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P INTERMED I ATE
RESOURCE UNIT

The Title III, Environmental Education ProJject Center is
providing your class with the following materials to teach a
unit on water.

Student Manuals - 1 per student
Teacher Manual - 1 .
Supplementary Materials (as requested by

o the classroom teacher)

It is the project's intention to provide guidelines for the
teacher and student to cooperatively plan the approach and
content to be used during the course of study. All o?art of
tgedmazerial can be used after evaluating the needs of the
students. - '

The Environmental Education Project is evaluated by meeting.
objectives as outlined in the original project proposal. The
resource units are written to meet these project objectives with
additional material deemed necessary by the project staff, area
teachers and administrators, and local environmental concerns.

A summary of the project objectives is provided to inform you of
the areas being evaluated concerning the water unit. Vhen using
the curriculum materials, we urge you to teach toward These

objectives. .

- decrease in the number of drains from farmyard lots into
drainage ditches and small streams

- decrease in the number of incidents of raw sewage
drained into streams -

- decrease in use of pesticides in the homes, the gardens,
and the fields

- decrease in the number of pounds of litter on a 50 foot
section of Wood River Cresk 4
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- increase in the use of litter bags in automobiles

~ increase in the purchase of soft drinks in returnable
containers : :

- increase in classroom use of films and filmstrips on
environmental education

- increase in books and magazines relative to environmental
problems checked out of school libraries and instructional
materials centers

-~ increase in number of subscriptions to periodicals and
other publications relative to environmental education

Students and families of students involved in the project are
evaluated on the basis of the above stated objectives. Any
different approach that you and/or vour students might conceive
that will further develop these objectives will be most welcome
at the Project Center. '

A concept-activity file is constantly being formulated at the
Project Center to supplement the resource unit. Additional
activities should be evaluated and used to increase motivation
and interest depending on the students' background.

The concepts as stated in the original proposal are further
stated in the field trip section. These concepts are primarily
concerned with the water unit. Additional concepts should be
developed to meet the needs of the individual teacher and
students at the appropriate grade level.

Behavioral ob-jec*i:ives are necessarj to devise a method of

‘evaluation and proper instruction. The following behavioral

objectives are listed as a basis to follow in the teaching of

the water unit. Additional objectives should be devised by
.the teacher as they. apply to the individual needs of the students.

1. Students will identify sources of water pollution by
constructing a list. ' ' .

2. Students will identify types of water pollution from
their homes by completing a chart at home.

3. Students will'show the effect of sewage on streams by
completing a diagram. ,

4, Students will construct working models of the different
methods of treating wastewater.

5. Students will assume different roles while playing' a
simulation game to illustrate the social complexity
of pollution problems. ‘




Students will use available resource materials on
water and its use and misuse.

Students will develop a "feeling of ownership" toward
water as & natural resource. :

Students will write to local, state, and federal
governments urging passing of anti-pollution laws or
to report violation of existing laws. '

A pre-test and a post-test must be given to each student.
Included in e teacher's packet of supplementary materials

is the student test to be duplicated and distributed to each
student. The teacher's answer sheet is included in this guide.
After completion of the pre- and post-test, please grade and
provide the Project Center with the test results. We would
pre¢fer the percentage gain or loss for the entire class.
Pryvide this necessary information by completing the teacher
evaluation form.

The teacher's manual includes the actual student guide plus
guidelines for the teacher to use while instructing students.
Actions 5 and 6 are for your use in conducting field ‘trips
and determining what resources you want to use.

Not included in the teacher's manual are the transparency
masters and the charts/forms for student use. These items

are included in the teacher packet of supplementary materials.
This arrangement will allow you to make multiple copies to
distribute to your students. You are invited to obtain a
teacher packet on a loan basis from the Title III Environmental
Zduation Project Center. Ovs telephone number is 618-786-3313,
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Teacher's Answer Kevy

Grade the student responses using the following key.

TRUE OR FALSE QUESTIONS. PLACE A T OR F TO THE LEFT OF THE QUESTION.

T 1.
T 2,
T 3,
F L".
F__ 5.
T 6.
F 7.
T 8.

Everyone has the responsibility for conserving the
water around him,

Diseases are caused and spread by poor disposal
practices,

Raw sewage is dangerous to plants and animals,
Everycne's waste is processed by a sewage plant.
All pollutants can be removed at a sewage plant,

Animals that live in farmyard 1ots can pollute
streams and rivers. -

Farmyard lots should drain directly into a stream.

Phosphates from detergents and nitrogen from
fertilizers are food for aquatic plants.

MULTIPLE CHOICE QUESTIONS. PLACE THE LETTER OF THE BEST ANSWER
IN THE SPACE TO THE LEFT OF THE QUESTION. ¢

d 9.

d 10,

Water pollution comes from:

a. industries ¢. farms
b. cities d. all of the above.

Sewage iz waste water that leaves your house through
sewer pipes. Sewage contains:

a. organic wastes ¢c. Dbacteria
b. phosphates d. all of the above.

.
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A sewage plant is a:

a. 1living plant

b. dead plant

c. place where people live

d. pl:ce where most pollutants are removed from the
water, '

The solid material that is removed at a sewage plant
can be used for: ' -

a, fertilizer C. roads
b. animal food d. buildings.

Animal waste should be spread on:

a, hillsides c. along ponds
b. 1level land d. in creek beds.

Livestock should be watered by: »

a. letting them walk out into the water and drink

b. pumping water into livestock watering tanks

c. letting them stand along the edges of streams and
ponds and drink,

A sewage lagoon is a:

a. river ‘ ¢. 1large pond

b. stream . d. highway.

A sewage lagoon is used for:

" a, fishing c. supplying drinking water

b. sewage digestion - d. recreation.

. The sewage in a lagoon is treated by:

a. cattle : '~ c¢. microscopic organisms
b. birds d. fire. :

A sewage lagoon when functioning properly:

a. 1is . ugly and stinky :

b. has a lot or raw sewage floating around on top
c. gives off very little odor

d. - is harmful to be around.

Septic tanks are used mostly in:

a. large cities c. airplanes
b. rural areas d. trains

"The effluent from a septic tank should:

a. run directly into a stream

b. never leave the séptic tank - :

c. pass through a bed of rocl and sand and the
into the soil. coL
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g | ENV IRONMENTAL |DEAS
FOR THE STUDENT

This guide to environmental ideas is written to provide a
better understanding of some of the environmental problems
‘you will face in the future. It is also written in such a
way that you will be able to make your own value decisions
about what has to be done to maintain and improve the world

. . in which we all live. The interest that you have is directly
x related to the amount of involvement that you give in the-

5 solution to the problems of our surroundings.

-| PLEASE DO NOT MARK IN
THIS BOOKLET. OTHER
STUDENTS WILL WANT TO USE
|T WHEN YOU ARE FINISHED.

~
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Water, Water Everywhere,
But Not A Drop To Drink

Industrial, agricultural, and _
municipal waste material contribute

to the pollution of our water supplies.
Learning about pollution problems

is very impcrtant because we need -
to understand how complex the problem
is. To begin, let's find out:

Where Does It All Come From?

00, I

3% MUNICIPAL \ # AGRICULTURAL

DODT et

Al

*National Wildlife Federation, E.Q. Index
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A. The Trouble With Water is People

Poliution comes from all sources where people are involved.
Industries, cities, and rural environments are the ma jor
sources of water pollution. Let's look at the problem.

INDUSTRY - 65%

- Every man, woman, and child
demands cheap, easy, and
convenient goods and services.
Because of this demand, ,
industries produce these gcods
and services. To operate,
industry must have water to
cool their machinery, to
dissolve chemicals, an? to
carry away their wastes. - Name
some waste materials from
industrial plants in your city

or county., List four ma jor
categories in which al

industrial wastes can be put.

FUNNY BUSINESS

IS THAT SAMPLE. OF

LN polkuTED £

WATER X BRIUGHT

MUNICIPAL - 20% '

- Cities take care of the waste
material from most of the homes
within the city limits. And the

home is the source of much of the‘

pollution of our waters. To
understand the problem, we must
look at the waste products from
our homes. Your teacher will
give you a chart to be completed
by you at home. Estimate howqp
many gullons of water: you use
each day, and list the types of
waste materials from each use of
water. Discuss your results in
class,

V. SHIRVANIAN

“Do you really vsant me to get in there
and pollute all that nice clean water?”




AGRICULTURAL - 15%

People need food. People want food that they like the best..
Therefore, people raise cows for steaks, chickens for drumsticks,
: pigs for bacon, sheep for lamb chops, corn for cornbread, and

; wheat for bread. ’ : :

A IR s e e e Y

Vhy is this a problem? Let's take cattle for example, If a
hundred head of cattle are grazing on the side of a hill with
a small stream at the bottom of the hill, where will the animal
waste products go when it rains? To examine the problem, look
at the three diagrams below. As a class discuss what happens
to the waste material during a heavy rain. .

FARMYARD LOTS
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B. A Bloom That Isn't Pretty!

Sewage causes water pollution, It is any waste material that

Teaves your house through drains and sewer pipes. Sewage
contains: : ,

ORGANIC MATERIALS
(human waste)
PHOSPHATE DETERGENTS
(plant food)
BACTERIA
(germs)
N|1TROGEN
(plant food)

If this material goes into 2 water supply, green plants will
grow more than they shoulé&. Tiny green plants (algae) will

make the water look like pea soup or big mats of slimy green
plants will float on the water. The pea soup appearance is

called an algae bloom, This is a bloom that isn't pretty!

Vhat is wrong with this bloom? Many things are wrong.

The Kinds of Animals Change
The Number of Animals Decrease
No More Recreation Use
Drinking Water Tastes And Smells

Let's look at a stream that is being polluted by sewage. Your
teacher will give you a dilagram of a stream. Another diagEam
will have mﬁaIs %Ea:E 1ive in the stream, Some you w. ow
and some will not be familiar to you. Some animals can live
in highly polluted water. Other animals must have clean
water to survive. Cut out the animal pictures and paste them

in the stream where you think they belong, When everyone is
finished, discuss your results in class.,

4
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According to the National Wildlife Federation, there are five
categories of water pollutants, (1) chemical, (2) sewage,

(3) thermal, (4) silt, and (5) crud (trash). Almost every
water supply in the United States is polluted to a certain

degree,

By far the most polluted, by public opinion, is

Lake Erie. This is due to the heavy industrial and municipal
areas surrounding Lake Erie. Also Lake Erie is the shallowest
of the Great Lakes, '

Part A.

Waste materials from industrial plants might
include: sewage, chemicals, heated water, and
solid particles., Silt is not a major problem

of industry. The tremendous use of water for
operational needs is greater than the hydrologic
cycle can replace, Students are unable to really
get involved in industrial problems, other than
learn about the problems.

The following chart contains the suggested responses
from the student survey. The chart to be_completed
is found in the Packet of Supplementary Materials.
Make multiple copies, one for each student. Also

a transparency can be made from the original

chart and used to write the student responses
during class discussion.

14
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Part B:

The major problems of agricultural water pollution
are: ?1) the loss of topsnil through erosion which
results in siltation, (2) the runoff from feedlots
which carry animal sewage into our water supplies,
(3) the heavy use of fertilizers which end up in
our water supplies, and (4) pesticide runoff. To

understand just one of the groblems discuss the
diagrams of e cattle feedlots with ¥our class,

The suggested responses sho indicate t© waste
materials will run-off the land into the nearest
water supply.: Also the waste material will travel
through the soil into the ground water supply. This

method will remove some impurities as it travels
through the soil.

You can illustrate the pea soup appearance (the
algae bloom) by collecting some pond water and
leaving it in a warm, sunny location., VWith few
animals, the algae will multiply extensively.

Sewage causes a decrease in the amount of oxygen
available. This is due to the heavy demand for
oxygen by organisms that decompose the organic
waste., The animal population decreases from the
lack of oxygen. The following diagram %ives the
basic animal life in the sewage effluent area and
the clean water area.

You can give your students a first-hand experience
to observe, test, and record valuable information
by taking a field trip to compare a rural stream

environment with an industrial stream environment.

16
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Action 2

Our Streams Are "Wasting" Away

At one time, most streams were clean and full of life. Vhat
little waste entered these waters was taken care of by
nature's own waste disposal system.

As man settled the land and built his factories and cities,
more wastes were added to these streams. This changed the
clean streams to open sewers of human, agricultural and
industrial wastes. Now we must make an effort to improve
the condition of our streams.

..AN'MAL cu.cu”_ . - e e . - cmece, . -...-:- “ v e - ow S g p @ v

I GET e FEElING
THAT THI6 WATER!S
MORE FOLLUTED
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A. What's the Best Way?

To improve the quality of our streams, we must prevent great
amounts of waste from entering our water supplies. Is the
waste from your home treated before going into a water
supply? The waste from your home will go directly to one
of the following places:

l, a stream, iake, or drainage ditch;

2. a septic tank;

3. a lagoon; or

4, a municipal treatment plant.
Of course, the worst method is number one, the waste going

directly into a stream. This chould be corrected by
providing some type of treataent. :

SEPTIC TANK

A septic tank is usually a large tank, underground, in
which a family disposes its waste material. The solid
material settles to the bottom. The material that does
not settle is partly digested by bacteria. This type
of treatment is called primary treatment.

'SAND BED EILTER

An extension of the septic tank is the sand bed filter.
Water leaving a septic tank is cleaned by moving through
different layers of soil and sand., Let‘s observe how
this works by constructing a sand bed filter.
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Pour dirty water; such as dish water, into the top of

the cylinder. Collect the water that passes through the
filter. Is the water clean? Is there anything left in
the water that is too small to see? Could you drink this
water? Do you have to know the type of soil in your area
if this method is going to be effective? Does your family
treat the waste material by the septic tank method?

B I R,

: SEWAGE LAGOON

3 A lagoon is very similar to a septic tank, except that it is
: large like a pond and collects waste water from many families.

] Since the lagoon is like a septic tank, explain how the

3 lagoon cleans the waste water. What would happen if too
many homes were dumping their waste in the lagoon? Can
this lagoon be used for many years? Are there any lagoons
in your area? If so, how many and are they operating
properly?
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MUNICIPAL TREATMENT PLANT

Some treatment plants have only primary treatment. The waste
water is allowed to set until the solid material settles out.
However, some sewage remains in the water that flows into a
stream. Primary treatment removes only 35% of the sewage.

Seconda treatment removes about 85% of the sewage. More
municipa'} plants are building secondary treatment facilities,
Let's look at both types of treatment.

PRIMARY TREATMENT
Follow the steps below to find out how primary treatment works.

STEP 1

FILL A GLASS JAR WITH WATER AND A HANDFUL OF DIRY
STEP 2 |
PLACE THE LID ON THE JAR AND SHAKE

- STEP 3

LET THE JAR SIT ON A SHELF FOR SEVERAL HOURS
STEP 4

WITHOUT DISTURBING THE JAR, OBSERVE VHAT HAPPENED TO THE
DIRT '

STEP 5
CAREFULLY POUR OFF THE WATER INTO A CLEAN GLASS JAR

Is the water clean? Are there any small particles that you
cannot see in the water? Would you be able to drink this
water? Does your community have primary treatment?
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SECONDARY TREATMENT

One example of secondary treatment is the trickling filter.
Waste water containing sewage can be cleaned by passing
through this trickling filter. This type of filter has
large rocks with tiny animals and bacteria. These living
things digest the sewage as it flows over the rocks. This
makes the water cleaner. Your teacher may want to show
you how this works by building a model like the diagram
below, or discussing the diagram in class.

@ ¢ % beaker or glass jar
Y | R

2. bottom of plastic jug with
holes punched ,

2. large rocks with bécteria'
(slime)

< plastic jug (gallon size)

collection container

The water you choose to use fér the experiment can be dish
water, stream water that you know is polluted, or other
waste water., CAUTION - always wash hands after using the

water. Pour the waste water over the rocks. Collec e
water that goes through the rocks and pour over the rocks
again. Keep doing this until there is a slime layer on the
rocks. Would you drink the clean water? Does your community
have secondary treatment? Is secondary treatment better
than primary treatment? Why or why not?

? 22
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You can see how some waste water is cleaned before going into
a stream. But, is this the best way? Why not spread the
treated waste water over fields where crops grow? One city
in Michigan is doing this. They stopped dumping their waste
water in a stream, put it in a large pond, disinfected it,
and sprayed it on farm crops. As the waste water goes :
through the soil, it is cleaned. Eventually this water
becomes part cf the ground water supply. Do you think that
this ‘is a solution to our sewage disposal problem? ,

V4
T e \~———\ S— o r— ol e PR,
o ‘o .0 [} . (£ [ o) - - -~ PO e
PETOIEINIL 3 a‘:ﬂ‘{&:‘. 0 v+ Soi1 Bacteria ,©. ©
¢« o 0. [ ety G o Cs v o - -4 [
(o} O o 00'5‘,‘0.006 "0.'00' “OC".
SRR R h - / B et ir Clay Particles

Drainpipe or ground water.

Soilcan élean waste water. Bacteria in the upper layer of soil
- bresk down the waste chemicals into minerals that plants can use.
The lower clay area removes othfg wastes, including viruses.

23
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B. A Special Problem
With Farmers

One of the major problems -in
agriculture is the runoff from
feedlots. A dangerous
substance that empties into a
nearby water supply is the

” animal waste materials. Let's

look at the problem in more
detail.

Look at the great amount of wastes:

men . 3534084
Ll 3L

18 people '
-QQ - .

g 2 people”
R e 8
Bl B

7 chickens ) oo ) :
- " ""National VWildlife Federation,
.+ . E.Q, Index C
With this tremendous amount of animal’
wastes, we must be able to treat the :

-wastes before going into a stream. One

way is to build a sewage lagoon. From
what you.know about a sewage lagoon,
what problems do you see about -using :
this treatment? Another way to treat
this animal waste is shown in the
diagram on the right.- By looking at

: the diagram, can you explain what thi;

farmer is doing?

. Journal .of Soil and Water
- Congervation, March-April, 1971

11
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C. Clean Clothes, Clogged Creeks

i Your teacher will divide the class into six groups. Each group
will be asked to play a role., The way you think is very
important in playing this role.

Here are the groups:

- GROUP | - HOUSEWIVES THAT BUY
PHOSPHATE DETERGENTS

GROUP 2 - HOUSEWIVES THAT BUY SOAP
5 GROUP 3 — GROCERY STORE OWNER
GROUP # — STUDENTS AGAINST POLLUTINN

§ "~ GROW 5 — THE RIVER

GROWP 6 — FISH IN THE RIVER
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" THE PROBLEM 1S WHETHER HIGH PHOSPHATE
DETERGENTS SHOULD OR SHOULD NOT BE USED

Your job is to discuss this problem among your group members.
Remember to think the way the role members would think.

Some things you should knqw about the problem include:

PHOSPHATES MAKE THE CLOTHES CLEANER

PHOSPHATES CAUSE PLANTS IN THE WATER
TO GROW i

DETERGENTS HAVE BEEN STUDIED FOR YEARS
CONSUMERS WANT GOOD PRODUCTS. |
UNNECESSARY POLLUTION CREATED | |

HIGH COST TO REMOVE.DURING SEWAGE
TREATMENT |

S 13
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TEACHER'S GUIDE

ACTION 2

To emphasize clean streams versus polluted streams, have the

students bring in pictures showing the differences. Use

mezazines, newspapers, Photographs, or any available source.
—Have-the students write captions for each picture.

Part A: The best way, of course, is any method that prevents
sewage pollutants from entering a water supply.

SEPTIC_ TANK

A septic tank is an acceptable method of disposing
waste water if the conditions are right. The tank

must not be overloaded, it must be a distance from

a water supply, it must not be located in a condensed
population area, and soil must be able to filter

the waste water before reaching the ground water supply.

'SAND BED FILTER

The construction of the 'sand bed filter can be a
class project or an individual student project.
This filter is a good working filter which allows
students to actually see water being cleansed.
Although the operation of this filter will give

ou clear water, some chemicals, bacteria, and :
viruses will pass_through and remain in the filtrate.
To safeguard against diseases in such a filter,

the use of chlorine is a necessity. You could

illustrate this by putting several drops of bleach
in the filtrate. - » .

The sand bed filter is not practical for a large
population. :

SEWAGE LAGOON

Lagoons are acceptable only if not overloaded with
sewage. It takes time and space for bacteria to
react with the sewage to make it less harmful.
Lagoons will eventually fill with sludge and become
useless as a sewage treatment facility. This makes

the sewage lagoon an expensive operation due to the
price of 1and.. '
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'is beneficial to plants because of the organic matter,

MUNICIPAL TREATMENT PLANT

Primary, secondary, and tertiary treatment are

explained in an excellent booklet, A Primer on Waste
Water Treatment, U.S. Department of the Interior and
the FederaI Water Pollution Control Administration.

This booklet is available for your use as well as
multiple copies for student use through the Environmental
Education Project Center. Contact a staff member or
call 618-786-3313 to borrow these booklets.

‘ Primary Treatment

The "dirty" water you use in the experiment should
become clear with most soil particles settling to
the bottom. Discuss the possibility of "hidden"
substances in the water which might make the water
unsafe to drink. The "hidden" substances could be
toxic chemicals, bacteria, and viruses.

Secondary Trea‘tmen‘t

The model of a trickling filter. can be constructed as
a class project or use the diagram for discussion
purposes. The layer of slime on the rocks indicates
that bacteria are reacting with the sewage (organic
matter)., Continue to recycle the water to obtain this
slime layer. Again, chlorine would have to be added
to make the filtrate bacteria free.

The effluent from the waste water treatment plant :
must be disinfected with chlorine or othei: bacteria- ;
killing agent. The bacteria in the soil will aid
in breaking down the chemicals in the waste water. 3‘
The_clay material aids in the removal of viruses . i
and other impurities. Therefore, the ground water
is clean before going into a spring or stream. In .
addition to cleaning the waste water, this material ;

nitrogen content, and other fertilizers.,

Students can survey the local area to determine the ;
community's various approaches in dealing with ' i
sewage and list these ways.
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Part B:

Part C:

Several important points should be emphasized.
Animals confined to feedlots literally make-up

a small community. The wastes from these animals
create a tremendous disposal problem. Treating
this waste material is an expensive operation.

The diagram should be discussed in detail. The
farmer is collecting the sewage running off the
feedlot. After several settling operations, the
effluent is sprayed on the fields. The fertilizer
potential is great because. of the valuable

organic material and nitrogen wastes. Returnin
this material to the earth is an important and
necessary recycling process. Dried sludge can

be used as fertilizer to return valuable nutrients
to the soil. ZExperiment using dried sludge mixed
with soil to grow plants. The control would be
plants growing in soil without fertilizer.

The role playing activity is meant to emphasize
the complex society in which we live. Living
habits, political influence, and ecological
processes play a major role in whether phosphate
detergents should or should not be used. Allow
the students to created additional roles,. to
research the various areas of interest, and to
discuss the various roles assumed. Have students
make a  display of as many empty detergent boxes as
possible. Examine the phosphate level per
washload of each detergent. Compile a list to be
sent home with the students. : _
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Action 3

THE BROOK

by Alfred, Lord Tennyson (1855)

[interpreted by Arthur Getz (1971)] *

I come from haunts of coot and hern,
I make a sudden sally,
And sparkle out among the fern,
To bicker down a valley.
By thirty hills I hurry down,
- Or slip between the ridges,
By twenty thorps, a little town,
And half a hundred bridges.

I chatter over stony ways,

In little sharps and trebles,

‘I bubble into eddying bays,

I babble on the pebbles.

| With many a curve my banks I fret

By many a field and fallow,
And many a fairy foreland set
- With willow-weed and mallow.
I wind about, and in and out,
With here a blossom sailing,
And here and there a lusty trout,
- And here and there a grayling.
And here and there a foamy flake
‘Upon me, as I travel -
With many a silvery waterbreak
Above the golden gravel.
I slip, I slide, I gloom, I glance,
- Among my skimming swallows;
I make the netted sunbeam dance
Against my sandy shallows.
And -out again I curve and flow
To Jjoin the brimming river,
For men may come and men may go,
- But I go on forever,

*Audubon, March 1971, Volume 73, Number 2
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Verses from THE BROOK
by Alfred, Lord Tennyson (1855) - ° : >
as interpreted by Arthur Getz (1971) .

. I come from haunts of coot and hern,
] . I make a sudden 'sally,’

And sparkle out among the fern,
To bicker down a valley.

By thirty hills I hurry down,
Or slip between the ridges,
By twenty thorps, a little town,
' And half a hundred bridges.




I cha