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L E S S O N

Major Concept

Careless human activities can greatly im-
pact and harm the natural environment
and wildlife.

Objectives

As a result of this activity students will be
able to:

1) identify ways oil spills can affect birds
adversely; and

2) describe possible negative consequences
to wildlife, people, and the environment
from human-caused pollutants.

Background

The impacts of environmental pollution often
are difficult to see. A major oil spill, however,
provides dramatic evidence  of harmful effects
on wildlife. Examples include damage to feath-
ers, killing of embryos when oil seeps into
eggs, suffocation of fish when gills are clogged,
and death of terrestrial animals by ingesting
food and water contaminated by the oil.

People are involved in efforts to prevent oil
spills and their consequences. They also are
involved in efforts to “clean up” after such

Oil Spill Eggs
Grades:
Secondary.

Subject:
Science,  Mathematics,  Social  Studies,
Language Arts.

Time:
One to two 45-minute periods or longer.

Materials:
Cooking oil, shallow containers, eye
dropper, hand lens, feathers (natural), liquid
detergent (dish washing liquid), hard-boiled
eggs.

spills take place. Such actions are not always
successful, and sometimes they have unfortu-
nate consequences as well. For example, the
process of using detergents to clean oil from
the feathers of birds caught in spills may also
damage the birds’ feather structure and ar-
rangement and thus the birds’ waterproofing.
Birds may also be more susceptible to disease
during this time of stress, and may be weak-
ened to the extent that it is more difficult for
them to secure their necessary food and wa-
ter. Obviously, the food and water sources may
also be affected in quality. Oil spills are just

25
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third egg after 30 minutes, repeating the
procedure, examining each carefully. Dis-
cuss observations. What effect could oil
have on the eggs of birds nesting near the
water?

3. Examine a feather with a hand lens. Sketch
what you see. Dip the feather in water for
one or two minutes, and examine again
with a hand lens. Sketch and compare to
the original observations. Place the feather
in oil for one or two minutes, and then
examine with a hand lens, sketch, and
compare with other sketches. Clean the
feather in detergent, rinse in water, and
dry it. Examine with a hand lens, sketch,
and compare with previous sketches. Dis-
cuss changes in the feather after exposure
to oil and then to detergents. What effect
could these changes have on normal bird
activity?

4. Discuss other possible effects on birds
from an oil spill. Discuss possible impacts
on other wildlife species, on humans, and
on the environment. What trade-offs are
involved? Do we have to choose between
oil and birds, as well as other wildlife?
What are some alternatives? What are other
examples of human-caused pollutants that
can have negative consequences for wild-
life, people, and the environment? What
is being done or can be done about these
as well?

Discussion

How could an oil spill affect the success of
birds nesting near the water? Describe some
possible effects of oil on a feather Explain why
the effects of oil are different from those of
water. Describe some possible negative effects
of herbicides, pesticides, heavy metals  on
people, wildlife, and the environment.

Adapted from, Project WILD, Western Regional
Environmental Council, 1993.

Procedure

1. Divide the class into groups of three or
four. Each group needs a shallow pan par-
tially filled with water. Add a known
amount of oil, one drop to one dropper
full, depending on the size of the con-
tainer. Observe the interaction of oil and
water. Measure the area covered by the oil.
Using this information, estimate the area
that might be affected by an oil spill in-
volving: 1. A tanker truck holding 8,000
gallons. 2. A dump leaking five gallons per
minute into the Klamath or Trinity River.
Discuss and compare estimates with other
groups. Graph estimates and compute
average figures.

 2. Put enough oil in a small container to sub-
merge three hard-boiled eggs. Add the
eggs. Put the eggs under a good light and
watch closely. Remove one egg after five
minutes and examine it before, during,
and after peeling off the shell. Try to re-
move the excess oil from the outside
before attempting to peel the egg. Remove
the second egg after 15 minutes and the

one example of the kinds of pollutants that
can have adverse short and long term effects
on wildlife, people, and the environment. The
impact of DDT on the food chain is well-
known, as another of many possible examples.
DDT’s influence on thinner egg shells in bald
eagles and other birds is well documented,
one more in a combination of factors which
contribute to threatening, endangering, and
eliminating species. The major purpose of this
activity is for students to examine some of the
possible consequences of human-caused poll-
ution for wildlife, people, and the environment.
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Wading through Water Pollution

Grades:
Intermediate.

Subject:
Science.

Time:
Two or three class periods.

Materials:
Per small group: one quart jar 1/2 filled
with clean water, one quart jar of polluted
water water, sink, two coffee filters, one six
inch square piece of screening, one
medicine dropper, one spoon, 3/4 cup of
filter sand, one medium size funnel, one
sponge, one empty yogurt container (to hold
pollutants); pollutants: garbage, vegetable
oil, leaf litter, sand/mud dish, detergent,
food coloring.

L E S S O N 26

Major Concept

Removing pollutants from water is difficult,
therefore people need to work to keep
pollution from getting into our water in
the first place.

Objective

As a result of this activity students will be able
to predict which type of water pollution is the
most difficult to treat.

Background

Pollution is not always visible. In fact, what
we can not see is often the most difficult to
clean up. This activity parallels how water is
cleaned in septic and treatment facilities.
These systems are able to clean water of most
solid and biological wastes, but they are not
able to clean hazardous chemical waste. Al-
though chemical waste may be diluted so that
it is no longer visible, it does not mean the
water is free from contamination.
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Procedures

A drop from the Sky:
Guided Imagery

Have students close their eyes and listen to
the following guided imagery.

I am a droplet of rain, I’m falling from a dense
cloud, high above the Earth. I’m a cold bubble
of water, small as the head of a nail. As I drop
down from the sky, I can feel the Earth’s
warmth. Lower and lower, faster and faster I
go. Swoosh, I slide onto a big sign that feels
like cold metal against my sides. Soon after
sliding down the sign, I roll off onto a large
trash pile (take a whiff). Phew! It must be the
old tribal dump.

There are so many layers of trash. I pass
through coffee grinds, a laundry detergent
bottle, old fingernail polish, comic strips.
UGH, now I’m oozing through motor oil, old
paint cans and antifreeze. I feel myself getting
heavier and heavier, weighed down. As I travel
through leftover watermelon rinds from the
July 4th parade and firecrackers that never ex-
ploded, I hear a little voice. It is so soft. At
first I can’t understand. I strain my ears to hear.
The soft, squeaky voice says. . .”Take me, take
me. Take me with you!!!” Hmmmmm, “Take
me with you?” What does that mean? I don’t
understand the message.

Then, it clicks “TAKE ME WITH YOU!!!” That’s
why I feel so heavy! Every single thing that I
pass through is coming along with me—little
pieces of food, cleaners, motor oil, antifreeze.
All are stuck to my sides, and are traveling
everywhere I go! I am so heavy, I am dirty!
Why, I am no longer just a drop of rainwater...I
am...the dreaded, polluted, landfill leachate!

I think my journey through the landfill will
never end. But finally, I reach the bottom.
There is nothing to stop me, so I begin to ooze

through the soil. Now I can go anywhere. Why,
the possibilities are unlimited! Down, down,
down, down I go. For a long time I travel down
through the Earth. SPLASHHHHH! I enter
water underground. The same water that some
people drink. But I don’t stop there, oh no,
this is just the beginning of the journey. I move
very slowly, very slowly, while I am creeping
along. But finally, I pop out. The sunshine feels
warm, the birds are singing. I, the dreaded,
polluted landfill leachate have become part
of a spring. And my journey still is not over.
Who knows where I will end up?!

With your eyes still closed, follow me to my
next visiting place.  Then, sitting in a circle,
ask each student where they ended up as a
water drop.

Discussion

What is leachate? What makes it polluted? List
the different types of pollutants the rain drop
encountered. What else pollutes water?

In small groups, have students create an end-
ing to the story. The ending should describe
the rest of the journey of the dreaded landfill
leachate. Where did it go? What was its effect
on the environment?

Student groups should share their ideas with
the class.

Water Pollution Clean-Up

Before class, prepare “polluted water” for each
small group by placing all the listed pollut-
ants in a quart jar half full of water. Assemble
clean-up equipment and put in wash basin
(one set of equipment per group).

Pollute one sample in front of the class. Have
students recall what types of things the rain-
drop encountered as it traveled through the
landfill. As students call off items, add a rep-
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resentative pollutant to the water sample (ex-
ample: student says “motor oil” teacher adds
vegetable oil to the sample, student says
‘household hazardous waste,” teacher adds
food coloring).

Water Clean-Up Simulation

Student groups will have twenty minutes to
try to restore a “polluted” sample of the
dreaded landfill leachate to its original clean
state. Everything students can use to achieve
this goal is at their learning station. There are
three rules:

1. Students must pour everything over
the wash basin.

2. Everyone in the group must have
a chance.

3. Before students can begin the clean
up, they must design how they will do
it, and show the teacher written
steps on their lab sheet.

After completing the clean-up, have each
group show a sample of their “cleaned” wa-
ter, and report on their success and hardships
to the class. Ask students:

1. What ways worked the best to
clean the water?

2. What were the hardest pollutants
to remove?

3. What were the easiest?

4. Were you able to remove everything?
If you were not, why do you think you
were not able to?

5. What things do you think would have
helped you clean up the leachate that
you did not have?

6. Only three drops of food coloring
(household hazardous waste) was
added to the water. Even though it
was only a small amount, it was still
difficult to remove from your sample.
What does this say about household
hazardous waste in the environment?

If students tried to dilute their water sample
to get rid of the food coloring, ask them what
happened. Did the food coloring ever leave
the sample?

Discussion

Ask students if they know how water is cleaned
from their homes (septic system, municipal
treatment facility)? How is this similar to the
methods they just tried? How is it different?

Have students write a persuasive paragraph
to convince others not to pour hazardous
waste down the drain. In the paragraph, stu-
dents should state specific reasons why this
should not be done.

Adapted from”Water Pollution Clean Up” Hudson
River Sloop Clear Water, 112 Market St.,
Poughkeepsie, NY 12601, (914) 454-7673.
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STUDENT WORKSHEET

Experiment Guidelines for the Water Pollution Clean-Up Learning Station

Congratulations,
you have accepted the challenge
to clean up the polluted water!

Directions:
Look carefully at what pollutants are in the water and what equipment you have to
use to clean the water. Decide as a group what equipment would work best for clean-
ing each pollutant. BEFORE YOU BEGIN, WRITE DOWN THE STEPS YOU WILL TAKE
TO CLEAN THE WATER, SHOW THESE STEPS TO YOUR TEACHER.

Any waste you remove from the polluted water sample
should be placed in the empty container.

Fill in the chart below.

Name of Pollutant ......How will you try to remove it? Was it removed?

1.

2.

3.

4.

5.

6.
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Oil on the Klamath

L E S S O N

Grades:
Intermediate.

Subject:
Science.

Time:
Two hours.

Materials for each group of 4-6 students.
Heavy-duty garbage bags and garbage

cans; one large pan; 1/3 cup of vegetable oil;
three feet of rope; four rags; handful of straw
or dried grass; three feathers; one turkey
baster; paper; pencils; one tablespoon liquid
detergent; 1/3 cup alcohol; paper towels.

Procedure

  1. Record each step you
perform and your re-
sults.

  2. Fill buckets or pans 2/3
with water and add 1/8
cup oil.

KLAMATH

  3. Take your rope and try to contain the
“spill” on the surface of the water. Can
you remove the spill?

27

Major Concept
Oil spills on bodies water can harm wildlife
and is difficult to eliminate from the environ-
ment.

Objective

As a result of this activity students will be able
to articulate the difficulty of mitigating the ef-
fects of oil contamination of a river environ-
ment.

Background

Imagine you are a river
dwelling bird whose

feathers, or mammal
whose fur has been

contaminated by
oil seeping from

an open dump
near the river.

What would happen if you tried to feed? Could
you still move around well? Could you clean
the oil off yourself? Now imagine yourself the
owner of a fishing guide service when an oil
slick is affecting the color and odor of the river.
How could you clean up the seepage and deal
with the concern. In this activity, you will be
simulating some of the problems of the seep-
age and its clean-up.
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  5. Could these animals/clean the oil off
themselves? Why or why not.

  6. How does oil react on moving water?

Related Activities

  1. Repeat Activity #1 using vegetable oil and
lightweight 10 w/40 motor oil. Compare
your results.

  2. Research new techniques now available
to clean up oil spills. Good sources of
information are the U.S. Department of
the Interior, California Department of
Fish & Game, major oil companies, Cali-
fornia Coastal Commission, National
Wildlife Federation, and the Audubon So-
ciety.

  3. Collect, review, and discuss reports from
the Santa Barbara oil spill of 1969. Fo-
cus on the a) immediate effects, b) long-
term effects, c) clean-up methods used.

Adapted from, Exploring the Coastal Environment and
Its Resources, California State University, Long Beach,
1985.

  4. Whether or not you have contained the
spill, try to absorb the spill with a) a paper
towel, b) a handful of straw or dried
grass, c) rags, d) a turkey baster. (If one
material removes too much of the oil, add
another 1/8 cup oil.)

  5. Dip your feathers in oily water. Attempt
to clean the feathers with a) alcohol,
b) liquid detergent, c) a paper towel,
d) a rag, e) straw.

Discussion

  1. Could you clean-up your oil spill?

  2. What was your most effective method?
Why?

  3. What makes the conditions in a river
more difficult to clean-up than on a lake
or in the ocean?

  4. What effect do you think an oil spill
would have on a) a salmon? b) a duck?
c) an otter? d) an insect?
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Congratulations, you have accepted the challenge to clean up polluted water!

 Directions

Look carefully at what pollutants are in the water and what equipment you have to use to
clean the water. Decide as a group what equipment would work best for cleaning each
pollutant. BEFORE YOU BEGIN, WRITE DOWN THE STEPS YOU WILL TAKE TO CLEAN
THE WATER, SHOW THESE STEPS TO YOUR TEACHER.

Any waste you remove from the polluted water sample should be placed in the empty
container.

Fill in the chart below.

Experiment Guidelines for the
Water Pollution Clean-Up Station

Student Worksheet

NAME OF POLLUTANT HOW WILL YOU TRY  WAS IT REMOVED?
   TO REMOVE IT?

1.

2.

3.

4.

5.

6.
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Landfill in a Pop Bottle

L E S S O N

Major Concept
Sanitary landfills are a modern method of dis-
posing of municipal waste.

Objective
As a result of completing this activity students
will demonstrate the understanding of the
“Sanitary” landfill as a waste management
method.

Background
Waste management used to be simple. You
took all of your garbage, dumped it in a big
pile, and when the smell was too overwhelm-
ing, you just moved on. Then, as cities devel-
oped, waste was taken to remote dumps.
These open dumps were often burned, to
make space for more garbage. When cities
expanded, these dumps were no longer
remote, and the problems associated with
these dumps began to hit home. Up until the
late 1960s, few regulations governed the
operation of open dumps in the United States.
Today, citizens are paying the price. By 1991,
the California Integrated Waste Management
Board (CIWMB) had identified more than
2500 closed, illegal, or abandoned solid waste
sites in California. Some of these pose signifi-
cant environmental problems.

The primary cause for concern is the threat
that landfills pose to local groundwater

supplies. Every time it rains, water percolates
through the volumes of garbage. In the pro-
cess, this water leaches heavy metals and other
hazardous materials from such common
discards as automotive batteries, paints, and
cleaners. The resulting liquid, or “leachate,”
eventually collects at the base of a landfill,
often in considerable quantities. The primary

Grades:
Intermediate.

Subject:
Science, health.

Time:
One class period, homework.

Materials:
Four rinsed 2-liter pop bottles and caps; one
1/2-gallon bucket of gravel; one-gallon bucket
of regular soil (do not use potting soil); 3-inch
swatch of cheesecloth or nylon stocking; one
plastic food bag; scissors, tape, two
rubberbands, utility knife; a package contain-
ing a garbage can with one piece of garbage
per student; a couple of letters from the
garbage collector (written by the teacher);
assorted small pieces of garbage (apple cores,
banana peels, bread, leaves, aluminum foil,
bottle caps, rubberbands, paper clips,
pennies, cloth, newspaper, copy paper, plastic
scraps, etc.)

28
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repository for the waste produced in New York
City, generates an estimated 2 million gallons
of leachate per day. According to one source,
this brew can be up to 200 times as toxic as
raw sewage. If it leaks from the landfill and
reaches the water table, it can seriously con-
taminate groundwater. With over half of all
Americans dependent on groundwater for
their drinking water needs, contaminated
groundwater constitutes a significant problem.

A second significant problem with landfilling
is the generation of gases as a by-product of
decomposition. Methane is the most pervasive
gas found at landfills and can be explosive if
allowed to accumulate. Air Solid Waste Assess-
ment Text Reports (SWATS) for landfills re-
viewed by the State of California in 1991 show
that methane levels in soil at the site bound-
aries exceed regulatory standards at 25 per-
cent of the sites tested. Water SWATS for the
300 highest risk active and inactive sites iden-
tified by the State Water Resources Control
Board show that 45 percent had ground water
contamination above required action levels.
Preliminary investigations have shown that the
majority of the approximately 360 active land-
fills have either air or groundwater problems
that will require corrective action. Monitoring
and corrective action have become important
components in solid waste facility mainte-
nance.

In response to growing discoveries about land-
fill problems, government officials are increas-
ing measures to safeguard the public health.
States are passing legislation that has greatly
restricted the the practice of open dumping;
open dumping is illegal in California and has
been for many years. Existing facilities are now
subject to inspection and permitting by local
health departments. Final permits must be ap-
proved by the CIWMB. Local enforcement
agencies at the county level frequent inspec-
tions, and annual inspections are conducted

by CIWMB to assure compliance with state
laws and regulations.

In addition, new facilities have to incorporate
special design features. Termed sanitary land-
fills, these new solid waste dumps must in-
clude a synthetic membrane to contain the
site. Landfill operators must also install a
leachate collection system to remove the toxic
liquid that gathers at the base of the landfill
and conduct methane monitoring to ensure
that gases given off by the decaying garbage
do not become a health risk (see Diagram A at
the end of the activity). Once landfill sites have
reached capacity, they must be capped and
monitored. In the past, such sites were often
simply landscaped and used for parks and
housing developments. However, problems
have resulted from the build-up of explosive
methane gas and the settling of buried trash.
As a result, this practice is now being heavily
scrutinized.

Despite the added design features, the U.S.
EPA estimates that all landfills will leak at some
point in their lifetime. In addition, landfilling
is inherently wasteful. Instead of being treated
as a raw material and used to make new prod-
ucts, landfilled materials are buried, poten-
tially lost to us forever. Understanding the role
landfills play in managing our waste and their
potential environmental impacts will enable
us to utilize our natural resources better

Pre-Activity Questions

A. Have students sit in a circle.   Place a
package with a garbage can sealed in
it in the middle of the class.  Tell the
class that this was just delivered. “Wait
there’s a letter attached, let’s see what
it says.”
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Make a chart labeled “What Goes In A Gar-
bage Can?” List responses to the question
“What goes in a garbage can?” on the chart.
With three different colored markers circle
those items on the chart which could be re-
cycled, reused, or never used in the first place.
The chart can be used for reference, to record
changes as the students learn more, and as an
assessment tool at the end of your integrated
waste management unit.

B. Have students complete this sentence—I
put my trash in a garbage can, then it
goes....” Prompt students with the follow-
ing questions:

1. What happens to the trash after it goes
in the garbage?

2. Who moves it?

3. How does it get in the garbage truck?

4. Where does the garbage truck take it?

5. Where does it go next?

Introduce students to the word landfill.
Show photographs, read sections of a book
or show a video about landfills.

NOTE: Contact the local waste management coor-
dinator.

Procedure

Build the model landfill with your
students:

A. Deliver another letter from
Vince, the Garage Collector.
“We received another letter
from “Vince the Garbage
Collector.”

DEAR STUDENTS

My name is Vince and I pickup your garbage in my big gar-
bage truck. You may not know me, but I come by your school
and your home every week. I take your garbage to a landfill.
A landfill is a large hole in the ground where we bury gar-
bage.

Anyway, I sent you some samples from on one of these places.
Open it up. What do you think? What would you call this stuff?
What goes in a garbage can?

Sincerely,
Vince, the “Garbage Collector.”

DEAR CLASS

How have you been? I just got another break
from hauling garbage and wanted to drop you
another note. I was thinking: you know ev-
erybody uses landfills every day... so few
people know about them... and nobody wants
one near their home. Anyway, I thought you
might like to build model landfills and learn
more about them. I  would be a great way to
become a garbage expert.

There are some important things you should
know about landfills. Did you know that when
it rains, the water can go right through the
landfill, and mix with the garbage? If you
could look into the landfill, the water might
appear black and smelly. The water could go
down into  the soil and into the ground water.
Sometimes people pump the groundwater to
the surface for drinking, washing, etc. Well,
some people got together and decided that
this was not a good thing because the
groundwater could become polluted. So, they
decided to put “liners” down (sort of like a
garbage bag) before they put the garbage in
the landfill. These liners help catch the water
before it enters the soil.

So you can learn more about how landfills
are built, here’s my directions for building your
own classroom model landfills.’
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(For younger children you might want to
premake some model landfills and fill
them with different materials, one with
soil, one with rock and one with sand.
Then let your students experiment with
leaching water through these before you
attempt to introduce ground water.)

See Diagram B at the end of the activity.
Cut two 2-liter bottles in half: for safety,
make an incision with the utility knife and
then let the students cut around the bottles
with scissors (for younger children the
2-liter bottles will need to be precut); if
any of the edges are jagged, trim them with
scissors, these halves will serve as the base
and cap of your two model landfills;
remove the base cup from each of the two
remaining bottles; then cut the cottons off
half an inch below the point where the
bottles begin to taper down; cover the
top and neck of one with cheesecloth
or nylon stocking and secure it with a
rubberband; cover the top and neck of
the other with the plastic food bag and
secure it in a similar fashion; each of these
two bottles will form the body of your
model landfills.

Now turn the first bottle (with the cheese-
cloth) upside down and insert it in the
bottom half of one of the original bottles;
repeat this step on the second bottle (with
the plastic food bag), placing it neck-down
in the bottom half of the other bottle.

B. Have students assist  in placing the first
layer of gravel and soil. Fill each model
with a 2-inch layer of gravel followed by a
1-inch layer of soil.

Then bring in a play dump truck from the
sandbox and/or have students act as a sub-
stitute for the garbage truck and place
pieces of garbage (about 2 inches high)
on the gravel/soil layer and cover with a
1/2-inch layer of soil (see Diagram C at the

end of the activity); top the second layer
of garbage with a 1-1/2 inch layer of soil.

C. Now that the body of each landfill has been
prepared, gradually pour two cups of wa-
ter on top to simulate rainfall; cap each
landfill with the top half of the original
bottles. You have constructed two landfills,
one that leaks and one that is sealed. When
storing model landfills, keep them in a
dark room or at least away from direct
sunlight to simulate landfill conditions.

NOTE: You may choose to vary the amount
of water you add to the landfill to model
the rainfall in your area and different parts
of the state; e.g., the level of rainfall in
Humboldt County is much greater than
Imperial County.

D. Ask students to keep a log and describe
what happens to each of the landfills over
a period of several weeks. At the begin-
ning of each week, ask them to record their
observations. In each case, encourage
them to check for the presence of leachate
in the base of each landfill. In addition,
ask them to record from week to week any
changes in the various items of garbage in
the landfill. (If you wish to include
“leachate” testing—see Section C under
“Variations” below—after the students
record their observations, ask them to re-
move the leachate from the base of the
landfill. Then, ask them to pour one cup
of water on top of the landfill and replace
the cover. Leachate can be tested from time
to time and compared for pH, color, odor,
etc.). If you keep your model landfills long
enough, the sealed one will probably also
leak, which will likely be the fate of our
real “sanitary” landfills.

As an alternative to maintaining individual
logs, create a chart titled, “What Went Into
Our Landfill and What Happened To It.”
Divide the chart into “Prediction” and
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“Observation.” Give each student a piece
of paper for his or her name, and draw
the item each one “dumped” into the land-
fill. Help the students label their items. Ask
them to predict how it would change in
one, two, three weeks. Post the predic-
tions, with the date, on the chart. Each
week check the landfill and post observa-
tions.

Discussion/Questions

At the end of the activity for younger children,
deliver another letter from Vince, the Garbage
Collector. ”Vince sent this letter to our class.

Yo, fellow garbage experts,

Did you enjoy building model landfills? I’ll
bet you know more about landfills than any-
one else you know! What do you think hap-
pened? What did you see? Where does the
leaks from landfills go? Do you think land-
fills are a good idea? Where else could
things we no longer use be put other than
landfills?

Would you want a landfill built next door to
your home? Why not? What can we do? We
have to have a landfill someplace, don’t we?
I really  need your help. Please write me a
letter with your ideas as soon as possible.

Sincerely,
Vince, the Garbage Man.”

For older students compare in more detail
what happened in the two types of landfills.

A. Which items, if any, decomposed? Why?

B. How much leachate did each landfill
generate? Where did it end up?

C. What are the implications of your leaking
landfill?

D. How does a leaking landfill present a prob-
lem for the surrounding community?

E. How can you counteract leakage? (Note
that in minimizing  leakage through added
design features, the cost of landfilling goes
up.)

F. List alternatives to landfilling garbage.

G. What are the pros and cons of landfilling
versus the pros and cons of reducing, re-
using, composting, recycling, and inciner-
ating, etc.? Some of these concepts may
not be familiar to your students, so you
may want to introduce them briefly at this
point or cover them in other lessons.

H. What items in the landfills (including the
containers themselves) should be reused,
recycled, incinerated or landfilled of after
the activity? For example, most communi-
ties recycle the two-liter PETE bottles
(polyethylene terephthalate); organic
wastes, such as banana peels, leaves, etc.
should be composted/mulched; pennies
should be reused; newspaper can be re-
cycled/mulched; aluminum can be re-
cycled; cloth, if cotton, soil, wool, or other
all-natural fiber, can be resued/mulched.
Refer to the lesson “What Do I Do With It
Now?" to delve into this concept further.

Variations

A. Teachers may want to add a mini compost
container to the experiment to demon-
strate what happens to trash when it is
exposed to air and water. In order to do
this, refer to the activity entitled “Striking
It Rich with Classroom Composting." At the
end of four weeks, ask the students to com-
pare what happened in the model land-
fills with what happened in the mini com-
post heap.
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B. To add fun, have each student name his
or her landfill and then have the class share
the most creative names and displays with
other classes.

C. Students can actually test the leachate that
forms at the bottom or the leaky landfill.
In order to do this, ask them to remove
the leachate that has collected in the base
cup at the end of each week. Then have
them run a battery of tests on the liquid.

Test for the following properties:

  • pH (using litmus paper)

  • Suspended solids (drain it through a
coffee filter)

  • Dissolved solids (boil off the liquid
and examine and weigh the residue)

In addition, the leachate can be tested bio-
logically by planting test plots of seeds and
watering them with the leachate (addi-
tional seeds watered with distilled water
serves as a control for comparison). Com-
pare the number of seeds that germinate.
Graph your results for the chemical, physi-
cal, and biological tests.

D. Have the students build a model landfill
in the sandbox, including a plastic liner.

Closing the Loop, California Integrated Waste Manage-
ment Board, 8800 Cal Center Drive, Sacramento, CA
95826.
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Diagram B
Landfill Construction
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Diagram C
Layers in the Landfill



156     Landfill in a Pop Bottle



   Landfill Tea     157

Landfill Tea

L E S S O N

Major Concept

Garbage disposal sites must be carefully con-
structed to protect the environment.

Objectives

As a result of this activity students will be able
to describe:

1. how fast water moves through different
soil types; and

2. the effect of water movement on toxic
wastes in the soil.

Background

Household hazardous waste entering open
dumps and sanitary landfills can potentially
contaminate water supplies. When precipita-
tion enters landfills it percolates down through
the trash, picking up contaminants, including
household hazardous waste. This contami-
nated liquid, called leachate, can enter the sur-
rounding environment. The leachate looks a lot
like tea.

Grades:
Intermediate.

Subject:
Science.

Time:
Two class periods.

Materials:
One student information sheet “Leachate” for
each student; per small group: three funnels;
three beakers with gradation; dry samples of 1.
topsoil, 2. sandy soil, 3. clay soil (NOTE:
“lumpy” clay soil should be avoided); water;
food coloring; paper towels or filter paper;
graph paper; loose tea.

Many factors influence where contaminated
water can travel, including soil type.
Contaminated water moves differently
through different soil types. For example, the
large pore spaces in sandy soils allow water
to move very quickly. Spaces between clay soil
particles are extremely small; therefore, the
leachate’s movement is slowed down.

New sanitary landfills are constructed with a
special plastic lining to prevent leachate form
entering the water table.

29
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Procedure

1. Have students read the student sheet
“Leachate and Landfills.”

2. As a class, brainstorm with students about
what things found in dumps contribute to
the toxicity of leachate (i.e., products from
our houses containing hazardous sub-
stances: oil based paints, automotive prod-
ucts, some cleaning supplies, lead-acid car
batteries; waste products from small busi-
nesses such as print shops, dry cleaners,
film developers, etc.).

3. Ask students what environmental factors
they think influence leachate’s movement
(soil, geological formations, etc.).

4. Discuss with the students the three differ-
ent soil samples you have collected. Ask
students to predict which soil type they
think will slow water’s movement the
most.

5. Have student groups conduct the student
worksheet “Landfill Tea.”  This experiment
will demonstrate the differences in soil
types in terms of leachate movement. (Clay
soil is the most effective in blocking
leachate.)

6. After students complete the experiment,
discuss the following questions.

• Which soil type facilitated the water’s
movement?

• Which soil type delayed the water’s
movement?

• Is there a difference between the first
and the last interval? If so, why?

• What soil characteristics influence
water’s movement?

7. In small groups, have students brainstorm
everything they know about dumps and
how they operate. What do students know
about dumps and leachate prevention?

8. Have students design a waste disposal site
that will prevent leachate from reaching
the ground water.  The following questions
might help the process.

• How can you use the results of your
experiment to help write your plan?

• What else do you need to consider in
trying to prevent leachate from enter-
ing the environment?

• What are your ideas on how to pre-
vent leachate from forming in the first
place?

Adapted from Teaching Toxics, Association of Ver-
mont Recyclers, POB 1244, Montpelier, VT  05601,
1992.



Ground Water Models

Grades:
Intermediate - Secondary.

Subject:
Science, Mathematics.

Time:
Two weeks.

Materials:
Clear plastic shoe boxes; unpainted
aquarium gravel; two pieces of foam, one
cut to the dimensions of the aquarium, the
other two inches shorter in length; one
spray pump; plastic straws; powdered
dink mix; food coloring; paper towels;
film canister; water container.

L E S S O N

Major Concept

Contaminates buried in the ground can
pollute our water.

Objective

As a result of completing this activity students
will be able to describe the mechanics of the
pollution of ground water.

Procedure

1.  Basic Ground Water Model:

Use aquarium gravel, pump, plastic straw, and
foam to build the basic ground water model.
Spray water onto the surface of the model each
day (this illustrates rain).  Have students ob-
serve, record, and discuss the results.  Use the
spray pump to show how a well pumps water
from an aquifer.  Use the plastic straw to simu-
late an artesian system.  (The top of the foam
may need to be weighted to stay in place.)

2.  Herbicide / Pesticide Model:

Build the model as shown.  Sprinkle powdered
drink mix on the surface to represent pesti-
cides or herbicides on a field or forest.

Sprinkle water over the surface to simulate
rain and have the class observe, record, and
discuss the results.

3.  Landfill / Abandoned Waste Site Model:

Assemble the model shown.  Roll a paper
towel into a ball and saturate it with food col-
oring.  Place it beneath the surface as shown
to represent an improperly designed aban-
doned waste site / landfill.  Pour water on the
surface and observe the results.

30
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4.  Leaking Underground Storage Tank
     Model:

Construct the model as shown.  Puncture a
film canister in several places with a pin and
fill it with colored water.  Place it beneath the
surface (not along the side of the aquarium)
as shown.  Pour water on the surface and have
the class observe, record and discuss.

Discussion

What material in the model is most porous and
permeable?  (The layer of porous gravel known
as an aquifer.)

What material was the least porous and
permeable?   (The foam.)

What happens to the water table when ground
water is pumped out?  (It lowers.)

How can the water table maintain a constant
level?  (Water must be poured in at the  same
rate it is pumped out.)

Discuss what is done with leachate once it is
pumped out.  ( It is collected and shipped to
a hazardous waste facility.)

Adapted from The No Waste Anthology,  California
Department of Toxic Substances Control, 1991.
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1. Set up the groundwater model as shown.

2. Set a cup at the end to catch water coming out of the hole. Pour water (be ready to
measure this) into the model until it begins draining from the hole. Put a piece of tape
over the hole. One person can use a nonpermanent marker to draw on the side path of
water as it flows into and through the gravel and mark the water table. Record the amount
of water added _____________ml.

3. Untape the hole and let the water drain and compare the amont collected to the amount
poured in. Measure and record the amount of water drained from the model. ______ml.

4. How does the amount collected compare with the amount poured in?

5. Put tape over the hole again. Pour in more water until the water table is above the level
of the bottom of the pump. Pump some water out of the aquifer. Experiment with put-
ting in water (recharging the aquifer) faster than water is poured in, simulating drought
conditions.

6. Experiment with pumping water out of the aquifer faster than water is poured in, simu-
lating drought conditions.

7. Add water until it is just below the bottom of the drinking straw. Experiment with the
position of the model to make water flow out of the drinking straw without pumping to
simulate an artesian well.

8. Answer the following.
Which material is most porous? ____________ Permeable? ____________
Which material is least porous? ____________ Impermeable? ____________
What happens to the level of the water table when water is pumped out of the aquifer?

FOAM

FOAM (CONFINING LAYER)

GRAVEL (AQUIFER)

PUMP

STRAW

POUR WATER HERE

Student Worksheet
Constructing Groundwater Models

Student Worksheet
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FOAM

FOAM (CONFINING LAYER)

GRAVEL (AQUIFER)

PUMP

STRAW

POUR WATER HERE

Figure 1.:  BASIC GROUNDWATER MODEL

SPRINKLE WATER HERE

�����������
�����������
�����������

POWDERED DRINK MIX

Figure 2:  FERTILIZER / PESTICIDE MODEL

POUR WATER HERE

PAPER TOWEL SATURATED
WITH COLORED WATER

Figure 3:  LANDFILL / ABANDONED WASTE SITE MODEL

GROUNDWATER MODELS
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SPRINKLE WATER HERE

PUNCTURED FILM CANISTER
WITH COLORED WATER

FOAM

FOAM

GRAVEL

STRAW

POUR COLORED WATER HERE

FOAM

FOAM
CLAY PLUG

STRAW WITH HOLES

POUR COLORED WATER HERE

Figure 4  LEAKING UNDERGROUND STORAGE TANK

Figure 5:  AGRICULTURE -DRAINAGE WELL MODEL

Figure 6:  ABANDONED WELL MODEL

GROUNDWATER MODELS
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Contamination on the Move

L E S S O N

Major Concept

Contamination does not stay in one place,
water will carry it from the source in a plume
shaped pattern.

Objectives

As a result of completing this activity stu-
dents will:

1. demonstrate an understanding that con-
taminates move in a plume away from the
source of concentration;

2. be able to describe three factors that in-
fluence the movement of contaminates in
soil; and

3. understand that failed septic systems pose
a threat to health.

Background

How a contaminate moves in the environment
is dependent upon a number of factors, in-
cluding its individual characteristics and the
surrounding geographic area.  Generally, con-
taminates spread outward from the point of
origin, forming a plume which “points” back
to the contamination source.

Septic Systems

Anything that is poured down the drain or
flushed down the toilet either enters a septic
system or a waste water treatment facility and
ultimately enters the water cycle. Septic sys-
tems are common on tribal lands.

The septic system, located “on site,” treats a
home’s waste water before releasing it back
into the environment. Once entering the sep-
tic tank, waste separates out according to den-
sity. Solids settle to the bottom. Oils, grease,
and other lighter-than-water material float to
the surface and form a scum layer. The pri-
mary cleaning treatment is the action of bac-
teria, found in the waste, which digests organic
compounds. Waste water leaves the tank and
drains into the leach field.

31

Grades:
Intermediate - Secondary.

Subject:
Science.

Time:
One class period.

Materials:
Per group - one clear plastic shoe box, two
jars, light colored sand, powdered
lemonade, bright food coloring, water,
toothpicks, ruler, drawing paper, pH
paper.

169     Contamination on the Move
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The leach field consists of perforated distri-
bution pipes, which distribute the waste water
beneath the ground’s surface into the
surrounding soil. Soil particles, physical or
chemically, attract and retain sewage nutrients,
metals and pathogens. Microorganisms, living
in the soil, further break down the waste.
Periodically, septic tanks must be pumped out
in order to run effectively.

When a septic tank is not cleaned on a regular
basis it is likely to fail. Failure is caused when
the leach lines become clogged or the septic
tank goes out of balance. A tank can go out of
balance when toxic chemicals upset the bac-
teria population living in the tank. The bacte-
ria can be kept from breaking down waste. A
failed septic system can contaminate surface
and ground water. Because many households
in Indian country depend on well water, con-
taminated septic water may enter the wells.

Like incinerators and sanitary landfills, septic
systems are not designed to treat hazardous
wastes. Hazardous wastes, including excessive
amounts of drain openers and cleaners con-
taining lye and strong bleach, may negatively
affect the system’s natural cleansing process
by destroying bacteria needed to clean the
water. Without these bacteria, certain

pathogens will travel through the system un-
changed. Since the system is not designed to
treat chemical waste, household hazardous
waste passes through the system unchanged
and can potentially contaminate ground and
surface water.

As with landfill leachate, septic water from a
failed or contaminated system will move away
from the system in a plume.

Procedure

As a class, discuss the following questions.  Do
students know of any contaminated sites in
the area?  Do students know how contamina-
tion is detected?  What types of factors do stu-
dents think would influence how contamina-
tion would move through the soil?

In groups of three, have students conduct the
“Contamination Movement” experiment.  This
experiment demonstrates how contamination
tends to move in an elliptical plume.

Adapted from, AVR Teacher’s Resource Guide,
Association of Vermont Recyclers, POB 1244,
Montpelier, VT  05601, 1989.
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Student Worksheet
Contamination Movement

Setting Up the Experiment
1. Fill the clear box with an even 1 inch layer of dry sand.
2. Tilt the box at an approximate 30 degree angle, so that you will be able

to see the bottom.
3. In the top-center of the box, make a small depression in the sand.
4. Set up a strip of pH testing paper on the desk.

Procedure
1. Mix one cup of water, bright food coloring and some powered lemonade in a

jar, representing the contaminated water.  The food coloring will make the
water visible in the sand.  We are using lemonade because its pH will register
on the testing paper.

2.  Every two minutes, slowly pour 1/4 cup of the contaminated water into the
depression in the sand.  Begin the two-minute interval as you start pouring.
After each two-minute interval, check the bottom of the box to see if you can
see the water “plume.”

3.  Once visible, measure the length and width of the plume at each two-minute
interval. Record your results below.

Plume Length     Plume Width

Interval 1

Interval 2

Interval 3

Interval 4

4. Using a straw, remove several plugs of “contaminated sand” from the box (rinse
the straw with clean water between each sample).  Mark where you took the
samples with toothpicks.  Drop each sample on the pH paper.  If the resulting
color indicates a drop in pH (detecting the acid from the lemonade), you know
that the plume of “contaminated ground water” has been found.

Take and test enough sand samples until you can detect the shape of the plume.

On a separate piece of paper, sketch the plume at the four intervals (using a differ-
ent colored pencil for each interval).  Indicate where you find the lowest pH.  If
you continued this experiment, how would you expect the plume to move?
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How Very Little It Must Be

Grades:
Secondary.

Subject:
Mathematics, Science.

Time:
One class period.

Materials:
Calculator.

L E S S O N

Major Concept

Regardless of how much a contaminate is
diluted, the original substance remains.

Objectives

As a result of this lesson students will:

1. gain experience calculating parts per mil-
lion (ppm) and parts per billion (ppb),

2. understand how proportionally small both
a part per million and a part per billion
are; and

3. understand that a very little of some con-
taminants goes a very long way.

Background

There are a growing number of issues revolv-
ing around our use of water and our impact
on aquatic systems. Our increasingly sophisti-
cated water management techniques have al-
lowed us to control the flow of mighty rivers
like the Trinity and transform deserts into
flourishing crop land. In the United States,
billions of dollars have been spent to create
two thousand dams, 50,000 public and pri-
vate water utilities, and irrigation systems for
60 million acres of land.  In the course of
meeting our water needs, we have drastically
altered our landscape, changing the course of

rivers and draining millions of acres of
wetlands.  Reflections on the impact of our
attempts to manage water resources have led
to a call for a more integrative approach to
water management.

An understanding of the hydrologic cycle
and the functioning of aquatic ecosystems  is
being recognized as a necessary requisite to
making water management decisions.  As the
most commonly used solvent on earth, water
in its cycle, transfers pollutants throughout the
ecosystem.  The need for a more integrative
approach to understanding and solving the
acid rain problem is also becoming more
apparent.  Airborne pollutants around the
globe appear to be traveling hundreds of miles
from their source and affecting vegetation,
aquatic life, and human health as acid

32
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Drinking
Water

Standards
Listed below are some of the chemi-
cals or compounds that can contami-
nate our drinking water with the cor-
responding California maximum con-
taminant levels (MCL) and the Federal
standards:

Benzene
 0.005 ppm = 5 ppb - 0.001 mg/l(MCL)

Arsenic
0.05 ppm = 50 ppb - 0.05 mg/l(MCL)

Lead
0.10 ppm = 100 ppb - 0.1 mg/l(MCL)

1,1,1 Trichloroethane (TOE)

 0.2 ppm = 200 ppb - .200 mg/l (MCL)

Fluoride
 4 ppm = 4000 ppb - 1.4-2.4 mg/l(MCL)

1 cubic foot =7.48 gallons
1 gallon = .1337 cubic feet
1 acre =43,560 square feet
1 square mile = 27,878,400 sq.ft.

precipitation.  It has become an international
problem requiring an international pooling of
research and control efforts. The extent to
which more research is needed before seri-
ous efforts to control the problem can be ini-
tiated is a matter of ongoing debate, particu-
larly in the United States.

Procedure

1. We now have the technology to measure
chemicals in the parts per million (ppm)
or even parts per billion (ppb) ranges.
What do these terms mean?

A part per million is a proportion in which
one unit of a substance is found in a million
units of surrounding material such as air, soil,
or water.  One part per million is proportional
to one second in twelve and a half days (300
hours). A part per billion (ppb) is a propor-
tion in which one unit per billion units of sur-
rounding material. One part per billion is pro-
portional to one second in 32 years. Scien-
tists use parts per million (ppm) to describe
the amount of a toxic substance which can be
“safely” taken into the human body. When we
say something has a concentration of one
ppm, picture one inch in a distance of 15 3/4
miles; or one minute over a span of two years.

2. Provide students with the following in-
formation:

• Fish Lake is a 100 acre lake with an average
depth of 25 feet.

• Swimming Pond covers one acre with an av-
erage depth of 10 feet.

• Deep Rock Aquifer extends over 50 square
miles with an average depth of 6 feet.

3. Using the information above, have
students solve the following problems:
(Answers are given in parenthesis).
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Fish Lake? (.0675 ppm or 67.5 ppb);
in Swimming Pond?  (16.9 ppm or
16 ,900 ppb)

D. Suppose a 5,000 gallon tank truck
loaded with the chemical Arsenic ran
off the highway and all the chemical
spilled into Fish Lake. What would be
the concentration of the chemical in
the lake? (6.138 ppm or 6,138 ppb)
Does this violate the federal and/or
state standards?

4. Have students compare their calculation
to the drinking water standards for all the
chemicals listed above.  Ask: Which “inci-
dent” was the worst in terms of contami-
nation? Which scenario didn’t violate any
of the standards? How many of the cases
violated the benzene standards? The TOE
standard? etc.

5. Discuss possible ways of dealing with each
of these problems. (Calling the Depart-
ment of Health Services about a spill; de-
termining civil or criminal penalties for vio-
lators; educating the public as to poten-
tial threats to human health and to fish and
wildlife; restricting access to contaminated
waters; developing plans to prevent simi-
lar contaminations in the future, etc.)

Adapted from, A-Way With Waste, Washington State
Department of Ecology, 1990.

A. The California Department of Health
Services (OHS) Investigations unit is
attempting to track down the parties
responsible for dumping 50 gallons of
the herbicide 2,4-D in Swimming
Pond.  If the chemical becomes evenly
dispersed what would be its concen-
tration in ppm? (1.534) in ppb?
(1,534)  Should the OHS restrict ac-
cess to Swimming Pond? Why?

B.  The State Highway Patrol has notified
the Department of Health Services that
six gallons of benzene were acciden-
tally spilled into Fish Lake. If it is
evenly dispersed, what would its con-
centration be in ppm? (0.00738) in
ppb? (7.38)  Should the residents who
depend on the lake for drinking wa-
ter be notified? Why?

C. An old rusted, unmarked 55 gallon
drum was discovered on the property
of a resort near Fish Lake.  Although
the manager suspects it may contain
a hazardous chemical, he asks his as-
sistant to get rid of it any way he can.
Calculate the concentration of con-
taminant in groundwater if a 55 gal-
lon drum of the chemical were ille-
gally disposed of in an old well and
dispersed evenly throughout Deep
Rock Aquifer (0.00879 ppm or 0.879
ppb).  What if the same quantity of the
chemical were illegally disposed of in

What Are Parts Per Million?
Parts per million is the concentration of a substance where one unit of the substance
can be found in a million units of the surrounding air or water.
   • One part per million is one second in 12

days of your life
   • One part per billion is one second in 32

years of your life
   • One part per million is one penny in

$10,000.
   • One part per billion is one penny in

$10,000,000.

   • One part per million is one pinch of salt
in 20 pounds of potato chips

   • One part per billion is one pinch of salt
in 10 tons of potato chips.

   • One part per million is one inch in 16 miles.
   • One part per billion is one inch in 16,000

miles.
   • One part per trillion is a six-inch step on a

journey to the sun.
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L E S S O N

Toxicity: A Relative Term

Grades:
Intermediate.

Subject:
Health, Science, Language Arts.

Time:
These experiments take approximately 2-3
weeks and about two class periods for set
up, observation and discussion.

Materials:
Per student group: eight lima bean plants,
bottle of vinegar, pH testing paper, container
large enough to hold three liters, three
200 ml beakers, ruler.

Major Concept

Toxicity is dependent on relative factors like
concentration, length of exposure, and an
individual’s sensitivity.

Objectives

As a result of this lesson students will be able
to demonstrate:

1. how the concentration of a substance is
often linked to its toxicity; and

2. that toxics in low levels can have a harm-
ful affect in repeated doses.

Background

Something that is toxic is capable
of harming living things. Congress
has defined a toxic substance as a
chemical or mixture of chemicals
whose manufacture, processing,

distribution, use of, or disposal may present
an “unreasonable risk” to the health of people
or the environment. “Unreasonable risk” is an
ambiguous term. It is often a value judgment
that decides what is unreasonable.

Many factors determine how harmful a toxic
substance is to an organism. Toxicity is
largely determined by its concentration and
the doses taken. Some materials may be

toxic in minute quantities (such as dioxins).
Others, such as table salt, need to be taken
in large quantities to have any toxic effects on
an organism. An individual’s characteristics
influence the toxic effects of a substance.
These characteristics include: genetic fac-
tors, lifestyle choices (smoking, alcohol con-
sumption), gender (women accumulate more
fat-soluble toxins in their bodies than men),
age (the very old and the very young are
more susceptible to the effects of toxic sub-
stances) and allergic sensitivity (many indi-
viduals experience an allergic reaction to
some toxic chemicals even in low amounts
and concentrations).

33
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Procedure

Introduction to Toxics

Ask student groups to predict what they think
influences a toxic substance’s effect on our
bodies. List the main things that influence tox-
icity: concentration, amount and the charac-
teristics of the individual exposed.

Explain to students that some of the same
hazardous materials used in industry are used
in household products. However, when these
substances are used in household products
they are in lower concentrations and smaller
amounts.

Experiment

Concentrating on Toxicity.

Teacher preparation: (Per small
group) germinate eight lima
bean seeds in containers with soil
and water, as needed, until plants
grow to be 3” - 5” in height. At
this point the experiment is
ready to begin.

Students will water four plants
with different concentrations of
vinegar-water solution to deter-
mine how different concentrations affect plant
growth.

After the experiment is finished, discuss the
following questions.

1.  Were your predictions correct?

2. Which solution has the greatest amount
of vinegar in it? Which solution was the
most toxic to plants?

Experiment

How Much is Too Much?

Students will water four plants with different
amounts of the same concentration of vinegar-
water solution.

After the experiment, discuss with the class
the following questions.

1. Were your predictions correct?

2. Based on your experiments, how would
you define toxic?

3. Do you know of any products
in your home that are toxic to hu-
mans and animals?

4.  What is the difference between
amount and concentration?

Discussion

Ask the class, “Are all people af-
fected the same way if they are ex-
posed to a toxic substance?” In
small groups, have students list all
the differences between an infant
and a 60-year-old person; a smoker
and a non-smoker.

Ask the small groups to decide who is most
likely to be affected by toxic substances and
to give their reasons for their choices.  Have
the groups report their discussion to the class.

Adapted from, Teaching Toxics, Association of Ver-
mont Recyclers, POB 1244, Montpelier, VT  05601,
1992.
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In this experiment, your group will decide if amount determines how
toxic a substance is.  You will prepare one vinegar-water solution and
three plants with different amounts of this solution.

Instructions:
1. Prepare three liters of vinegar-water solution with pH 4.
2. You have four plants.  One plant will receive pure water.  The other three
    plants will receive different amounts of the vinegar-water solution.
3. Decide how much solution each of the three plants will receive, and label
    each plant with the amount.
4. Water the plants every three days for nine days.
5. Record your observations below.  Indicate each day you watered the plants.

HOW
MUCH

ISTOO
MUCH?

Observations:

Question: What are your predictions about what will happen to the plants?

    Plant 1   Plant 2        Plant 3      Plant 4

Day 1

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Day 8

Day 9

Amount
Given:

Student Worksheet —Toxicity and Amount
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In this experiment, you will determine how different vinegar-water
concentrations affect plant growth and appearance.  You will prepare
three different concentrations of a vinegar-water solution.  Vinegar
is an acid, which means it has a low pH.  The lower the pH of the
solution, the more vinegar is in the solution.

Student Worksheet —Toxicity and concentration

Observations:

    Plant 1   Plant 2        Plant 3 Plant 4 (pure water)

Questions: What is the purpose of giving one plant water only?
        What are your predictions about what will happen to the plants?

Instructions:
1. Prepare three different concentrations of vinegar and water (150 ml of
    each solution), pH 4, pH 5, and pH 6.  Use pH test paper to determine
    when the solution has reached the desired pH.  A fourth container will
    hold pure water (pH 7).
2. Label each container with its pH value and assign a plant to a particular
    pH.  One plant will receive only pure water.
3. Each day for three weeks give each plant 10 ml of its vinegar-water solution.

*On graph paper, plot a  graph that shows the effects of the vinegar-water solutions on plant growth.

TOXICITY

CONCENTRATING
ON

Week 1:
height

Color

Other
Observations

Week 2:
height

Color

Other
Observations

Week 3:
height

Color

Other
Observations



Dilution is no Solution

L E S S O N

Major Concept

Even very small amounts of pollutants in the
water can be harmful.

Objectives

As a result of completing this activity students
will demonstrate an understanding:

1. that the original pollutants remain regard-
less of the degree of dilution; and

2.   of the concept of parts per million.

34

Background

The concept of parts per mil-
lion (ppm) is difficult to un-
derstand.  A million is a num-
ber so big that it is beyond
comprehension to all but a
few adults.  Nevertheless,  a
rudimentary understanding
of the concept can be appre-
ciated.  The concept of ppm
can help students realize that
even with dillution the origi-
nal toxics are still present.

Grades:
Intermediate - Secondary.

Subject:
Science, Social Science.

Time:
Two class periods.

Materials:
Listerine mouthwash, water, six clear
containers, two graduated beakers.
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Procedure

Set up the following experiment as an inde-
pendent learning station. Have students
record the color and odor of the solution as it
becomes progressively diluted.

Discussion

Did the mouthwash ever leave the solution?
Why were you no longer able to detect the
mouthwash with your eyes? What does this say
about pollutants in water?  How does this
relate to air pollution?

1. Mix 10 units of strong smelling mouthwash and 90 units of water.

2. Take 10 units of Solution A and mix with 90 units of tap water (one unit of mouth-
wash. 100 units of solution). This is now Solution B.

3. Take 10 units of the Solution B and add 90 units of tap water (Solution C).

4. Take 10 units of Solution C and add 90 units of tap water (Solution D).

5. Take 10 units of Solution D and add 90 units of tap water (Solution E).

6. Take ten units of Solution E and add 90 units of tap water (Solution F).

Adapted from Water Pollution Clean Up Hudson River Sloop Clear Water, 112 Market Street, Poughkeepsie, NY

12601.

SOLUTION A
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Student Observation Sheet

Smell Color

Solution A

Solution B

Solution C

Solution D

Solution E

Solution F
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L E S S O N

Concentrated Chemicals

Grades:
Intermediate - Secondary.

Subject:
Science, Language Arts.

T ime:
Two class periods.

Materials:
8 five-ounce cups, 4 eight ounce cups, 2
fifteen-ounce cups, l quart container 8
brown beans and 8 white beans per group.

35

Major Concept

Pollution not only affects the wildlife first ex-
posed to it, it impacts others within the food
chain.

Objectives

As a result of this activity students will be
able to:

1. describe how hazardous waste can end up
in wildlife habitats;

2. explain how harmful chemicals affect food
chains; and

3. discuss hazards associated with herbicide
spraying on forest land.

Procedure

Students participate in a simulation to discover
the meaning of bioaccumulation and
bioconcentration. Through discussion, stu-
dents will predict what can happen to a food
chain in a polluted environment.

1. Discuss the effects of herbicides and pes-
ticides on wildlife.  Review the concept of
toxicity.  Present the issue of herbicide
spraying in Vietnam, and the resultant

health hazards attributed to Agent Orange.
Present the issue of 2-4D accumulating in
the bodies of fish and birds and the effects
on reproduction (softening of egg shells
in eagles).

2. Explain to students the following two
terms as important for understanding how
waste can be chemically harmful to wild-
life.

Bioaccumulation - the accumulation inside
a living creature of a chemical that cannot
be metabolized or excreted before more
of it enters the organism. The substance is
then stored in some body part, often fatty
tissue or bones.

185     Concentrated Chemicals
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Bioconcentration - is the passage of
bioaccumulation up a food chain, result-
ing in greater and greater concentration
of contaminants in animals.

Tell students they will now engage in an activ-
ity that demonstrates the process of
bioconcentration.

3. Divide the class into two groups of fifteen
students. (If you do not have enough stu-
dents for two groups, you will still need
one group of fifteen students while the
others observe.)  Arrange students in pyra-
mid fashion. Give eight of them a five-
ounce cup each, give four of them an eight-
ounce cup each, give two of them a fifteen-
ounce cup and give one a one-quart con-
tainer. You will also need eight brown
beans and eight white beans for each of
the two groups.

4. Tell students they will use cups and beans
to show how a harmful chemical can con-
centrate in a food chain.

a. 8 five-ounce cups - represent aquatic
plants such
as algae.

b. 4 eight-ounce cups
- represent aquatic insects.

c. 2 fifteen-ounce cups
- represent fish.

d. 1 quart container
- represents an eagle.

e. 8 brown beans - represent useful
food value in tissue.

f. 8 white beans - represent a chemical
that bioconcentrates in plant and ani-
mal tissues.

Give each of the eight students in the group
that represents a plant (ones with the five ounce
cups), one white bean and one brown bean.

5. Explain to students that in this food chain
each insect eats two aquatic plants, each

fish eats two insects, and the eagle eats two
fish. The brown beans and cups are di-
gested and used by each member in the
food chain, but the white beans
bioconcentrate. Before beginning, have
students infer what type of pollution the
white beans might represent (herbicides
used on forest lands near water, leaking
toxic waste from open dumps near the
water, or leaking toxic wastes from stor-
age drums). Proceed with the activity in
the following steps:

a. Each aquatic insect receives four beans
from two aquatic plants  (a white and
a brown bean from each plant).

b. Have each aquatic insect take out one
of the brown beans. Ask why? (repre-
sents food burned up as energy by the
insect). Why does one brown bean
remain? (represents food stored which
helps the insect grow).

c. Each fish receives six beans from two
aquatic insects (one brown bean and
two white beans from each insect).

d. Have each fish take away one of the
brown beans. Ask students what this
represents as discussed in “b.”  The
eagle  receives ten beans from the two
fish (one brown bean and four white
beans from each fish).

e.  Have the eagle take away one of the
brown beans and tell what this repre-
sents. Why is one brown bean left? Ask
the eagle how many white beans are
in his or her cup.  What does this rep-
resent? (Bioaccumulation of a harm-
ful chemical.) Ask students what the
steps in the exercise represented?
(bioconcentration) Which beans
bioconcentrated? (the white ones).
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c. Should people be allowed to spray
herbicides on land that is not theirs,
even though they own the trees?

d. Without being sprayed directly, how
do Indian people get herbicides into
their system?

6. Ask students if bioaccumulation and
bioconcentration in the food chain can
affect humans. Divide the class into three
groups. Assign reading one of the three
student handouts to each group. Discuss
the following:

a. Is there sufficient scientific data to
prove herbicide spraying causes
cancer in humans or animals?

b. What are some reasonable ways to re-
place the use of herbicides?

Adapted from Super Saver Investigators, Ohio
Department of Natural Resources, 1988.
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THE LARGEST DAILY CIRCULATION IN NORTHERN CALIFORNIA

TUESDAY, JULY 7, 1992

San Francisco Chronicle

KLAMATH RIVER RESERVATION

Eureka
Flowing through the rug-

ged heart of Yurok country,
Northern California's Klamath
River has provided one of the
state's largest Indian tribes with
spiritual and physical suste-
nance for centuries.

Now, however, increasing
numbers of Yurok are beginning
to fear the worst: that after more
than a decade of springtime her-
bicide spraying in nearby for-
ests, the mighty Klamath and the
beautiful land it drains may be
killing tribal members.

Yurok leaders and environ-
mentalist say increasing num-
bers of people on the 3,000-
member reservation, near the
mouth of the Klamath River, are
developing cancers beyond av-
erage rates or are falling victim
to a broadening range of other
ailments, including mis-
carriages.

Many residents, citing
aerial spraying of such herbi-
cides as Garlon-4 and 2,4-D
onto reservation homes and a
local school, are laying the
blame for their fears squarely at
the feet of the timber industry.

"I say it amounts to geno-

cide," said Lawrence (Tiger)
O'Rourke, a Yurok building
contractor.

"You can count up five or
six stomach cancer patients
within two miles of here, and
this is a remote area without a
large population," said
O'Rourke during an interview at
his mother's house, far above
the swirling river.

Industry officials say there
is no link between such ailments
and spraying operations, which
they insist are closely monitored
by the firms involved and pose
little or no threat to the environ-
ment or to human health.

"We're not aware of any
documented problems," said
Ryan Hamilton, spokesman for
Simpson Timber Co., the largest

lumber firm in the area. "The
only reason we spray is because
it is part of the forest manage-
ment program, and usually we
spray only once over a number
of year.

No Real Data
Health officials from both

the local intertribal clinic and
the state's Cancer Surveillance
Section say they lack the data to
link herbicides with any pos-
sible increase of cancers in the
area. At the same time, they say
they do not have the informa-
tion to rule out such a relation-
ship.

"I'd like to take a look at it,"
said dr. Eva Glazer, a state
Health Services Department sur-
veillance official. "But we really
don't have all of the information
that we need statistically. Moni-
toring only began in that region
in 1988. When you are dealing
with a small population, you
need a long time period to as-
sess the impact."

Dolores Hilton, a grand-
mother and a veteran teacher's
aide living with her family near
the mouth of the river at the

Yuroks Fear Cancer from Spraying
By George Snyder
Chronicle Staff Writer

‘Ducks have been
born with 3 legs; one
was born with the
feathers inside out’
—DOLORES HILTON,
        MEMBER OF YUROK TRIBE
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town of Klamath, is one of those
being studied. She said she suf-
fered two major seizures after a
helicopter spraying Garlon-4 on
the lower stretches of the river
made repeated passes one after-
noon near her home on the
Yurok reservation in 1985.

At first, Hilton and her hus-
band, Hank, a self-employed
mechanic, watched the spraying
with interest. Later, she fell to
the floor, paralyzed.

"I thought at first I had a
stroke," Hilton said. "And if that
was so, I didn't want to live. I
threw up and threw up on the
floor, and I knew it had some-
thing to do with the smell."

Seizures and Medication

Seeking medical help the
next day, Hilton found that she
had suffered two major seizures
and was put on medication,
which she still takes. A 16-year
veteran at nearby Margaret
Keating Elementary School,
Hilton works only half-days now
because she gets tired and loses
concentration.

The Hiltons have settled
with Miller-Rellim Redwood, the
timber company that sprayed
their area—even though the
company said the herbicides are
not harmful. They got an injunc-
tion against local spraying in
1988, but the practice has since
resumed.

"I still have problems with
my eyes burning." Hilton said,
adding that her doctors believe
that toxins in the spray have af-
fected her nervous system. "It's
been a nightmare."

In recent weeks, Yurok ac-
tivists and non-Indian environ-
mentalists, including members
of Californians Against Toxics—

have held demonstrations
against herbicide spraying,
which is done by timber grow-
ers to control broad-leafed
plants competing with the
slower-growing conifers for sun-
light and nutrients.

"This year the opposition to
spraying, particularly among the
Indian community, is more or-
ganized and greater than it has
ever been," said CAT founder
Patty Clary, whose organization
has monitored and opposed
herbicide use for about 12 years.

Pesticides by Hand

Clary is among those call-
ing for the use of nontoxic but
labor-intensive "hand-release"
techniques already in place for
several years on forestry lands
on the nearby Hoopa Reserva-
tion. "We believe that manual
work will eliminate the health
hazards as well as provide
needed employment in an area
of high unemployment," she said.

Although Simpson Timber
did agree to hand-spray some
200 acres of timberland this
spring as the result of Yurok
concerns, industry representa-
tives say such techniques are
generally too costly and difficult
in such steep country. They say
their normal spraying opera-
tions have been tested and
found to be safe.

"To get licensed by the FDA
is a very rigorous process, and
the use of these herbicides is
strictly controlled," Hamilton
said. "They have been used for
20 years up here and it is easy
to bring up allegations. . . but
they are commonly used chemi-
cals found in any store and can
be used without a permit for
home use."

Hamilton said Simpson
Timber, which owns about
380,000 acres of timberland in
Humboldt and Del Norte coun-
ties, has sprayed less than 1 per-
cent of its holdings this year,
about 3,500  acres.

Critics, however, say much
of that has been on the Yurok
reservation.

Timber Firm Owns
Reservation

Because the federal govern-
ment officially recognized the
tribe only last year, Simpson
owns 84 percent of the Yurok
reservation. That acreage—
coupled with other  holdings,
both Indian and non-Indian—
leaves only about 3,500 acres
under the direct control of the
recently formed Yurok Interim
Tribal Council.

"In general, the tribe has
taken the position in opposition
to the use of herbicides," said
Yurok Interim Tribal Council ex-
ecutive director Zuretti Goosby
Jr. "It's a unique situation with
the Yuroks in that we have a res-
ervation boundary but are only
in control of less than 15 per-
cent of the total."

Tribal members say the
spraying threatens long-stand-
ing cultural traditions. One
prime example is the gathering
of hazel and willow and other
plant fibers for the weaving of
their world-famous baskets, a
traditional art regaining popu-
larity among young people.

"We pass the plants we use
for basket-making through our
mouths," said Susan Burdick, a
well-known Yurok weaver and
a member of the Northern Cali-
fornia Basketweavers and
Gatherer's Association. "We get
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some of our basket material, like
hazel sticks, in the spring—bud
break—which is the same time
they spray."

Tumors in Deer, Salmon

Although many Yurok work
in the timber industry and other
occupations, a number of fami-
lies still depend on hunting and
gathering to live. But the tribe's
hunters and fishermen say they
are finding tumors and discol-
ored flesh in deer and salmon,
which have fallen to all-time

lows on the Klamath despite
repopulation efforts.

Hilton knows this well. In
addition to her own problems,
she said, the family ducks and
chickens also have fallen victim
to Garlon-4.

"Ducks have been born
with three legs. One was born
with the feathers inside out," she
said. "And in this subdivision of
about 60 to 65 homes, enor-
mous numbers of people are dy-
ing of cancer."

Hilton's daughter, Sally, was
15 at the time of the spraying.
Since then, according to her

mother, she has suffered "night-
marish" childbearing problems,
intense chest pains and some
effects of Bell's palsy, a disorder
normally striking the elderly
that paralyzed half her face just
days after her exposure to the
spraying.

"My husband, Hank, is a
former logger, and he used to
say only hippies and pot grow-
ers were against the spraying,"
Hilton said. "He's changed his
mind. Now he says it will never
happen again. The last time he
heard the helicopters, he went
and grabbed his gun."



   Concentrated Chemicals     191

GREEN
TIDE

POISONING HUNTER CREEK
BY E. G. VALLIANATOS

I FELL IN LOVE with America’s
rain forest insummer 1988
when teaching at Humboldt
State University on the edge of
the cold blue waters of the Pa-
cific Ocean and in the shadow
of the ancient forest of
Humboldt County in northern
California, about 275 miles
north of San Francisco.

Walking among North
America’s giant redwood trees,
enjoying the silence and beauty
of original creation, is to me not
much different than the sense
of satisfaction I get whenever I
visit the Parthenon in Athens.
The Parthenon is like a time
machine tht brings me face to
face with my ancient culture.
The thrill of that voyage is ines-
timable and the benefits perma-
nent.

In the same way, the rain
forest of Humboldt County is
America’s Parthenon. Eons of
natural evulition created those
living and irreplaceable trees
and the delicate yet resilent eco-
systems of mountains and rivers
of northern California. I slept on
the Marble Mountain, I relezed
by the blue water of the Salmon
River, I spent hours hiking
throughout the rain forest of my
new home, and I explored the
wilderness of the Trinity, Kla-
math, and Mad Rivers. However,
just as barbarians looted Athens
of its treaures, so have busi-
nesses clearcut much of the an-
cient forests of the Pacirfic
Northwest, including the prized
redwoods of Humboldt County.

The logging of North
America’s heaven is closing in
on both the environment and
the surviving Indians and white
people of the entire area. The
forest looks hideous from the
scars of the violence of
clearcutting. Creeks that used to
be alive with salmon, steelhead,
and crystal clear mountain wa-
ter are now cemeteries of silt
and debris. The toxic sprays o
the U.S. Forest Service and the
timber companies complete the
circle of devastation in that ru-
ined land and those impover-
ished cancer-stricken communi-
ties.

One such community is
Hunter Creek, a small green val-
ley surrounded by steep hills
owned by the timber compa-
nies. Hunter Creek is part of
Klamath, a town named after the
might Klamath River. Hunter
Creek, however, is an oasis for
neither salmon nor people.
Clearcutting of the giant red-
wood trees up to its edge has
buried the fish with gravel. And
now, another enemy may do the
same to the stubborn humans
who dare settle within a few
hundred yards of the sprayed
and clearcut forest.

Dolores Hilton, a 49-year-
old Yurok Indian woman, is one
of those stubborn residents of
Hunter Creek. On April 22,
1985, Dolores was sprayed with
the herbicide Garlon and she
came pretty close to death. I
talked to her on October 15,
1988, and she told me this:

“I know how dangerous
the chemical is. I know my
daughter has had nothing but
medical problems since it hap-
pened. I know it’s killed chick-
ens. I know it’s killed birds. I
know it’s killed fish. I know it’s
dangerous. I know it almost
killed me. And I’m not going to
stop fighting. I talked to the la-
dies in the community with all
the lumps in their breasts. All of
the problems with their female
organs... When I was in the
clinic in San Diego the number-
one thing that held us all to-
gether was the fact that all
women down there had prob-
lems with their female organs
and we’d all been subjected to
a chemical of one type or an-
other, whether it be Garlon, or
DDT. And every one of us has
problems with our female or-
gans.

“And another problem we
all had was with our minds. The
one time we were all diagnosed
as having mental problems. My
doctir said that I should go to a
psychiatrist and take an anti-
depressant pill. I told him I
know I’m depressed and I know
why I’m depressed...

“My liver’s damaged. My
immune system’s damanged...

“Right after this happened
we had two deer come out in
the creek, kind of standing
there, because our buy who was
up from Los Angeles, he cane
running in hollering, because
he thought it was terrific there
was these deer out there. Right,
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you know, right up. So my hus-
band went out there and they’re
kind of just standing there
bumping around because they
can’t see. And there is the fish. I
can get expert testimony on the
fish with nodules on their skin.
The liver. People who get the
deer are afraid to eat the deer
that they shoot because the liv-
ers are all green and it’s gotten
horrible. It’s really gotten hor-
rible. I don’t each fish from
here. I don’t eat deer from here.
I wouldn’t even consider eating
this wildlife...

“And I’ve had two people
talk to me about babies. One
baby was born, lived a year, and
died of cancer. And because
they’re Indians it doesn’t count.
See. They’re Indians and you
use that in quotations. If they’re
Indians what happens to them
isn’t of importance...When we
moved into this community, in
this subdivision, they tried to
move us out of here. The lady
across the street who died of
cancer, she said I’m not having
Indians living across from me.
She died of cancer... The lady at
the other end of thes treet was
a French lady. She died of can-
cer...

“And it’s not only just the
peopel—it’s the water, it’s the
air, its’s the fish, it’s everything.
You spray this stuff into the trees
and they tell me it disappears.
Well, how do you disappear?
What do you disappear into?
Nobody’s ever answered that
question. When you disappar,
where do you go? Where does
it go? What disappears? Oh,
great, tell me? Where does it dis-
appear to, though? Well, it
comes right down here and it
lands on the trees and that’s it?
Rains the next day. Where does
it go then? Simpson (Timber

Comapny) sprayed up here May
17. It rained the next day. What
happened to that stuff? They
sprayed here in the afternoon.
Seventy degrees. Wind blowing.
And taht stuff vaporizes. Sets up
there in a nice little cloud, gets
cold in the evening, comes
down and wanders around.
These things happen..

“[The spray] turned [my
husband’s] thoughts around.
Like I say, up until that time he
always told me only, I think he
said, pot growers, radials and
something else—they were the
only ones who were against the
spray because it killed the mari-
juana plants. And I didn’t pay
any attention to it because I’m
busy with other things in life. So
they sprayed things around.
Who cared? I didn’t care. It
didn’t matter to me.

“And this happed to me and
then it changed him and he’ll
tell ou it changed me. Almost
killed me. I’ve health problems.
I can’t do what I used to do. My
mind doesn’t work right any
more. I still work at school but
I’m very, very careful. Numbers
are my biggest problem. I do
math with the kids and I have
to be so careful. And the kids
will correct me when I say num-
bers wrong. I’m lucky I work in
the school. I couldn’t work in
an office. I could not work
where numbers are so crucial to
business. You see what I mean?
I cannot do physical labor any
more. A very short time and I
just, I can’t do it. You’re gonna
find a lot of sinus problems in
this area, allergies, people who
come here who have never had
allergies before—they’ve got
them now. Because it attacks
your immune system. It breaks
down your immune systema nd
so you become susceptible. I ask

Dr. Gard, how much more can
my system take? He said I have
no idea. I will tell you to move.
Just leave. But I’m not leaving.
My husband and I came here
and what we’ve got here we
worked hard for. Very hard. I’m
not leaving. I refuse. And I know
it’s studip. Isn’t it stupid?
Doesn’t it sound stupid? I read
a book called A Bitter Fog [by
Carol Strum: Sierra Club
Books]. These people live in the
valley in Oregon. I read this
book and they stayed there and
and they died. Because you’re
just not going to give up. It’s
easy to run but where are you
going to run to? My doctor said
go live in the mountains of Ari-
zona or New Mexico. What am I
going to do in the mountains—
what would I do there?”

Dolores Hilton, a resident
of Klamath’s Hunter Creek since
1970, lost her case agains those
who sprayed her with Garlon.
Even her lawyer gave up. She
went into debt but never
waivered. Dolores Hilton was
also right that her neighbors at
Hunter Creek were upset that
the timber companies dominate
so much of their powerless so-
ciety.

FOUR OF MY STUDENTS in
the spring of 1989 studied the
social structure of Dolores
Hilton’s neighborhood in Kla-
math. The students found that
Klamath is still very much a tim-
ber town where the influence of
logging companies is written
not only into the mined land-
scape but practically into the
genes of human beings. Yet
these people were losing their
lives because of the legacy and
culture of clearcutting the for-
est. With no more sawmills in
their town, the people of
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Klamath suffer from crushing
poverty and colonialism. The
whites don’t like the Indians
and the Indians fear the whites.
And both communities hate
eachother over catching the de-
clining salmon and steelehead
in the Klamath River.

The people of Klamath live
in tiny homes on tiiny strips of
land right next to the forest or
clearcut property of the timber
companies. This mans that
whenever the loggers spray or
clearcut their lands, the people
of Klamath are in the path of the
drift from it.

My students surveyed the
small population of two hous-
ing tracts in Klamath, Hunter
Creek, and Redwood Park. They
found that since 1985, the year
of Dolores Hilton’s baptism in
herbicide spray, many women
suffered adverse gynbecological
or “female” problems. The stu-
dents also discovered that since
1985, in the approximate popu-
lation of 200 people of Hunter
Creek, 5 peoiple died of cancer
and 6 contracted cancer. Con-
sidering that in a “normal”
popuilation of 1,000 people in
the U.S., 3 persons will get can-
cer every year and one will die
from cancer every year, it might
be expected that in three and a
half years no more than two per-
sons would die of cancer in a
grop of 200 people. Thus what
is happening in Hunter Creek
is tragic. The citizens are getting
sick from cancer at a rate five
and a half times greater than the
national average and they are
dying from cancer seven and a
half times faster than other
people in the country.

The people of Klamath
and, quite possibly, most of the
forest people of the entire Pa-
cific Northwest, are paying quite
a price for being colonized. Cor-
porations, government agen-
cies, and powerful landowners
run the machinery of life in that
colonized society and natural
environment. For example, the
salmon rivers of northern Cali-
fornia were “developed” with
federal taxes so that the
agribusiness people of southern
California could grow rice, cot-
ton, alfalfa, and grass and hay
in the desert. Irrigating pastures
for cows and sheep alone uses
as much water every year as all
the people of the state—27 mil-
lion of them. Thus, the Trinity
River has been made into ahigh-
tech aqueduct rushing huge
quantities of precious water to
farmers hundreds of miles from
the rain forest and mountains of
northern California.

The economy and society
of the Pacific Northwest are im-
poverished by the same colonial
system of resource extraction
which keeps the Third World
hungry and on the brink of re-
volt. Multinational timber cor-
porations are clearcutting the
forest of Malaysia, Brazil, Cali-
fornia, Oregon, and Washing-
ton. In Malaysia and Brazil the
rain forest people are defend-
ing their homes with their lives;
and in northern California the
Pohlik-Lay (down-river Yurok
Indian people) of the lower Kla-
math River are threatening open
rebellion should the U. S. For-
est Service dare complete a road
through their sacred ground,
the high country in Six Rivers

National Forest near the border
of California and Oregon.

We ought to side with the
Pohlik-Lah people and bring the
ecocidal and genocidal
clearcutting of their rain forest
to an end. With more than 90
percent unemployment among
the Poh-lik-Lah people, killing
their wild food with herbicides
may push them into starvation
and extinction. On April 6,
1989, they wrote a ltter to the
Simpson Timber Company and
local authorities pleading with
them not to spray their tradi-
tional forest because the poison-
ous sprays would destroy their
food and medicine in that
forest.

The citizens of California
approved Proposition 65, which
mandates that the chemical in-
dustry no longer dump in the
groundwater poisons known to
cause cancer and birth defects
in animals or humans.

The U. S. Forest Service and
timber companies never see
people like those in Klamath.
But they see the ancient trees
of the rian forest as “resources”
ripe for “harvesting.” Yet those
trees are not anybody’s to cut.
They are like mountains and riv-
ers and Parthenons. They be-
long to all of us and they are
treasures of nature no less pre-
cious than exquisite human cul-
tural products.

E. G. Vallianatos, an analyst with the
U. S. Environmental Protection
Agency, was in 1988-89 a visiting
professor of sociology at Humboldt
State, Arcata, CA. He is author of
Fear in the Countryside (Ballinger,
1976) and From Graikos to Hellene
(Academy of Athens Press, 19870.
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August 21, 1981

Mr. Zane Grey Smith
Regional Forester
United States Forest Service

Dear Sir:

My name is Mavis McCovey. I am a Native American of the Karuk Tribe and I have lived in Orleans all of my
life. I am a licensed Field Nurse's Aid which is a special license with emphasis on field work. At the time
that I started to keep a private record of the facts that follow, I was employed as a Community Health
Representative. I currently hold the same position. I swear to you that the following statement of facts is
absolutely true. I have not made up these statistics or twisted them around in any way in order to create
an impression one way or another. My husband and two of my sons work in the woods for a living, so I
have no biases against logging.

I first became concerned about herbicides in 1975 when I heard that the forest service had warned local
ranchers to move their cattle out of areas that were to be sprayed because the spray would be harmful to
the animals and make them unfit to eat. Some of the Karok gathering areas were in and around the spray
sites so we became concerned that if the herbicide would hurt cattle, what would it do to us if we did our
gathering there.

Another event that happened that year drew my attention even closer to the spraying issue. In October,
1975, the Whitney's Gulch area was sprayed, which is about one mile from the population center of
Orleans. Many families get their water from the creek that flows from the gulch. On the day the helicopter
was spraying, I could plainly see that the creek was being saturated with the spray. I immediately called
the forest service and told them that the creek was being sprayed. They told me that it was impossible
because the forest service doesn't spray in creeks. While talking on the phone, I was watching the heli-
copter do its work, and I swore to them once again that I could see it happening that very moment. Even
so, the man I was talking to dismissed my report completely and insisted that the forest service didn't
spray creeks. After that incident, at least 10 people who lived in on Whitney's Flat or were visiting there
on that day developed large water blister-like sores on their skin. The blisters were large and red with a
white protein core--symptomatic of an allergic reaction. By the time the doctor saw these patients, the
blisters had become infected and he was unable to determine exactly what had caused them. In addition,
my vineyard suffered from a mildew-like fungus for the first time in about 70 years and several of my
previously healthy prune and cherry trees died.

As bad as all of this was, I was totally unprepared for the events of the following three years. Over and
over again, healthy pregnant women would suffer from spontaneous abortions. Let me make it clear
right now that the women I am talking about were not pot smoking hippies or living unhealthy lives.
These women were normal and healthy and were usually between 20-35 years old. In the following
statistics, I did not include the following groups of women:

1. Women under 18 years unless they had had a previously successful pregnancy.

2. Women who had experienced previous problem pregnancies.

3. Women over 35 years of age.
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Except for the group of women mentioned above, 24 women became pregnant in 1976. Out of these 24,
one gave birth to a deformed baby, nine spontaneously aborted after the third month, and three suffered
mole pregnancies (a spontaneous abortion of a globular mass, genetically unidentifiable and unrelated to
know living organisms—an extremely rare occurrence. One in 10,000-100,000 pregnancies).

Over the following two years, 22 women became pregnant. In 1977, two more women suffered mole
pregnancies, and in 1978 one other woman suffered a mole pregnancy. After 1977, the aerial spraying of
phenoxy herbicides was stopped in our area. There have been no birth defects, spontaneous abortions,
mole pregnancies or other major birthing difficulties among our people since that time. Also in 1976,
there was a much higher incidence of headaches, skin rashes and other vague disorders but because of the
many possible causes of these problems, it is impossible to determine why these symptoms occurred.

Another situation that has occurred among our people but is not as tragic as the loss of a baby, is the fact
of females born to us. Over a period of about 15 years and during the  time of heavy spraying (late 1950s-
early 1970s) our women gave birth to far more male children than females. This trend peaked in the mid
1960s when about 90 percent of the children born were male. Again, since the aerial spraying stopped, the
birth rate of females returned to a normal average.

It is impossible for me to believe that such a high incidence of spontaneous abortions, mole pregnancies
and births of one sex is a normal phenomenon. It is also impossible for me to believe that these problems
are unrelated to the use of phenoxy herbicides, especially when you consider that the exact same types of
problems have occurred in other states and in foreign countries in areas where these chemicals have been
used. In fact, I have come to learn that all of the difficulties that I have described are classic examples of
herbicide poisoning. The survey done in 1978 by the health department that claimed that our pregnancy
problems were consistent with the state-wide average was a joke. My co-worker and myself were the only
two people who knew the names and residences of the women in question and both of us had been sent
to a training session in South Dakota at the time the doctors came out to Orleans. I learned later that these
doctors spent less than three hours in Orleans after arriving unannounced. Three hours isn't enough time
to scratch the surface of these problems let alone come to any conclusions.

Year after year, the Orleans Karuk Council has come out against the herbicide spraying and year after year
we have been ignored. I guess it is easy for such a large organization to ignore such a small group of
people. But it is not as easy for us to ignore the forest service when its actions cause such terrible damage
to us. There are only 800 of us left. When we lose one baby, it is the same proportion as if you lost 275,000
babies. The herbicide spraying is clearly threatening our very survival as a people. Our culture group is
already endangered enough as it is.

It would be the final irony that the tan oak trees whose nuts have nourished our people for many centuries
would also be the cause of our extinction simply because it grows faster than fir trees. But the ultimate
cause of our end would be the same as it has been so many hundreds of times before: the impatience, the
ignorance, and the greed of the white man. I urge you to learn from your past mistake before it is too late
for us. I urge you to end the use of phenoxy herbicides for now and forever.

Sincerely yours,

Mavis McCovey
PO Box 179
Orleans, CA  95556
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L E S S O N

Sovereign Solutions

Major Concept

People must be able to work together to find
the best possible solutions to environmental
problems.

Objectives

As a result of completing this activity stu-
dents will:

1. demonstrate an understanding of what is
involved in the generation of hazardous
waste; and

2. show an awareness of the problems in-
volved with disposal of hazardous waste.

Grades:
Intermediate - Secondary.

Subject:
Social Studies.

Time:
Three class periods.

Materials:
Your Mind.

Background

Students simulate a meeting of a tribal council to discuss the construction of a hazardous waste
disposal site on or near tribal land.

36
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Land Disposal of Hazardous Waste

The Environmental Protection Agency (EPA)
and the California Department at Health Ser-
vices publish regulations which restrict the dis-
posal of hazardous waste. In 1993, approxi-
mately 2.7 million tons of hazardous waste
were disposed of in landfills, surface impound-
ments (similar to swimming pools), land treat-
ment units, and waste piles, without prior treat-
ment. Another 24 million tons of hazardous
waste are injected into deep wells. Over 1200
abandoned hazardous waste sites have been
identified around the country and thousands
more may be threatening underground water
supplies. Many abandoned or closed dump
sites are not monitored for potential health and
environmental hazards.  Land disposal of haz-
ardous waste is presently restricted to areas
which have specific characteristics. These in-
clude locations which are an adequate dis-
tance above the water table, away from sur-
face water, and have specific soil conditions
(i.e., impermeable clay layers).

Alternative Methods to Land Disposal

Technology for alternative disposal of many
hazardous substances does exist. The costs,
however, are much higher than the cost of land
dumping. Using physical, chemical, thermal,
and biological processes, scientists and engi-
neers often can extract and recycle useful
materials from hazardous waste. Some re-
maining waste can be detoxified or neutral-
ized through a chemical process before stor-
ing and/or disposing. Some wastes can be
burned in special high temperature incinera-
tors equipped with proper pollution control and
monitoring systems.  Regulatory agencies re-
quire that most toxic wastes be destroyed,
detoxified, or immobilized through some type
of treatment.
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many tons of hazardous waste was dis-
posed in landfills,  surface impoundments,
land treatment units, injection wells, and
waste piles without prior treatment. In Cali-
fornia, there are over 300 sites on the State
Superfund list to be cleaned up, due to
hazardous waste activity. The 300 do not
include all of the sites that exist. Over 5,000
sites are on a waiting list; these are sites
that have some indication of hazardous
waste activity. Land disposal is currently
restricted to areas which have specific
characteristics. These include locations
which are an adequate distance from sur-
face water, above the water table, and
have specific soil conditions.

4. Ask: What are some alternatives to land-
fills? (source reduction; extraction and re-
cycling of useful materials from hazardous
waste; incineration; solidifying and lot sta-
bilizing; treatment of remaining wastes to
reduce volume and toxicity).

Discussion Facts

1. Fact: Our lifestyles are more convenient
due to chemicals. There are over 65,000
chemicals in general use today, with about
1,000 more being generated each year.

2. Ask: What kind of businesses and indus-
tries generate hazardous  wastes?
(chemical  manufacturers, auto repair
shops, printing shops, paper industry, con-
struction, agriculture, computer industries,
schools, mines, etc.).

What does hazardous mean? (harm to human
health or the environment; something that is
corrosive, ignitable, toxic, or reactive; etc.).
Once a hazardous waste is generated, what
do we do with it?

3. Fact: The majority of both on-site and off-
site disposal of hazardous wastes is de-
posited untreated.  However, California’s
regulatory program is designed to phase
out land disposal of untreated hazardous
wastes.  In the fiscal year 1987-1988,
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This simulation is designed to involve students
in a decision making process concerning the
placement of a hazardous waste landfill. It will
help them recognize the complexity of indi-
vidual, community, and tribal rights regarding
hazardous waste disposal.

Use the handouts and current newspaper or
magazine articles to stimulate discussion.

1. Explain that the students will participate in
a  simulation of a tribal council  meeting
which will be held to resolve a problem in-
volving fictitious Kaw County.

2. Distribute the handouts Students will use
these to prepare for discussion.

3. Distribute the role cards and split the class
into nine groups:

(a) Tribal Council

(b) President of EcoTech Incorporated

(c) Manager of the Countywide Sanitary
Landfill Company.

(d) People of the Jolin District

(e) People of the Iona District

(f) Business people of the Kaw Valley
Shopping Mall

(g) County planners

(h) Indian natural resource planners

(i) Non-Native people off the reservation
but near the sites

4. Appoint a Council Chairperson who

will be able to preside  over the meeting.

5. Participants read their cards, discuss their
options, and come up with position
statements.

6.  Convene the tribal council meeting. The
chairperson should restate the alternatives
listed on the problem sheet.

7. Each group has three minutes for present-
ing their viewpoint.

8. After all statements have been heard, allow
time for questions and rebuttals.

9. Have the tribal council recess for fifteen
minutes to make its recommendation.

10. Reconvene the meeting and have the
chairperson announce the recommenda-
tion of the council.

11. Conclude with a class discussion on the
outcome.

Procedure
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Iona District

P
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Summary

Discuss the following with students.

1. What difficulties did you encounter in pre-
paring your position?

2. What factors did the tribal council consider
when making its decision? What other fac-
tors do class members think the Council
should have considered? What factors
should be considered in determining the
welfare of the Tribe as a whole?

a. What affect did the special interest
groups and their statements have on
the board?

b. Are there county residents whose
needs were not represented? Were
their interests identified and consid-
ered in any way?  What makes the
opinions of a county resident impor-
tant.

c. Should the personal interests of the
Council members be considered in the
decision? Why or why not?

d. Were there any compromises made to
enable the Council to make its decision?
If so, what compromises?  Did the com-
promises deal directly with the landfill
and its location? Were compensations
provided for citizens living near the land-
fill? If so, why? If not, why not?

3. Did anyone or any group look beyond their
own special interests and consider the wel-
fare of the county as a whole?

4. Did anyone’s point of view change as a
result of the hearing? Why?

Adapted from, The No Waste Anthology, Califor-
nia Department of Toxic Substances Control, 1991.

There are

no problems

we cannot solve

together, and

very few that we

can solve by

ourse lves .
— Lyndon Baines Johnson
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JUSTICE DEPARTMENT SUES
WASTE PRODUCERS
The Justice Department has asked the U.S.
District Court in Baton Rouge, Louisiana to
keep twelve oil and chemical companies from
disposing any waste, hazardous or otherwise,
at two sites near Baton Rouge where carcino-
gens and poisons are leaking into the envi-
ronment. One of the sites is a large vertical
hole drilled into a bluff. It was closed several
years ago after it had been filled with waste,
and covered with plastic and a layer of earth.
Since then, the plastic has disintegrated and
the earth has washed away.  The Justice De-
partment has asked the court to order the de-
fendants to repair the plastic sheeting and in-
stall fences around the areas after doing tests
and sampling.

TITAN SILOS FOR SOLID WASTE?
The southern Idaho desert is the final resting
place for thousands of tons of toxic chemi-
cals. The 80-acre facility, which formerly
housed Titan One nuclear missiles, offers the
extreme in safe disposal: “encapsulation” in
underground silos designed to withstand
forces as severe as earthquakes and bomb-
ing attacks. The Air Force abandoned the sites
in 1965 when the Titan became obsolete, and
a disposal company later bought it. The presi-
dent of the company says, “We are 3,300 feet
above the water table, and there is nothing
but impermeable clay between the site and
the water table. It is locked up forever and
cannot get out.” A senior specialist with the
Idaho Department of Health and Welfare says
the company has a pretty clean operation that
meets all state standards. The company ex-
pects to buy other similar sites for disposal of
more waste materials.

NASA STUDIES WASTE DISPOSAL
IN OUTER SPACE
NASA has awarded a $296,000 contract
aimed at learning if potentially dangerous
nuclear waste can be fired into orbit around
the sun, into another solar system, or else-
where in the universe. The company receiv-
ing the contract is to evaluate how best to
launch nuclear trash, where in space to put
it, how to bring the payload back if there is
an aborted liftoff. The program is a joint ef-
fort by the National Aeronautics and Space
Administration and the Department of En-
ergy.

PROCESSED WASTE
“SAFE ENOUGH TO EAT”
In Hooksett, New Hampshire, the proposed
$10 million hazardous waste processing
plant will convert acids, alkalis, and heavy
metal sludge into rock- like substance that
can be used as base for highway construc-
tion or as an erosion control material.  “It will
yield by-products safe enough toast,” says
the president of the firm that wants to build
the processing plant.

COMPANIES DETOXIFY WASTE
Companies worried about leaking chemical
drums or landfills like the Love Canal are try-
ing to remove poisons from their waste by
chemically converting compounds back into
their harmless components. A researcher
working to develop detoxification methods
says, “If you have to store toxic waste, you’re
just postponing a solution.” An officer in an-
other research company says, “Almost total
reliance has been placed on landfills. But
burial is just long-term storage. While their
hazardous waste can be limited, these pro-
cesses are expected to increase in popular-
ity because trucking of chemicals to special
dumps is becoming more and more expen-
sive.”

Hazardous Waste News Clippings

Teachers: You are encouraged to
provide updated news articles.
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Problem Sheet

Kaw County

this special landfill is built, the Sage Tribe
will be able to accept other chemicals for
storage, giving the tribe an annual income
of $2,000,000 to $3,000,000.  This could
provide per capita payments in excess of
$1,000. An alternative is sending drums
of the toxic waste to an operating EPA-
approved site 800 miles away.  This would
cost the county $1.4 million. Three pos-
sible sites on the reservation have been
suggested by the Kaw County Supervi-
sors:

• 30-acre plot in the District
• 30-acre plot in the Iona District;
• 30-acre plot near the Kaw Valley

Shopping Mall.

These sites have been specially selected
because the nearest stream to all three
sites is at least 500 feet away, and the
water table is at least 50 feet below each
suggested landfill site.  Even though the
county will follow EPA regulations in build-
ing and monitoring the landfill, the resi-
dents in these areas have expressed con-
cern.

The tribal council must consider the is-
sue. Council members are elected, and
three of them represent and live in the
districts which are being considered as
sites.  A hearing is being held to discuss
the problem.  The citizens at the three
proposed landfill sites have asked for time
at the council meeting to state their
objections.

Kaw County has a problem. Chemicals
from a leaking landfill must be moved to
a secure landfill.  Some residents in Kaw
County now receive their water from
trucks because their wells have been
contaminated by toxic chemicals leach-
ing from the  landfill.

Sage tribal lands are within Kaw County.
The size of the reservation is 50,000
acres.  The tribal membership is 2,500.
The Sage tribal council has been ap-
proached by staff from Kaw County Su-
pervisors with the proposition of locat-
ing a toxic waste disposal site on tribal
land.  The tribal council is considering
building a special clay-lined landfill for the
chemicals which must be moved from the
present disposal site. The clay lining will
keep hazardous chemicals from seeping
into the ground water. Special wells, from
which water will be drawn and monitored
for contamination, will be built around the
landfill. If chemicals are leaching from the
landfill, they will show up in the surround-
ing wells. The water could then be detoxi-
fied before it would affect the drinking
water supply. When the landfill is full, it
will be capped with clay to seal it.

The money required to build the landfill
and operate it safely will come from
county taxes. It will cost $2.3 million to
build the landfill.   Any additional funds
for construction of the new landfill would
be raised through a bond referendum. If
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Tribal Council members

The decision rests with you: Should the
chemical landfill be located on tribal land? It
is up to you to recognize your own special
interests and the interests at each group
making statements before the council.  De-
cide which three council members live in and
represent each of the three areas where the
landfill could be located. Then, consider these
questions:

1. What are the advantages and disadvan-
tages of each location for the landfill?
What, if any, other options could you
consider?

 2. How will you take into consideration the
feelings at the local citizens in making
your decision?

3. What criteria are you going to use to ana-
lyze the statements made by the citizens?
Make a list of these.

4. What factors besides the local citizen re-
action will you be considering as you work
toward a decision?

5. Is there room for compromise in reaching
a decision? If so, do you think citizens will
be willing to make compromises? In what
way? What compromises can you offer
them?

You can ask questions of each group after it
has presented its point of view. When all
groups have completed their presentations,
consider alternatives open to you for the dis-
posal of hazardous waste.  You may consider
other solutions as well. The solution the coun-
cil chooses must be acceptable to the major-
ity of the council members.

President of
EcoTech Incorporated

You manage an EPA-licensed landfill corpo-
ration for hazardous waste disposal. You
have a licensed chemical landfill located 800
miles from Kaw County. The bottom of your
landfill contains several feet of clay and has
a  plastic liner on top of it to further assure a
non-leaking site.  The county would spend
$1.4 million to send the waste from their
dump to your landfill, but they would not have
to build their own. You must convince the
Council that it is better for the county to send
the hazardous waste to your landfill. You may
include any information you have learned in
previous lessons or from news articles.  In
your statement, these points:

1. Why is it not safe to build this landfill.

2. How you mange your landfill.

3. The advantages for the sage people
not to have a land fill on or near their
reservation (consider leachate,
ground water contamination, meth-
ane, etc.).

4. Your company is internationally re-
nown to handle clean-up of similar
sites like the one existing in Kaw
County.
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County Planners

You think the landfill should be located
on the reservation because it is in the
county and overall cheaper to build the
site there than ship it elsewhere.  Also,
you do not want the landfill elsewhere in
the county due to politics.  Remind the
Council the reservation will receive be-
tween $2 million and $3 million annually
from companies bringing their chemical
waste to the landfill.  This money can be
used to increase services on the reser-

vation or used as per capita payments to
tribal members.  Parks and a new swim-
ming pool can be built, and county roads
can be improved. You must prepare a
statement to the tribal council which will
persuade them to locate the landfill on the
reservation.  More than anything else, you
do not want it built in the area where you
live.

Manager of Countywide
Sanitary Landfill Company

You will get the contract to build the land-
fill in Kaw County.  You need the $2.3
million contract. Your business has been
in a slump lately. You must convince the
tribal council to build the landfill on their
reservation in order to avoid state and
county construction and safety laws.
Building on the reservation will save your
company 800,000.  Prepare a statement
for the council. You may use any infor-
mation you have learned in previous les-
sons or from news articles.  Address the
following:

1. Why is it safe to build this landfill.

2. The advantages of having the landfill
located on the reservation.

3. Why you should be given the contract.

4. You meet all equal opportunity laws.

5. You will employ at least 20 tribal mem-
bers at your operation.
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People of Iona District

You do not want the landfill in you area!
You are afraid the chemicals will get into
the air and water and cause health prob-
lems. Your district is only 100 yards from
one of the proposed landfill sites. You
must prepare a statement for the tribal
council to persuade them to reject the
proposal outright. You do not want the
disposal to be near Iona nor on any tribal
land.  You will not compromise your po-
sition.  Try to address these concerns in
you statement:

People of Jolin District

You do not want the landfill in your area!
You are afraid the chemicals will evapo-
rate into the air or seep into the ground
water. Your water supply comes from the
wells which you are afraid will be con-
taminated. Your district is within 300
yards from one of the sites suggested
by the county. There are many young
children in your district and they play on
and near this site. You must prepare a
statement to the council to persuade
them to locate the landfill elsewhere.
News articles and the discussion your
class had about alternate methods of dis-
posal may help you. Try to address these
points in your statement:

1. The health hazards the landfill could
pose to you and your family.

2.  Where you feel the landfill should
be constructed?

3. Other disposal methods you do
recommend?

4. Is there something the tribal council
could do which would minimize your
objections to having the landfill close
to your area? If there is, propose it to
the Council during the hearing.

1. The health hazards the landfill will
pose to Indian people.

2. Disposal of toxic wastes on Native
lands is viewed as cultural genocide
and environmental racism.  Non-Indi-
ans caused the problems and should
deal with them without oppressing
indian people any further.

3. The Non-Indian establishment should
pay for past atrocities and leave the
people with self-determination.
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Business People of the
Kaw Valley Mall

You do not want the landfill in you area! You
are afraid it will contaminate the water sup-
ply for the mall and hurt your business.  You
fear people might not shop at a mall near a
chemical landfill, and you might have trouble
keeping employees if they are afraid to work
near a hazardous waste site. You are also
afraid that the chemicals could cause health
problems for you, since you spend six days
a week at the mall. The landfill would be lo-
cated at a site 200 yards from the mall. You
must prepare a statement for the tribal council
to persuade them to locate the landfill some-

Indian Natural
Resources Planner

You work for the tribe in the capacity
of scientist.  Your area of research is
water quality and land management.
As a result of your studies you have
concluded that a hazardous waste
landfill of the design suggested by
Countywide Sanitary Landfill Company
is structurally and environmentally
sound.  You see no problem with plac-
ing the landfill on the reservation.  You
are not concerned with the cultural as-
pects of the issue, only the scientific
evidence.  Prepare a statement for the
tribal council.  Consider the following:

1. The design of the proposed landfill
is safe.

2. You are early in your career and anx-
ious to prove you are a capable sci-
entist and not influenced by cultural
concerns.

3.  The tribe can realize between $2 mil-
lion and $3 million annually through
disposal of hazardous waste from vari-
ous sources.  The tribe can choose
how to use the money.

where else. News articles and the discussion
your class had about alternate methods of dis-
posal may help you. Try to address these con-
cerns in your statement:

1. The health hazards the landfill might pose
to you and your customers.

2. Where else the landfill should be con-
structed.

3. What other disposal methods you
recommend.

Is there something the council members could
do which would minimize your objections to
having the landfill close to your area? If there
is, propose it to the Council during the hear-
ing; you are willing to compromise.
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Non-Native Resident

You are a non-native resident of Kaw
County residing off the reservation but
near Jolin District.  You fear that if the
Tribe does not accept the hazardous
waste landfill the county will select to
place it near your home off the reserva-
tion.  You want the tribe to construct the
landfill in the Iona District or have the
county select to ship the waste to the EPA
approved site 800 miles away.  Prepare
a statement to the tribal council.  Con-
sider the following:

1.  The tribe will collect approximately $5
million annually in fees if the site is on
the reservation.  The Indians can use
the money to do what ever they wish.

2. Sending the waste to the EPA ap-
proved site is too expensive for the
county.

3. The reservation is the only safe place
the for the waste.  It will be in a re-
mote part of the county.
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Silent Spring

L E S S O N

Grades:
Secondary.

Subject:
Social Studies, Language Arts.

Time:
Students should complete a journal entry for
each chapter.  Have periodic discussions
about the book through out the unit.

Materials:
Copies of Silent Spring, by Rachel Carson.

Major Concept

Protecting the environment has political and eco-
nomic implications.

Objective

As a result of completing this activity, students will
be able to report how Americans became aware of
environmental problems and speculate about the
impact on American Indian Country .

Background
In the early 1960s environmental issues were not
as talked about as they are today. The belief of the
time was that America’s superior technology would
solve all the world's  problems. Rachel Carson, sci-
entist and author, challenged that assumption in her
1962 book, Silent Spring. Her meticulous research
on effects of pesticide use opened America's eyes
Americans were introduced to ecology—the study
of the web of interrelationships to which all living
things belong.
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Adapted from, Teaching Toxics, Association of Vermont Recyclers, POB 1244, Montpelier, VT  05601, 1992.

3. Issues for the entire class:

a.)  What emotions did you feel while reading
the book?

b.) This book was published in 1962.  How
have things changed? How have they re-
mained the same?

c.)  What were the larger ecological principles
that were overlooked when DDT was used
as a pesticide?

d.) Why do you think Silent Spring was effec-
tive?

e.) What techniques did Rachel Carson  ...use
to appeal to a cross section of
...people?

4. Ask students to write a story that describes the
journey of a DDT molecule through the food
chain.

5. Have students explore the chemical
industry’s reaction to Rachel Carson’ s
Silent Spring. Research how DDT was
banned from use in the U.S. Where is it
still being used today? Is it still legal to
manufacture and export DDT from
the U.S.?

Procedure

1. Assign reading Silent Spring. Have students
keep a journal, and record their reactions, feel-
ings and questions at the end of each chapter.

2.  Divide the class into groups, and assign each
group a chapter to prepare for leading a class
discussion. You may want to model how to
lead a class discussion. For their discussion,
student groups should determine the major
points of the chapter, and discuss how the
information in the chapter relates to their lives.
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L E S S O N

Burn Piles
Grades:
Intermediate - Secondary.

Subject:
Mathematics, Science, Social Studies.

T ime:
One class period.

Materials:
One-gallon can with several ventilation
holes about one inch from bottom; a piece
of metal screen large enough to cover the
top of the can; 5 pieces of cardboard, six
inches square; masking tape; enough solid
waste to fill a box 6" x 6" x 6"; lunch scraps
such as orange or banana peels, egg shells,
small milk carton, napkins, etc.; matches;
ruler; student worksheet (one per student);
painter’s face mask.

Major Concept

Treat to reduce waste through burning.

Objectives

Background

This activity illustrates the volume and weight
reduction possible through burning waste. It
also illustrates that burning produces air emis-
sions, but does not simulate the operation of
a state-of-the-art incinerator.  While burn piles
allow pollutants to escape into the atmosphere,
today’s incinerators capture 99% of these
emissions. Therefore, weight and volume re-
ductions will be more dramatic in this experi-
ment than in an incinerator.

According to Andre Rouleau of the Agency of
Natural Resources, HDPE type plastic is made
only from natural gas and petroleum, burns

As a result of completing this lesson students
will be able to:

1. calculate the reduction in weight and vol-
ume of solid waste from burning;

2. understand that burning will reduce the
volume and weight of solid waste, but pro-
duces air emissions and ash which still
needs disposal; and

3. articulate the fact that many things that are
burned in open barrels give off toxics.
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completely and produces no toxic by-products.
DO NOT BURN any other types of plastics. It
is impossible to tell what types of resins and/
or additives are used in the hundreds of dif-
ferent plastic packaging, and many plastics
such as PVC, polypropylene, or polystyrene
produce toxins when burned.

Incineration is a common way to get rid of cer-
tain kinds of waste;  notably, medical.  Medi-

4. Light the materials on fire and immediately
cover the top of the can with the screen.
Observe what comes out of the can while
the materials are burning. Have students
record their observations in the appropri-
ate area on the worksheet for future dis-
cussion.

5. When burning is complete and ashes have
cooled, return the ashes to the cardboard
box. Spread them evenly on the bottom of
the box and measure the depth (height) of
the ash layer. Using the same formulas
above, calculate the volume of the ash.
Now, calculate the difference in the vol-
ume occupied by the waste before and af-
ter burning.

Adapted from, AVR Teacher’s Resource Guide, As-
sociation of Vermont Recyclers, POB 1244, Mont-
pelier, VT  05601,  1989.

PROCEDURE

Ask:  Why do we burn trash?  What kinds of
things have you burned in your own yard?
What problems arise from burning trash in burn
piles?

l. Distribute student worksheets and explain
that in this lesson they will be burning rep-
resentative waste items to observe the ef-
fects of incineration. Tape cardboard
pieces together to form a box with four
sides and a bottom. Fill the box with the
waste, and have students calculate the vol-
ume.

Volume of waste = length x width x height.
Volume of waste = 6 in. x 6 in. x 6 in. Volume
of waste = 216 cubic inches.

2. Transfer the waste from the cardboard box
to the gallon can.

3. Put on masks.

cal wastes are usually burned in state-of-the-
art incinerators.  However, even these advance
systems do not destroy all toxics.  People liv-
ing down wind of these incinerators may be
placed in jeopardy.  Because of this, incinera-
tors are placed in areas away from dense
population.  Indian lands are prime candidates
for the sitting of medical waste incinerators
because of their remote locations and the is-
sue of sovereignty.
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P I  L  E  S..........

Name _____________________________     Date__________________

Calculate the volume of the waste to be burned:

Volume = length x width x height.

Multiply:  ______________  x  __________________  x  ______________

Volume of the waste  =  _________________________

What is the weight of the waste?  __________________

What come out of the can while the waste is burning?

Calculate the volume of the ash:

Volume = length x width x height.

Multiply:  ______________  x  __________________  x  ______________

Volume of the ash    =  _________________________

What is the weight of the ash   ?  __________________

How much has incineration reduced the volume and weight of the waste?

Volume of waste  _________  minus volume of ash ____________  equals

____________  cubic inches  of  _____________   % of original waste reduced.

Weight of  waste  ___________  minus weight of ash  ___________  equals

___________  (weight measure) or % of the original waste reduced.
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L E S S O N

Analyzing Ash
Grades:
Secondary.

Subject:
Science.

Time:
One class period.

Materials:
Ruler, balance, 250 or 400 ml beaker, glass
stirring rod,  paper and matches, small paint
brush,  KSCN (0.1M) solution, FeCl3 (0.1M)
solution, HCl (0.002 M) solution.

Major Concept

Even though incinerating trash reduces its
volume some toxic substances remain.

Objectives

As a result of completing this activity stu-
dents will:

1. demonstrate an understanding of where
metals go in the process of waste incin-
eration;

2. be able to show how relationships of mass
and volume change as paper is burned;
and

3. express an understanding that plastics
pose a special problem when incinerated.

Background

In this demonstration, the total mass and vol-
ume of the paper will decrease because much
of the paper is converted to gases (CO2 and
H2O vapor), which are released into the atmo-
sphere.  Warning:  It is necessary for the safety
of the class to have a lab with a hood and fan
to preserve the quality of the air.
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Procedure

Tell students that this experiment will investi-
gate what happens to metals when they are
mixed with other materials and burned.

Have students work in pairs. Hand out Stu-
dent Lab Sheet to each pair.

Go over the laboratory procedure with the stu-
dents as given in the Student Lab Sheet in-
structions.

Have students do the experiment and
complete the Lab Sheet.

When all the students have finished, Inquire:
“Where did the iron metal go when the paper
was burned?”  (It’s in the ash.)  Discuss with
students the implications of the metal remain-
ing in the ash as detailed in the background
material in the Student Lab Sheet.

Background

Incinerating waste reduces input waste vol-
umes 70 to 75 percent depending on how
much source separation has been done and
the type of incineration (i.e., mass burn, sludge
only).  The resulting ash is of two types:  bot-
tom ash and fly ash. Bottom ash is relatively
inert and harmless. Toxic heavy metals in
waste concentrate in fly ash. Thus, fly ash dis-
posal becomes an environmental and public
health concern.

During high temperature incineration, metals
in garbage form particulates that may be
trapped by pollution control devises and end
up in fly ash residue.  Some heavy metals may
cause cancer if ingested in particulate form in
sufficient concentrations.  They may also leach
into water and poison aquatic organisms.
These metals are: arsenic, barium, cadmium,
chromium, lead, mercury, selenium, and silver.

Questions:

1. What happens to heavy metal ions in gar-
bage when the garbage in a waste-to-en-
ergy (incineration) plant?

2. How did the relationships of mass and vol-
ume change?

3. Discuss the advantages of incineration
in dealing with our solid waste disposal
problem.

4. Why is the disposal of incineration fly ash
an environmental and public health con-
cern?

5.  Can you explain why the mass changed?
What, if any, gases were given off?

6. What are some of the sources of heavy
metals in garbage?

Adapted from A-Way With Waste,  Washington
State Department of Ecology, 300 Desmond Drive,
SE, P.O. Box 47600, Olympia, WA 98504-7600.
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Preparing
the Solutions:

1. Ferric chloride (FeCl3)  -  0.1 M solution.

a. Weigh 2.7 grams of FeCl3.

b.  Dissolve the FeCl3 in 100 ml of distilled water.

2. Potassium thiocyanate (KSCN)  -  0.1 M solution.

a. Weigh 0.97 g of KSCN.

b. Dissolve this in 100 ml of distilled water.

c. WARNING!  Potassium thiocyanate is poisonous.
Students should wash their hands thoroughly after use.

3. Hydrochloric acid (HCl)  -  0.002 M Solution.

a. Using stock solution of HCl, add 20 ml of HCl to 80 ml of
distilled water. This results in 100 ml of 0.02 M HCl.

b.  Use 10 ml of 0.02 M HCl made above and add this to
90 ml of distilled water. This will produce 100 ml of the
desired 0.002 M HCl.
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Analyzing Ash
Student Lab Sheet

Name_________________________________Date  ________________

Procedure:

1.  Using one full sheet of used notebook paper, crumple the paper as
tightly as possible.  Weigh and record the following:

a. Weight of beaker  _______________

b. Weight of paper  _______________

c. Weight of beaker and paper  _______________

d. Measure the diameter, d, of the crumpled paper____________cm....

e. Calculate the volume of the paper (TTd3/6)  _______________cm3.

2.  Unfold the paper enough to paint on several stripes of FeCl3 solution.
The “Fe” in the FeCl3 represents the metal (iron) in this garbage.

3.  When the solution is dry, recrumple the paper it in the beaker and burn.

4.  Use a glass stirring rod to reduce the ash to its smallest volume.  Spread
the ash evenly on the bottom of the beaker.

a. Measure the depth of the ash  _______________  cm.

b. Calculate the volume of the ash (TTr2 x depth) _______________cm3.

(Where r is the radius of the beaker)

c. Calculate the percentage reduction in volume  _______________.

5.  Weigh the beaker and ash again.

a. Mass of unburned paper and beaker  _______________.

b. Mass of ash and beaker  _______________.

c. Change in mass  _______________.

d. Calculate the percentage change in mass  _______________.

6.  Add 2 ml of dilute HCl (0.002 M) to the ash.

7.  Add 2 to 4 drops of KSCN (0.1M) solution to the acidified ash.  The result-
ing deep red color indicates that the metal iron has remained in the ash.
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Making Acid Rain

L E S S O N

Major Concept

Air pollution yields acid rain, which in turn
can pollute water,  harming wildlife and plants.

Objectives

As a result of this activity students will be
able to:

1. describe how burning nonmetal sub-
stances produces oxides called acid anhy-
drides that, when combined with water
form acids;

2. explain that as gases, anhydrides may dis-
solve in rain to form acid rain; and

3. express the potential harm to the environ-
ment from acid rain.

Grades:
Secondary.

Subject:
Science.

Time:
One class period.

Materials:
Sulfur flowers or powder,  gas bottle - size
100 ml,  defagrating spoon,  cover plate,
litmus paper and pH paper, stirring rod,
magnesium ribbon,  test tube,  Paramecium
or Euglena (or mixed) culture in solution,
microscope slides,  microscope.

It is necessary for the safety of the class to
have a lab with a hood and a fan to
preserve air quality.

40

I don't know if there are men on the moon,
but if there are they must be using the earth

as their lunatic asylum.
— George Bernard Shaw



   Making Acid Rain     221

2. Tell students this experiment will investi-
gate the release of acid anhydrides from
the burning of nonmetals that might be
part of the refuse burned in an incinera-
tor.  Explain that acid anhydrides such as
sulfur dioxide and nitrogen oxides are a
major source of acid rain.  Acid rain has
been linked to fish kills and destruction
of forests, as well as damage to microor-
ganisms that are vital to our environment.

3.  Have students work in pairs.  Hand out
the Lab Instructions sheet.  Go over the
laboratory procedure with the students.

4. Have students do the experiment and an-
swer the questions on the lab sheets.

5. When all the students are finished, Ask:
“What does this demonstration show us
about how acid rain formed?”  What is the
potential relationship between waste and
acid rain?

6. Inquire:  “How might the acid gas emis-
sions from waste incinerators be con-
trolled?”  Explain that the best incinera-
tors are equipped with devices called
scrubbers.

7. Discuss with student some of the other
processes that contribute to acid rain.  Are
there natural sources of acid rain?

Procedure

Questions:

1. What causes acid rain?  How is acid rain
formed?

2. What are the physical and chemical differ-
ences between the products of incinerated
metals and incinerated nonmetals.

3. What are two sources of toxic acid gases
from burning unsorted garbage?  (Hydro-
gen chloride can be released from burn-
ing plastics.  Sulfur dioxide is formed when
sulfur-containing substances are burned.)

4. What are three effects of acid rain on the
environment?

Activity:

1. Tell students this experiment will investi-
gate the burning of nonmetals such as
might occur in the incineration of garbage.
Explain that although incineration is al-
ready being used by some 70 cities and
counties in this country as well as by many
European countries, concern is high that
gases emitted from such operations, that
are not fitted with proper air emission
control devices, have the potential to cause
serious environmental harm.
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Lab Instructions - Making Acid Rain

Name  _____________________________________   Date  ______________

Introduction

Both federal and state governments now impose strict requirements on the
disposal of wastes in landfills.  Many municipal governments faced with the
closing of old dumps are considering incineration to be an attractive alterna-
tive.  Incinerators not only reduce the volume of garbage disposed, but they
also generate electricity.  However, concern about the potential for environ-
mental harm is high.

The burning of nonmetals produces oxides called acid anhydrides which form
acids when dissolved in water (acid rain).  Burning plastics can release hydro-
gen chloride gas which is also very acidic when dissolved in water.  Acid rain
has been linked to fish kills, the dying off of forests, and the destruction of
microbes that are vital parts of our ecosystem.  Damage to marble statues and
concrete buildings that contain limestone (calcium carbonate) has also been
reported.

The burning of metals produced oxides called basic anhydrides which form
bases when dissolved in water.  Basic anhydrides are mostly solids.  So when
metals are incinerated they produce solid basic anhydrides, some of which
end up as particulates in incinerator fly ash.  Many heavy metals are toxic or
carcinogenic when ingested over a long period of time.

Naturally occurring substances such as carbon dioxide have always caused rain-
water to be slightly acidic.  The dilute solution of carbonic acid that results
means that most rainfall has a normal pH of around 5.6.   In the northeastern
United States, the acid anhydrides of sulfur and nitrogen emitted from a vari-
ety of sources have lowered the pH of rainwater to 4.0 to 4.5.  Sometimes a pH
as low as 3 has been observed.  (Orange juice has a pH of around 4.5; a pH of
3 is about that of vinegar.)  The main reactions are:

H2O + SO2  <—>  H2SO3

H2O  +  SO3  <—>  H2SO4

H2O  +  2NO2  <—>  HNO3  +  HNO2
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1. Pour about 1/2 inch of distilled water (10
ml) into a gas bottle.  Place a pea sized
amount of sulfur in a deflagrating spoon
and start it burning.  Ignite sulfur in a fume
hood, to protect students from fumes.

2. Quickly lower the spoon into the gas bottle
near the water.  Cover the mouth of the
bottle as much as possible to prevent the
escape of the SO

2
 gas being produced.

3. When the sulfur has burned completely,
remove the spoon and cover the top com-
pletely to trap the SO

2
 gas.

4. Shake the bottle for about a minute to mix
SO2 and water.  (Be certain the cover is se-
curely in place before shaking the bottle.)

5. Using a stirring rod, place a drop of dis-
tilled water on pieces of red and blue lit-
mus paper and on a piece of pH paper.
Record your observations.

Red litmus paper  _______________.

Blue litmus paper  _______________.

pH = ____________ of distilled water.

6. Extract about 2 ml of “acid rain” from the
bottle into a test tube.  Repeat the above
tests on this sample.  Record your results.

Red litmus paper  _______________.

Blue litmus paper  _______________.

pH = _______________ of distilled water.

7. Place a drop of bacteria culture (Parame-
cium or Euglena or mixed) on a micro-
scope slide.  Examine it under the micro-
scope for three minutes.  Record your
observations.

Add three drops of “acid rain” to the slide.
Be sure the drops fall evenly over the origi-
nal drop.  Observe the effects under the
microscope for three minutes and record
your observations.

8. Place a 1 cm length of magnesium ribbon
into the test tube.  Observe it for at least
three minutes. Record your observations.
Repeat this experiment with a piece of
chalk.  Record your observations.

Questions

1.  What is the equation for the burning of
sulfur in air?

2.  What happened to the bacteria culture
when the “acid rain” was added?  What
might happen to a small lake or pond if
such a solution were added over a long
period?  What kind of lakes might be more
affected than others?

Adapted from A-Way With Waste, Washington State
Department of Ecology, 300 Desmond Drive, SE,
P.O. Box 47600  Olympia, WA  98504-7600.

Procedure




