2 shows how ultraviolet radiation can break down a molecule
of diatomic oxygen to form two atoms of oxygen. These atoms of
oxygen in turn combine with other molecules of diatomic oxygen to
form ozone.



FOLLOW UP QUESTIONS
* How is diatomic oxygen represented in the chemical equation at the
bottom of Figure 2?
* How is ozone represented in the chemical equation?
* How many molecules of diatomic oxygen are required to form two
molecules of ozone?

CHALLENGES
* Write an equation to show how ozone breaks down to form diatomic
oxygen.
* Have students representing ozone and diatomic oxygen demonstrate
this reaction of ozone changing into diatomic oxygen.

IIT. Much of the ozone in the troposphere is a result of sunlight
(ultraviolet radiation) on mixtures of nitrogen oxides (NO and NO,)
and volatile hydrocarbons (VOCs), such as methane. This series of
rather complicated chemical reactions can be demonstrated in a
general way as shown in Figure 3.

STURENT 6RUPS ¢ '1)
0z —» s &

Figure 3

X 0
(lArzlP:’)T 8:: BLACC.’KEBOARD . C:z T
REALTANTSY) CHy — J PART (TION O (rovucs)
NO —»
NO, —» N2
etc.

Have groups of students represent molecules of NO, NO,, CH, (methane,
which is an example of a VOC) and O,. These students then enter a
space where they cannot be seen by other class members (hallway,
storeroom, behind a portable chalkboard). A student shines a flashlight
on these “student” molecules to represent the sunlight shining on a
mixture of nitrogen oxides and VOCs. The student groups “react” to
form new combinations, including ozone. Other possible molecules
include CO,, H,O, and N,. These new groups of students representing
ozone and other molecules then appear so class members can see them.

FOLLOW UP QUESTIONS
* What is the source of energy that results in the formation of ozone
in the troposphere?
e What is the source of the nitrogen oxides and VOCs?

CHALLENGES
* What is smog?
e What happens to the ozone formed by the action of sunlight on
smog?

RESOURCES: Anderson, Norman D. Investigating Science Using Your Whole Body. New York:
McGraw Book Company, 1975.

Ebert, David A. “Whole Body Ozone Chemistry,” in Ozone: A Sourcebook for Teaching About O,
in the Troposphere and Stratosphere. Dubuque, lowa: Kendall-Hunt Publishing Company, 1995’

You can make

a difference!

Separate your
food waste and other
organic materials
from the rest of
your garbage —
recycle and compost!

Turn off lights in
rooms not being used!

Save energy when you
go on vacation - turn
down the thermostats
for air conditioner,
furnace, and hot water!

Use drapes or thermal
curtains to keep heat
from escaping through
windows!

Instead of using a
gasoline- powered leaf
blower — RAKE!

Don't wash sidewalks off
with water — SWEEP!




/s

Tree Ring
a Activity Sheet
=
=

MATERIALS

Tree core or
increment core/
tree rings

Tree Core
Activity Sheet

Stemflow
Activity Sheet

Throughfall
Activity Sheet

\\e Optional:

magnifier, ruler

as\!
am can. h
T e.srt\g in the core?

Activity 5 — TREES AND FOREST DECLINE

BACKGROUND
Tree rings are time keepers and environmental keepers of the past. Each

tree core represents the chronology of the growth rate of a tree for its
entire life cycle. The wood next to the bark (dark colored plug) is the
most recent year’s tissue; the oldest wood (when the tree first started
growing) is near the center of the core. Tree cores are referred to as
increment cores by the forest scientist. Each one of the distinct bands on
the core represents one year of radial growth and is called the growth

increment.

Scientists use tree rings in many different ways. The rings record
information about past water and climatic conditions. They also provide
information about vegetative usage and environmental effects, such as
the degree of competition as the tree grows. Recently, researchers have
found the rings to be useful in studies of heavy metal pollution and in
examining relationships between air pollution and growth.

A scientist who uses increment cores to study tree growth patterns is
called a dendrochronologist. He uses the cores to assess natural and
human induced environmental influences on tree growth. During
certain periods of time the tree has large increments (3-5mm). The core
may also show periods of growth "suppression." These small rings may
represent periods of drought, competition from other surrounding trees,

or the impact of environmental stress.

Scientists have noted that there is a strong correlation between
anthropogenic pollution deposition and growth suppression and indeed
visible tree damage in spruce and fir ecosystems in both central Europe
and the Appalachian Mountains. However, much more research will be
needed to establish “cause and effect” relationships.

High altitude ecosystems are bathed in cloud moisture 7 of every 10
days throughout the year. Atmospheric chemists have indicated that
pollutant concentrations at cloud base, where tree crowns intercept,
are 5-10 times higher than concentrations found in rain or snow.
This may account for the elevated concentrations of heavy metals,

TR
EE RING ACTIvVITY SHEET

A, Place the increment

as a le : -t Core/t; :
aming station, '+ e€ Ting on q table ang ,,
se it
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such as lead, copper, and zinc, and other toxicants and nutrients that
are being measured at these mountain tops.

PREPARATION
Obtain tree cores or cross sections of trees for your class.

PROCEDURE
Choose appropriate questions from the Tree Core and Tree Ring Activity
Sheets as a springboard for class discussion or as a written exercise.

EXTENSIONS
When students have completed their investigation, conclude the lesson

with a class discussion.

What are some variables influencing the interpretation of tree core data?
What do you know as a result of your work in this investigation?
What is some additional evidence you would like to have?

Additional Activites to measure pH of rain in different ways:

Stemflow and Throughfall Activities

‘STEMFLOW TEAM(S)

THROUGHFAL TEAM(S)

TEAM MEMBERS

TEAM MEMBERS

Date ___Time Collectors __
_ Time pH Recorded

Place T e e
_— Date
e Time Collectors
+ N . _ Place
« 2 containers: cottage Che_eSe/YOQurt (rinsed in me pH fecorded
distilled water and air dried) 8.5, accuracy A.  Materiqls
« pH indicating paper, range - 3.0t0 8.5, . fluminum fog)
H indicat * 4 contaj : :
e amers.. Cottage cheese/yoqurt (ri i
or o aried) gurt (rinsed in distilled

o DH indies:
p _mdlcatmg Paper, range - 3.9 to 8.5, ac
=, accuracy - 0.5

B. Procedures A .
e Use the materials to design an experiment to
measure the pH of rain that flows down a tree

(trunk).

8. Procedures

*  Use these i
materials to des;
the pH : €SIgn an experj
P of rain that fa)js through thepleinn\:s?(tjlfo Itneasure
Q tree,

. Prediction .
« e The pH of stemflow rainwater will be: greater
than, less than, the same as the pH of

rainfall in an open area.

C. Prediction

* The pH of thro
ughfal] rqj .
1 Inwate .
ess than, the PH of rainfa)) in ;nwéget;]e.agireater than,
eq.

D. Write a report describing what you did and what you learned.

E. Challenges (Same for both Throughfall and Stemflow activities)

For this section you will need additional materials. You should be able to “solve” the challenge using
either standard laboratory materials and/or commonly found materials.

How much dirt is present in your sample? What procedures could you use so that you could make

comparisons?

SOURCE: Edward W. Hessler, Air Pollution and Forests, 1990. The Acid Rain Foundation, Inc.



MATERIALS FOR
TEACHER USE

Socks, new white
tube

Motor vehicles
(variety of cars,
trucks, buses, etc.)

Oven mitts or
heavy gloves

Marker pen
Masking tape or
small tags with
safety pins for
labels

Rubber bands

SIECRN A==

) 8 & Distilled water

“ / pH paper/meter

Activity 6 — VEHICLE EXHAUST

CAUTIONS FOR TEACHERS:

1. Teachers will collect particulate matter from vehicles or contact a
local auto mechanics inspection station for material. White socks
will be marked, then taken to the classroom, opened and exam-
ined by students.

2. The experiment should never be conducted in a closed building.”
Set the emergency brake on each vehicle. Use oven mitts or gloves
when putting socks on and taking them off. Teachers should
stand away from the automobiles during the test. Exhaust
tailpipes emit carbon monoxide gas and can cause burns. Do not
touch the tailpipe until car has cooled for five minutes.

BACKGROUND

In 1986 there were almost 500 million vehicles operating world-wide. If
the present growth rate continues, by the year 2030 there will be one
billion vehicles. As the number of vehicles on the road grows, so does
atmospheric pollution. Presently more than half of the air pollution in
North America is the direct result of mobile sources. Emissions from
motor vehicles contribute to five of the six major air pollutants: lead,
carbon monoxide, nitrogen oxides, ozone, and airborne particulate
matter.

Air pollution produced by motor vehicles is being reduced in many
ways. In the United States the Environmental Protection Agency (EPA)
sets manufacturers’ emission standards for motor vehicles through
federal vehicle emission control programs. State and local governments
have implemented programs such as vehicle maintenance inspections,

inspections to check for the presence of pollution control devices, and

incentives to encourage the use of public transportation. New technolo-
gies to reduce motor vehicle pollution are actively being developed.
Increased fuel economy, more efficient burning of gasoline, vehicle
design changes, and vehicle fuel from sources other than petroleum-
based substances will all be part of future air pollution control.

OBJECTIVES

Students will:

1. Describe different sources of air pollution and the effects of
air pollution.

2. Describe air pollution from motor vehicles.

3. Understand the role of the US Environmental Protection Agency in the
federal vehicle control programs and what has been accomplished
under this program.

PROCEDURES

Teacher or Mechanic Instructions:

1. Pre-select vehicles (choose vehicles that use a variety of fuels) to test
exhaust fumes. Cars using unleaded gasoline and diesel fuels are the
most common. Vehicles using leaded gasoline or alternative fuels
such as alcohol or methane will provide variation.

2. Make a label for each sock that includes the following vehicle infor-
mation: model, make, engine type, and model year.

3. Place a white tube sock over the tailpipe of each vehicle and then
start the engines. CAUTION: Be sure no one is standing near the
vehicles before starting the engines. NOTE: If the socks do not fit
snugly over the tailpipes, secure them with rubber bands.



4. After approximately five minutes, turn off the engine. Using extreme
caution because of the possibility of burns from metal tailpipes,
remove the socks by using the mitts. Turn the socks inside out and

attach vehicle labels to the appropriate socks.

Students:
1. Ask the students to identify sources of air pollution in the community.
Included in this list should be automobiles, factories, power plants,
farming, wood- or coal-burning stoves, and natural sources. (Make a )
Number of Vehicles
in the World

list on the blackboard.)
2. Explain to the students what happens when a car burns gasoline or
(billion vehicles)

diesel fuel. Some of the fuel is changed into energy to move the

vehicle. By-products of the process include heat and air pollutants
which exit through the exhaust system. 1.0
0.8 4@?

3. Wash socks and measure pH of liquids.
4. Examine particulate matter in microscope.
0.6 (—N___ ™

In the Classroom: J’_‘H
1. Arrange the socks in order from dirtiest to least dirty. Ask the students 04 -

to identify the vehicles which produced the most visible pollution. 0.2 %

- m
0

1950 1990 2030

Ask if the socks were dry or damp.

Remind the students that they are seeing particulate matter pollutants
and that cars also produce a great deal of invisible air pollutants.

2. A display may be made of the “exhaust pipe socks” from different
types of vehicles, using different types of fuels. You can ma k e
. )
a difference!

Explain to the students that tune-ups can make a big difference in
emissions.
Use public
transportation, car pool,
ride a bike or walk!

fol]owing

Drive a more fuel
efficient car!

How m
an i i
nany service Stations jp the city
Or coun

and diese] fy;q]
month? » ANd find out hy, ty sell
' Mmuch of eqch k? leaded, ypje
ind js sold Oded;
per

HOW mqny

N mOtOr vehj e
ins R ) hlcl S are reg'stered n
pecnons requl ed. ! i your county?
I ? y? Are €mijssj n
18sio

Observe the posted
speed limits!

Contact Jo
; cal aut .
anti-pollytio omobile deqjersh:
i n devj lerships .
Optionq] equipm:;]ies are avauab1epqst§)t§2%fﬁfjmf0rmanon on whqt
. equl'pment and Q
as

Use less paper!

How mqn
Y peop]
use IOCQI Mmass Dle Qre emplo .
transit per matcd 0 your co
onth? unty? How mq
’ ny people

Contact the Jo,

of ajr pollution ?n your are
Use recycled paper!

Take your lunch to
work or school
in reusable containers!

RESOURCES: Brown, Lester, et. al. State of the World 1995. World Watch

Institute. New York: Norton, 1995.
Hammond, Allen L., ed. World Resources: A Guide to the Global Environment. The World
Resources Institute. New York: Oxford University Press, 1990.

Teacher's Guide to World Resources 1992-93, World Resources Institute, Washington, DC.

National Wildlife Federation. We Care About Clean Air. National Wildlife Week Educator’s

Guide. Washington: n.p., 1987,
ted with permission, from the activity "Let's Sock Car

SOURCE: This activity is adai)
Exhaust!" from Environmental Resource Guide — Air Quality for grades 6-8. Air and Waste "E

Management Association, Pittsburgh, PA, June 1991.




MATERIALS
Graph paper

Overhead
projector

et

Mean Year SO, Concentration
Templice, Wolkerova St.
The Czech Republic

pg.m> —
170
150
100 -
WHO Recommended Limit
o P T T TTEOMETRICAL MEAN
o——————— _ARITINIETIC MEAN
| | ] ] ]

1970 1975 1980 1985 1990
SOURCE: The World Health Organization

| Activity 7 — EVERY BREATH YOU TAKE

BACKGROUND

Monitoring air quality and providing information to the general public
is done for two major reasons. First, studies have shown a relationship
between the severity of air pollution and health. Accurate, timely, and
easily understandable iriformation about daily levels of air pollution
allows susceptible people to modify their activities and to take tempo-
rary measures to protect themselves. Second, government agencies are
required to take steps that will prevent air pollution from reaching
harmful levels.

For many years, cities developed and used their own indices for reporting
air pollution levels to the public. Because no two of these were exactly
the same, in 1976, the Environmental Protection Agency (EPA), in
cooperation with the Council on Environmental Quality (CEQ) and
other agencies, developed the Pollutant Standards Index (PSI).

PSI provides a standardized way to report daily air pollution. PSI con-
verts the levels of pollutants in a community to a number on a scale of O
to 500. The index is based on established ambient air quality standards.
These monitor the levels of carbon monoxide, nitrogen dioxide, sulfur
dioxide, particulate matter, and ozone.

OBJECTIVES

Students will:

1. Monitor air quality in two communities.

2. Collect air quality data from a state agency.

3. Graph results from data collected.

4. Draw conclusions about air quality in the local area using data
collected.

PREPARATION

1. Make a transparency showing the nation’s air quality standards
using “U.S. National Ambient Air Quality Standards." Show the
transparency to the students, explaining that these standards are
enforced nationally and that indices used to report air quality infor-
mation to the public were derived from these standards. (You may
wish to make photocopies for the students instead of using a trans-
parency.)

2. Give each student a copy of the “U.S. Pollutant Standards Index.”
Discuss the information given on the index, pointing out its useful-
ness to people, especially those with health conditions that make
them particularly susceptible to air quality problems.

PROCEDURES
A. Divide the class into three groups.

1. Have one group contact the local agency responsible for air quality to
determine where the nearest air quality monitoring stations are
located. Have the students collect and record PSI readings each day
for two weeks. Students should also record the type(s) of pollution
(sulfur dioxide, ozone, etc.) each day. NOTE: You may wish to contact
your local television station, radio station, or newspaper to determine
if they obtain daily PSI readings. Air quality information is often
included in weather reports.

2. Have the second group identify the nearest larger city and the local
agency in that region responsible for air quality. Have them contact
the agency to obtain information on the PSI, collecting and recording
index readings and type(s) of pollution each day for two weeks. If
your students live in a metropolitan area, have them identify a less
populated area to monitor the air quality.



3. Have the third group contact the state agency and obtain statewide
information on air quality for the past year. Ask for quarterly (sea-
sonal) readings, rather than daily readings. Have the students deter-
mine the type(s) of air pollution for each quarter.

B. Once the students have obtained the information, each group should
draw two graphs of their data: (1) PSI index value and (2) PSI air
quality level.

C. Have each group present their findings to the class. Have the students
draw conclusions from the information.

1. Does the day of the week, or the season of the year make a difference
in pollution levels? If yes, for which pollutants?

2. Compare the results of air quality in their town with the more (or less)
populated area.

3. What was the most common type(s) of pollution? Does it change by
day or by season?

U.S. National Ambient Air Quality Standards

Standards
Pollutant and (micrograms per cubic meter)
Time Period* Primary**  Secondary***
U.S. Pollutant Standards
Total suspended particles Index
Annual 75 60
24-hour 260 150 Air Health
Index Quality Effect
PM10 particles Value Level Descriptor
Annual 50 50
24-hour 150 150 500 Significant
Harm
Sulfur dioxide 3 Hazardous
Annual 80 : 400 Emergency
24-hour 365
3-hour 1,300 300 Warning
Very
Nitrogen dioxide Unhealthful
Annual 100 100 200 Alert
Carbon Monoxide Unhealthful
8-hour 10,000 10,000 100 NAAQS
1-hour 40,000 40,000
50 50% of Moderate
Ozone NAAQS
1-hour 235 235
0 Good
Lead
3-month 1.5
SOURCE: Guidelines for Public Reporting of
* Short-term standards (24 hours and less) are not to be Daily Air Quality - Pollutant Standards Index,
exceeded more than once a year. Long-term standards _ EPA, 1976.
are maximum permissable concentrations that are never
to be exceeded.
**  Set to protect human health.
***  Set to protect public welfare.

SOURCE: "How Clean fs Our Air?" Tennessee Valley Authority, April, 1990.

EXTENSION
Discuss with the students ways they as individuals and as a part of a
family can help reduce air pollution.

RESOURCES: Tennessee ValleY Authority. How Clean Is Our Air? (by William ]. Parkhurst
and Barry L. Barnard). Knoxville: n.p., 1990.

U.S. Environmental Protection Agency. Measuring Air Quality: The New Pollutant Stan-
dards Index. OTA, 11/8. Washington: GPO, 1978.

Guideline for Public Reporting of Daily Air Quality-Pollutant Standards Index (PSI). Office
of Air Quality Planning Standards, EPA/450/2/76/013. Research Triangle Park, NC: GPO,
1976.

SOURCE: This activity is adapted with permission from the activity "Every Breath You
Take" from Environmental Resource Guide - Air Quality for grades 6-8." Air and Waste Manage-
ment Association, Pittsburgh, PA, June 1991.

You can make
a differgnce!

Install the most
efficient tire available
on the market!
This improves fuel
economy by 1 to 3
miles per gallon.

Make sure your tires are
properly inflated!

Make double-sided
photocopies; use
reverse side of paper!

Buy food and other
products wrapped in
the least amount of
packaging possible!

Buy non-aerosol sprays!

Buy food in
reusable containers!




MATERIALS

Collection of
cartoons

Overhead
projector

Copyright Information: As a rule,
copyrighted material used for
nonprofit educational purposes
can be reproduced if these
guidelines are followed: 1. Single
copies for use in one course. 2. If
multiple copies are used, make
only one for each student. Copy
only one cartoon from each book
or magazine issue, and use it for
just one course. If you wish to go
beyond these guidelines, write to
the copyright holder or publisher
and ask permission to use them in
specific ways. Usually, permission
will be readily granted.
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Activity 8 - THE WORLD THROUGH THE

EYES OF THE CARTOONIST

BACKGROUND
Cartoons show many different points of view about various topics, and
can stimulate thinking about values, science, and society.

OBJECTIVES

Students participating in this activity should be able to identify values
expressed or implied in cartoons, compare cartoonists’ values with their
own; describe the issues, people, or events pictured; recognize that
cartoons are more likely to show problems than solutions; and appreci-
ate the editorial function of cartoons.

TEACHER TIPS

1. Encourage your students to add cartoons to the class collection.
Cartoons can be found in newspapers, especially on editorial pages
and in magazines. When students cut out or photocopy cartoons,
make sure they include the name and date of the source publication.

2. Editorial cartoons differ from cartoons for entertainment in that they
express an opinion or special point of view about a person or issue in
the news. They are most often found on the editorial pages of news-
papers. Some characteristics of editorial cartoons are exaggeration of
size or reality; personification of institutions such as government,
banks, etc., caricature, double message (one obvious, the other
hidden); emphasis on a single topic; problems shown rather than
solutions; bias; stereotypes; symbols; currently newsworthy; and
humor, satire, and ridicule.

PROCEDURES

1. Make sure everyone can see the cartoons (individual copy, or over-
head). Ask the students about the cartoons and their ideas about how
attitudes and biases are expressed. Do the facts agree with the
cartoonist’s viewpoints?

2. After viewing the cartoons and asking for comments on them, con-
clude the lesson with a general discussion, using these kinds of
questions: '

An opinion supports a viewpoint only when expressed by a person
who is in a position to know, observe, and interpret the facts about
the given topic. If he is in such a position, why? If not, who is?

Is the cartoon subject a social problem that has arisen because of
scientific discoveries?

Is this problem a social problem that is likely to be solved because of
scientific discoveries?

3. Put this statement on the board and ask for students’ opinions:

The way to learn about an environmental problem is from a:
a. cartoon
b. newspaper article
¢. magazine article
d. scientific report
e. television documentary



. e choices:
contained thes
statement also

. all of the above
; none of the above

or why not?
his change your original answer? Why
Would this ¢

. . eone
. ? Share it with som
EXTENSIOT:SH you ﬂlustrate it uSlng a cartoon
Pick a topic. Ca

else in your group.

Choose appropriate questions gs g Springboqrd for class discussion
Or as a writtep €xercise:

You can mak'e
a difference!

W};]at is the maqjn point the cartoonist js making? po you agree
with jt?

What is the €nvironmentqj Subject of the cartoon? What i the
main probjem Or issue associated with it?

What are the bigses and assumptions of the cartoonist? What js he
in favor of, or not jn favor of?

sible,

Whenever possi ‘

buy returnable bottles
and cans!

What is the messa?e? Do yoy Qgree or disagree? Do yoy Suppose q
berson from g totally different Culture would get the Same mes.
sages?

Is there g double message? Ope that is obvious qnq One thqt js
hidden? What are these?

Give gifts that keep
on giving such as:
an experience,
a low-flow shower head,
a treel

After yoy have €Xamined q Collection of cartoons, decide what
Issue/issues they deqj with, Check the boxes which apply:

business ecologicq] scientific social
health political €conomic pollution

Tell why yoy made the choices youdid. Cqp You group qJj the
cartoons under this set of categories?

Weatherize your hou}fe -
add insulation to t le
doors, windows{ attllc

floors and ceilings!

What idegs o feelings do You bring to the cartoon thqt could
Influence the way you “reqq” it?

Summarize the cartoon. First, in one Sentence, thep in one word. -

Borrow or rent itemsd
you don't use often an
maintain and repa}r
the items you own!

6-12. 1985
riculum, Grades

d W. Acid Precipitation Awareness Cur

: ler, Edwar f

SOURCE: Hessler,
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MATERIALS

Individual copies
of the same futures
wheel

Large sheets of
paper (36" x 36")

Marking pen
for each group

Activity 9 - WHEELING INTO THE FUTURE?

OBJECTIVE
During this activity, students will:
1. Learn how to develop a futures wheel*
2. Create a futures wheel to explore the effects of (an air quality topic)

Students will explore the effects of (an air quality topic) beyond the
initial impact on aquatic and land ecosystems.

PROCEDURE

The futures wheel is a teaching tool that encourages students to think
creatively in exploring the implications of a particular topic. There are
no right answers. It is not a decision making tool.

Period One

1. Divide the students into groups of four to six, and have each group
select a recorder.

2. The recorder writes the (air quality topic) of the futures wheel in the
center of the paper and circles it.

3. The group asks the question “What might happen if ?” They give
three to five responses to the question and the recorder writes them
around the center circle. All responses are to be written down without
discussion or evaluation. These are first order connections. They
should be circled and connected to the center circle with one line.

4. Then ask “What might happen if...?" of the first order connections

- and place those responses around each of the first order connections.
Circle them and connect these second order connections to the first
ones with a double line.

5. Continue with the third order connections. Depending on the topic
and the ability of the students, the wheels could be carried out to fifth
order connections. However, third order is a good level for beginning
experiences.

6. Try to think of both positive and negative connections. They may be
labeled good (+), bad (-), or neither (n).

Period Two

When you feel the students understand the basic process of developing a
futures wheel, have them begin a futures wheel for the purpose of
exploring (another environmental topic). Divide the students into
groups and give each group one of the large sheets of paper. The re-
corder should label the center circle with the chosen “environmental
topic.” The question for the first order connections should be “What
might happen if .... continues?” Give hints.on the process as you moni-
tor the groups.

When the groups have carried their wheels out to the designated order
or reached the time limit, discuss the results as a class:

1. Ask each group to share their most creative “spoke” and/or an espe-
cially threatening “spoke.”

2. Questions: Are the effects of the “environmental topic” narrow or
broad? What can we say about the “environmental topic” when it is
extended in a futures wheel?

Display the wheels and allow students to look for similarities and differ-
ences.



EXTENSIONS

e Regroup the students and develop another futures wheel. Are these
more complete than the first ones? Are they more creative?

e Ask the students to develop a futures wheel at home with their family.
Invite the students to bring these wheels to school to display.

Futures Whee|

SPREAD
THE WORD

*The futures wheel was developed by Jerry Glen, a Professor at the University of
Massachusetts. Joel Barker, Infinity Ltd, st. Paul has enhanced and refined its use. YO u Ca nm a ke
SOURCE: Stubbs, Harriett S, Mary Lou Klinkhammer, and Marsha Knittig,” : a d Iffe ren ce '

Acid Rain Curriculum Grades 4-8.
Hessler, Edward W. Acid Rain Curriculum. Grades 6-12. 1985
Use daylight for lighting
whenever possible!

Switch to fluorescent
light bulbs! They last ten
times longer than

incandescent bulbs,
produce more light, and
are three to four

times more efficient!




MATERIALS

Figure 1:
Total Energy Use by Fuel
Types, 1989

Figure 2:

Commercial Energy
Consumption Per Capita
in Industrialized versus
Developing Countries

Figure 3:
Global Fossil Fuel
Consumption, 1950-89

Figure 4:
Reducing Carbon
Emissions

wewpef_

Activity 10 - ENERGY

BACKGROUND

Use of fossil fuels is a major contributor to climate change. Any strate-
gies to deal with air pollution and stabilize the climate must involve
reducing fossil fuels. Ultimately, the world will go through a major
transition from fossil fuels to alternative energy sources. However, this
would be an enormous change, as by 1989, fossil fuels accounted for
about 95 percerit of the world’s commercial energy supply.

Motor vehicles cause more air pollution than any other single human
activity, and the demand for motor vehicles is growing.

The United States emits 1.3 billion tons of carbon annually. With a U.S.
population of 250 million, that’s 5.2 tons per person per year. Granted,
much of this total comes from industry, but we can each reduce our
portion of carbon output by making everyday decisions to use energy in
a way that produces less carbon.

OBlECTIVE

Students participating in this act1v1ty will first learn about global energy
consumptlon trends. In the second period they will discover how they can
help to conserve energy by makmg smart daily decisions.

" PREPARATION

‘1. Give students a copy of each chart (figures 1 -4).

PROCEDURES

Period One

" 1. :Ask the students to answer these questions according to the graph in

figure 1:-

thl‘Ch group of countries uses: traditional fuel?
primary electricity?
natural gas?

oil?

coal? -

Figure 1: Total Energy Use by Fuel Types, 1989
' (petajoules) .

70 i .
: Traditional Primary g Natural . )
60 Fuels D Electricity & Gas . Oil [D:H Coal
50
40
. F_

30 ___
20 \ L
10

0 --_.:Q::n_-__ | _J:

Africa Asia & Latin OECD Non-OECD
- Oceania America '

DEVELOPING COUNTRIES INDUSTRIALIZED COUNTRIES ‘



Are there similarities and differences in the energy used by these coun-
tries? Can you state these in your own words?

6. Describe a similarity between Organization for Economic Cooperation
and Development (OECD) and non-OECD industrialized countries.
7. Is there a difference between OECD and non-OECD industrialized -
countries? ) S
8. How are African, Asian, and Latin American countries similar?
9. Describe one difference among African, Asian, and Latin American
countries.
10. Is there a similarity between developing and industrialized countries?
11. Are there differences between developing and industrialized countries?

Period Two
1. Form small groups and discuss how each student can conserve
energy. Discuss their findings with other groups.

General rule of thumb: If you save 1 kilowatt-hour, that represents a
savings of 0.4 pounds of carbon not released into the atmosphere.

Figure 2: Commercial Energy Consumption Per Capita in
Industrialized Versus Developing Countries
(petajoules) .

200
] . L)
1500'0"0000".00‘. ..'000‘9'000.
— — Industrialized World e e e Déveloping

100

50

===

1970 1975 1980 1985 - 1990

SOURCE: United Nations Statistical Office, Energy Statistics 'Yearbook 1989 (United Nations,
New York, 1991), and previous volumes. NOTE: One gigajoule = 10° joules.

Figure 3: Global Fossil Fuel Consumption, 1950-89

300 (gxaloules) )
250 -
200
150
100
-
0
1950 1960 1970 1980 1989

SOURCE: 1. United Nations (U.N.), Energy Statistics Yearbook 1982 (U.N. New York, 1984).
2. United Nations (U.N.), Energy Statistics Yearbook 1989 (U.N. New York, 1991).

EXTENSION
e Ask the students to take their charts home and discuss ways to
conserve energy with their families and report back to the class.

Figure 4:
Reducing Carbon Emissions

Activity Energy Savings
Home 4
Improving 300 kilowatt-

insulation in hours per year
your hot water (kwh/yr.)
heater .

Switching from 2,000 kwh/yr.
resistance heater
to heat pump

Switching from
typical refriger-
ator/freezer to
more efficient
‘model

1,250 kwh/yr.

Updating central 1,000 kwh/yr.
air conditioning _

Substituting an - 170 kwh/yr.
18-watt.compact ¢ - .

" fluorescent light
for a 75-watt
regular bulb (8

-hours/day)

Carpooling - - ."..1,000 gallons
_instead of driving gasoline/yr,
alone, foranends : L

Taking mter-czty 2 gallons 011 per
train instead of 100 rmles e
: alr mght g S

| Not detviag et - sm.ganam
averageU.S.car </ o o0

goes 10,000 mil
.per year)

Driving a car with' /167 gallons
30 mpg (instead o
of a car with 20

mpg) for 10,000
miles

Driving a car * 250 gallons
with 40 mpg

Driving a car 300 gallons
with 50 mpg :
Tuning up your 50 gallons/yr:
car (at average .

500 gallons/yr.)

Community o
Using a push 5 gallons gasoline/ |
mower instead of  yr.

power mower

Planting trees to ~ 500-1,500 kwh/yr.
the south.and
west of your home

SOURCE: Adapted from Francesca Lyman, with
Irving Mintzer, Kathleen Courrier, and James
MacKenzie, The Greenhouse Trap (Beacon Press,

Boston, 1990).
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‘Base - Any‘compound that releases

* ‘Bio-indicator - Plant species or varie
‘that are particularly sensitive to a specific .~
- pollutant. These provide useful indicators. of
; the presence of a particular: pollutant

‘Bnotlc Living or’ derived from I

- ',CIimate 'l'he meteorologacal e@ndm incl
, precipltatlon, and wind that usually P’ :‘oil in q pm'n ila

'Defollate To cause a loss of fohage, o

- community together with its physical
environment, considered as a unit.

Abiotic - That which lacks any living properties.

Acid - Any of a large class of aqueous
solutions whose chemical reactions are those
characteristics of acid: sour tasting, capable
of giving up a proton, reacts with certain
metals to form salts.

2

Acidic Precipitation - Atmospheric
precipitation below pH 5.0.

Aerosol - Microscopic particles or liquid

droplets suspended in air. AEROSOL.

Alkaline - An aqueous solution which chemically reacts in
base-like fashion. Often slippery to the touch, bitter, and caustic

Ambient - Prevailing condition of the atmosphere at a gi
time. ;

Anthropogenic - Caused by the actions of humans.
hydroxyl (OH:) ions when dissolved in water. :

A solution that contains an excess of (OH SEERY ol
ions. i

Blosphere The overall ecosystem of the ,earth 8i
ng temp

espedally prematurely,

Ecosystem - An ecological

Effluent - Waste emitted to the
environment.

Environment - The combination of
external or extrinsic physical
conditions that affect and influence
the growth and development of
organisms.

DEFOLIATE
Environmental Tolerance - The capacity to endure and exist -
in a specific environment.

Evaporation - The movement of water in the form of water from
the earth to the atmosphere.

Experiment - A test made to demonstrate {/;
a known truth, to test the validity of a Z
hypothesis, or to determine the validity of -

something previously untried.

a8

. EXPERIMENT

“concentration, or absence of a

- change, usually in color.

( water, or soil with undesirable amounts
“I"a very natural substance (such as
' :phosphate) in excessive quantities; or it
" may be very small quantities of a

* which is exceedingly toxic.

Habitat - The place where an
organism lives.

. \
Indicator - Any physical substance /
that indicates the presence,

substance by means of a characteristic

Neutral - Of or pertaining to a
compound that is neither acidic or
alkaline.

NI\TROGEN CYCLE

Nitrogen Cycle - A series of chemical reactions in which

. nitrogen compounds change form while passing from the
atmosphere 1nto the'soil, and back into the atmosphere.

N rog ' OX|des Any group of tox1c, gaseous mtrogen

erwise reach the
., derived or formed

er. dtmosphere, formed by the reaction of volatile
ipotinds, nitrous oxides, oxygen, and sunlight. A

an‘borne gases
‘Ilution Contamination of air,

of material or heat. The material may be

synthetic compound (such as dioxin)
PHOTO CHEMICAL GXIDANTS

" Species - All the organisms (plant, animal, or microbe) of a
"single kind, determined by similarity of appearance and/or by the

fact that members do or potentially can mate together and
produce fertile offspring. Physical, chemical, or behavioral
differences block breeding between species.

Sulfur Dioxide (SO,) - Colorless, extremely irritating gas or
liquid consisting of one atom of elemental sulfur chemically
bonded to two atoms of oxygen. Used in many industrial
processes.

Weather - The state of the atmosphere at a given time and place,
described by such variables as temperature, moisture, and
pressure.



Tips for Using Video Tapes

Many television programs are valuable tools for teaching, but their success depends on how they are used.
Here are some questions you may wish to consider in deciding whether or not to use a program and, if so, how
to more effectively use it..

Should I use a video tape of a televised science program in my classroom?

Does the content of the program contribute to-the achievement of course objectives? If only a part of the
program applies to what is being studied in class, should just a segment of the program be used?

Will the students have sufficient background to understand the major points in the program? If not, is it
feasible to develop the needed background before showing the program7

Is the length of the program appropriate for the class to which if is to be shown? If not, could it be
shown in segments, each followed by discussion and other activities?

Does the program emphasize things that are not easily done in class or with other media, such as
interviews with scientists, or tours of laboratories, or visits to research field sites?

Does the program contain controversial topics with which the teacher wants to deal? If so, do ground
rules for dealing with controversial topics need to be established with the class?

Does the program present a balanced point-of-view on controversial topics? If not, what will need to be
presented in class to provide a balanced point-of-view?

If copied from television, is permission expressly given for copying the program and for your use? If not,
has permission been obtained to use the program?

should the program be introduced?

How will students know what they are expected to learn from viewing the program? For example, will
they be given a list of questions to answer as they watch the program?

If the program contains scientific concepts that may be unfamiliar to many students, what will be done

- to introduce these concepts before viewing the program?

How
[ ]

If the program contains scientific vocabulary that is not famlllar to many students, what will be done to
help students understand this terminology?

will the program be followed up? )

If the students are given questions to answer while watching the program, how will their answers be
used?

Will the students have an opportunity to do investigative laboratory work following the program?
Will the students have an opportunity to apply what they have learned by watching the program?
How will what students learned from watching the program be evaluated? Will they be given a test or
evaluated with some type of alternative assessment, such as writing a summary of the program or
drawing a concept map?

In most sifuation‘s, time will not permit teachers to do all the things suggested. But attention shouid be given
to ways to introduce and follow-up the program if students are to profit from viewing it. With a sense of
direction, many students will apply knowledge.

A program worth showing deserves an introduction and follow-up that will help students profit from having seen the
program. o

SOURCE: Norman D. Anderson, North Carolina State University.






